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Abstract 
Objective: Acute myocardial infarction (AMI) patients with admission hyperglycemia had a 
worse prognosis; however, the effects of baseline diabetes status on this connection are yet 
unknown. The goal was to examine how admission hyperglycemia affected both short- and long-
term outcomes in AMI patients with and without diabetes. 
Method: 300 individuals who experienced their first AMI between March 2022 and February 
2023 at Nalanda Medical College and Hospital, Patna were identified in this retrospective cohort 
analysis. 150 patients with diabetes and 150 patients without diabetes were separated into two 
groups among the participants. Following that, they were split into four groups based on a cut of 
fasting blood glucose (FBG) levels that was specific to a person's diabetes status and was identified 
via a limited cubic spline. Cardiac problems and in-hospital death were among the short-term 
results. All-cause mortality and serious adverse cardiovascular events were the long-term results 
(MACE). To account for baseline differences between the groups, inverse probability of treatment 
weighting (IPTW) was used. This was followed by a weighted Cox proportional hazards regression 
analysis to determine the hazard ratios and 95% confidence intervals for all-cause mortality 
associated with each FBG category. To assess the robustness of the findings, subgroup analysis, 
and sensitivity analysis were carried out. 
Results: 113 patients passed away over a median follow-up of 1.2 years. During long-term follow-
up, there was a significant (p <0.002) interaction between diabetes status and FBG levels for all-
cause mortality. Furthermore, among patients with diabetes, restricted cubic spline curves for the 
relationship between FBG and all-cause mortality had a J shape, while in patients without diabetes, 
they had a non-linear form. In both the diabetic and non-diabetic patient groups, the Kaplan-Meier 
analysis showed that non-hyperglycemic patients had a higher survival rate than hyperglycemic 
patients. Those with hyperglycemia who do not have diabetes have a higher survival rate than 
those who do. Admission hyperglycemia predicted increased short- and long-term mortality in the 
weighted Multivariable Cox analysis. The robustness of the findings was demonstrated by 
subgroup analysis and sensitivity analysis. 
Conclusion: For patients without diabetes and those with diabetes, the infection points of FBG 
level indicating a bad prognosis were 5.50 mmol/L and 10.50 mmol/L, respectively. 
Hyperglycemia during admission was identified as an independent predictor. 
Keywords: Hyperglycemia, Diabetes, Non-Diabetes, Myocardial infraction. 
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Introduction
Patients with AMI frequently experience hyperglycemia during hospitalisation, and this condition 
is independently linked to a worse prognosis [Figure 1; 1], though the relationship may not be 
linear [2] and there is conflicting evidence regarding whether it varies according to a patient's 
diabetes status [3]. Depending on how entry hyperglycemia is defined, 25–50% of patients 
experience this condition [4]. There is considerable disagreement over the blood glucose level that 
defines entrance into hyperglycemia. Diabetes is a well-known comorbidity among patients with 
cardiovascular disorders [5]. Compared to patients without diabetes, individuals with AMI have a 
risk of short- and long-term mortality that is more than twice as high [6]. 

 

 
Figure 1: Association of Hyperglycemia with AMI 

 
By utilizing the same predictive cutoff value 
for both diabetic and non-diabetic patients, 
prior investigations revealed a greater 
connection between a diagnosis of clinical 
diabetes and incident mortality in 
hyperglycemia patients than in non-
hyperglycemia individuals without diabetes 
[1]. Although inequalities in the incidence of 
uncontrolled blood glucose and mortality are 
a possibility, the causes of such diabetes 
status-based differences are unclear. Also, 
there is a dearth of information regarding 
how diabetes status affects the prognostic 
significance of blood glucose levels for 
defining admission hyperglycemia. 
Recent studies showed that admission 
hyperglycemia was an independent predictor 
of mortality in AMI patients without diabetes 

when used the same or different cutoff values 
for diabetic and non-diabetic patients, despite 
the fact that the relationship between 
admission hyperglycemia and mortality by 
diabetes status is less well understood [7]. 
There is a lack of information on how 
diabetes status affects the absolute mortality 
risk linked to admission hyperglycemia. 
Therefore, it is imperative to include the 
diabetes state of patients to prevent 
inaccurate calculation of the true prevalence 
of admission hyperglycemia. 
The ideal cutoff values of FBG separately for 
diabetic and non-diabetic patients have not 
been used in studies evaluating diabetes 
status-based differences in mortality risk 
associated with admission hyperglycemia, 
nor have they shown whether differences in 



International Journal of Pharmaceutical and Clinical Research                                  e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Imam et al.                                 International Journal of Pharmaceutical and Clinical Research   

1001 

mortality risk persist across different levels 
of FBG. To determine the value of FBG 
cutoff values in predicting the short- and 
long-term prognosis of patients with AMI, 
we examined the severity of hyperglycemia 
by diabetes status subgroups, differences in 
the risk of incident mortality across 
increasing levels of FBG between diabetes 
status subgroups, and FBG cutoff values in 
patients with and without diabetes. 

Methods 
Study Design: Patients who were referred to 
the chest pain center at Nalanda Medical 
College and Hospital, Patna for their first 
AMI between March 2022 and February 
2023 were included in this retrospective, 
population-based cohort analysis. 
Methodology: During the analysis of 
electrical medical records, baseline 
demographic and clinical data were gathered. 
Age, gender, body mass index (BMI), and 
ethnicity were included in the demographic 
information. Smoking and drinking patterns, 
as well as cardiovascular disease in the 
family. Diagnosis, medical history, 
laboratory test findings, medications taken 
upon discharge, and clinical therapy made up 
the clinical data. The FBG levels were 
evaluated 24 hours after admission. Pre-
existing diabetes mellitus was defined as a 
history of diabetes that was known to have 
occurred at the time of admission and was 
managed either only by dietary and lifestyle 
changes or in conjunction with the use of oral 
glucose-lowering drugs and insulin. On the 
basis of the oral glucose tolerance test, the 
fasting glucose test, or the glycated 
hemoglobin level of 6.5% while hospitalized, 
newly diagnosed diabetes was determined. 
Individuals with HbA1c 6.5% mmol/mol and 
no prior history of diabetes were deemed to 
be free of the disease. For the first 23 hours, 
patients with pre-existing diabetes mellitus 
and admission glucose levels of more than 10 
mmol/L received insulin-glucose infusions to 

lower blood glucose levels between 6 and 14 
mmol/L, followed by subcutaneous insulin 
injections. Patients with newly discovered 
diabetes and those without the disease did not 
receive therapy to reduce blood sugar for the 
first 25 hours. For non-diabetic patients, 
hyperglycemia was defined as FBG levels of 
5.5 mmol/L or 10.5 mmol/L. 
Sample Size: 300 patients who met the 
inclusion criteria were eligible for this study. 
Exclusion criteria: Myocardial infarction in 
the past, malignancies, severe valvular heart 
disease, severe renal failure, or missing vital 
laboratory data (FBG on admission or 
glycated hemoglobin [HbA1c]). 
Statistical analysis: Descriptive statistics 
were used to summarize the baseline 
characteristics of the patients by categorical 
FBG level (where appropriate, frequencies 
with proportions or means with SDs). The 
Kruskal-Wallis test for continuous variables 
and the chi-square test for categorical data 
were used to compare demographic and 
clinical characteristics. The Multivariate 
Imputation by Chained Equations (MICE) 
library in Python was used to impute missing 
data at baseline using random forest 
imputations. The reverse Kaplan-Meier 
method was used to estimate the median 
follow-up time. Using FBG as a categorical 
variable (to account for the glycemic 
threshold) and then as a restricted cubic 
spline, to investigate a potential nonlinear 
relationship between FBG and mortality, Cox 
proportional hazard models were used to 
evaluate the correlation between FBG and 
mortality. 
Ethical Consideration: The study was 
approved by the ethical committee of 
Nalanda Medical College and Hospital, Patna 
after written consent was obtained from the 
subjects. 

Results 
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The study enrolled 300 individuals with AMI 
for the first time in total. The participants' 
average age was 56.2 years (SD 12.2), 77% 
of them were men, and 32% of them had 
diabetes. Of the patients, 32% were classified 
as having neither non-hyperglycemia nor 
hyperglycemia without diabetes, 34% as 
having neither, 18% as having neither non-
hyperglycemia nor hyperglycemia with 
diabetes, and 12%) as having both. 
Across groups, the patient features were 
contrasted according to FBG level (Table 1). 
Patients with hyperglycemia tended to have 

higher heart rates, Killip classes, 
procalcitonin, c-reactive protein, 
triglycerides, HDL cholesterol, LDL 
cholesterol, apolipoprotein A, and peak hs 
Troponin I, whether they had diabetes or not. 
Total cholesterol was lower in hyperglycemia 
patients among non-diabetic patients while it 
was greater in diabetic patients. More uric 
acid and a higher incidence of STEMI were 
seen in non-diabetic patients with 
hyperglycemia, although no statistically 
significant differences were seen in diabetic 
patients.

Table 1: Baseline Characteristics of Patients 
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Age 
< 54 54 53 0.735 42 41 0.735 0.735 
>54 46 46 0.735 58 56 0.735 0.735 
BMI 25.94 20.05 0.581 26.15 26.05 0.263 0.546 
Smoking status 
Never smoked 515 50% 0.497 61% 65% 0.497 0.497 
Former Smoker 42% 40% 0.497 31% 25% 0.497 0.497 
Current Smoker 6% 7% 0.497 7% 7% 0.497 0.497 
Drinking  12% 12% 2.000 11% 11% 2.000 0.057 
Killip Class 
<II 51% 37% <0.002 34% 25% <0.002 <0.002 
>II 51% 61% <0.002 64% 75% <0.002 <0.002 
LVEF % 
<30 9% 11% 0.192 13% 17% 0.192 0.192 
>30 93 91% 0.192 86% 83% 0.192 0.192 
STEMI 66% 74% <0.002 62% 64% 0.472 <0.002 
Heartrate 81 84 <0.002 83 91 <0.002 <0.002 
Laboratory Values 
Procalcitoni 0.04 0.05 <0.002 0.05 0.06 0.002 <0.002 
CRP 5.47 11.34 <0.002 9.93 17.83 <0.002 0.001 
Total Cholesterol 3.80 4.15 0.001 3.82 4.15 0.002 <0.002 
HDL cholesterol  2.45 2.75 <0.0002 2.46 2.66 0.036 <0.0002 
LDL Cholesterol  0.87 0.96 <0.0002 0.85 0.88 0.001 0.356 
Apolipoprotein 1.01 1.04 0.001 0.97 1.00 0.017 0.020 
Peak hs Troponin 4.74 14.74 <0.0002 5.08 10.44 <0.0002 0.006 
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More uric acid and a higher incidence of 
STEMI were seen in non-diabetic patients 
with hyperglycemia, although no statistically 
significant differences were seen in diabetic 
patients. When comparing the two 
hyperglycemia subgroups, hyperglycemia 
patients without diabetes tended to be 
younger, men, former smokers, and STEMI 
more frequently; they were more likely to 
have hyperglycemia, liver disease, and lung 
disease less frequently; they showed lower 
Killip class, heart rate, procalcitonin, c-
reactive protein, and triglyceride; they also 
had higher Left Ventricular Ejection Fraction 
Value, Hemoglobin, 
Hospitalization resulted in 113 fatalities. In-
hospital deaths and cardiogenic shock were 
more prevalent in patients with 
hyperglycemia, whether they had diabetes or 
not (p<0.02). When compared to non-
hyperglycemic patients, those with 
hyperglycemia displayed a higher 
arrhythmogenic burden (atrial fibrillation and 
ventricular arrhythmias) during 
hospitalization (p<0.02). Diabetes patients 
with hyperglycemia experienced greater in-
hospital deaths, heart failure, and cardiogenic 
shock than patients without diabetes 
(p<0.02). 
Higher FBG levels were linked to higher all-
cause mortality among non-diabetic 
individuals than among diabetics, indicating 
a significant interaction between diabetes 
status and increasing FBG levels on all-cause 
mortality (p <0.002). As a result, these 
analyses were divided into groups based on 
the presence or absence of diabetes, with 
FBG cutoff levels determined for each group. 
To determine the cutoff values for FBG 
levels related to all-cause mortality in 
patients with and without diabetes, restricted 
cubic spline analysis was carried out. Until 
about 5.50 mmol/L (100 mg/dL) of expected 
FBG level, the risk of all-cause death was 
very low and the hazard ratio was 1, but it 
subsequently started to rise quickly in 

individuals without diabetes (p for overall 
<0.02 and p for non-linearity <0.237). 
The hazard ratio per additional standard 
deviation higher estimated all-cause death 
was 1.18 above 5.6 mmol/L. (1.08–1.30). We 
found a J-shaped relationship between FBG 
and all-cause mortality in diabetic patients; 
the plot revealed a significant reduction in 
risk within the lower range of predicted FBG 
level, which reached its lowest risk at 10.5 
mmol/L (180 mg/dL) and then increased after 
that (p for overall <0.002 and p for non-
linearity <0.002). The hazard ratio for 
increased projected all-cause death was 1.26 
above 10.5 mmol/L. (1.11–1.45). In order to 
categories patients into four categories, we 
chose FBG of 5.50 mmol/L for patients 
without diabetes and 10.50 mmol/L for 
patients with diabetes as practical cutoff 
values. 
A total of 113 fatalities and 160 MACE were 
reported over a follow-up duration of 1.2 
years, which was the median. Incidences of 
MACE and all-cause mortality significantly 
varied among the four groups, according to 
Kaplan-Meier survival analysis (p <0.002). 
All-cause death was more common in non-
diabetic patients with hyperglycemia 
(p<0.002). MACE occurred more frequently 
in patients with hyperglycemia in both 
diabetic and non-diabetic patients (p=0.052 
and p=0.017, respectively). All-cause 
mortality and MACE were more frequently 
noted in hyperglycemia patients with 
diabetes when compared to the other 
hyperglycemic subgroups (p <0.002). 
To determine the mortality HRs for each 
FBG category, IPTW Cox models were used. 
Hyperglycemia was a significant predictor of 
short-term mortality in a weighted 
univariable Cox model (non-diabetic 
patients: HR 2.25, 95% CI 1.34-3.78; 
diabetic patients: HR 1.71, 95% CI 1.15-
2.48). (in-hospital death). Regarding the 
long-term outcome, hyperglycemia was 
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identified as an independent predictor of 
long-term death (non-diabetic patients: 1.22; 
95% CI 1.02-1.498; diabetes patients: HR 
1.21, 95% CI 1.01-1.57) (all-cause 
mortality). The results' significance was 
unaffected by further adjustments for age, 
gender, ethnicity, hypertension, diagnosis, 
Killip class, and EF or the clinical factors 
from the multiple Cox proportional hazard 
model (c-indices of the model was 0.80). The 
FBG and both short-term and long-term 
mortality showed a similar dose-response 
association (p for trend <0.002 for all). 
The results of subgroup analyses of the risk 
of all-cause death based on demographic, 
clinical, and FBG categories were similar 
across all subgroups (p for interaction >0.04 
for all). The risk of all-cause mortality and 
MACE among patients with and without 
diabetes exhibited comparable patterns for 
continuous levels of FBG, according to 
multivariable-adjusted limited cubic splines. 
After eliminating participants who passed 
away while hospitalized, Multivariable-
adjusted limited cubic spline analysis was 
reapplied, and the results showed a similar 
shaped connection between FBG and all-
cause mortality among patients with and 
without diabetes. The outcomes of 
multivariable analysis without IPTW were 
consistent with those of the primary analyses. 
Discussion 
We looked at the mortality risks associated 
with different diabetes states when FBG 
levels rose. FBG is a crucial glycemic 
indicator for identifying a subset of "high-
risk" individuals who would likely benefit 
from secondary preventive medical 
treatment. Our results showed that the 
connection between FBG and all-cause 
mortality followed a J shape in patients with 
diabetes and a non-linear shape in people 
without diabetes when FBG was treated as a 
restricted cubic spline term. When FBG 
levels were 5.50 mmol/L for patients without 

diabetes and 10.50 mmol/L for those with 
diabetes, the mortality risk significantly 
increased. Our results showed that entry 
hyperglycemia was independently related 
with short- and long-term outcomes in AMI 
patients, regardless of diabetes status, based 
on FBG categories. 
According to certain studies, persistent 
hyperglycemia is a more reliable and 
powerful independent risk predictor than 
admission blood glucose. When 
hyperglycemia (blood glucose 8.9 mmol/L) 
lasts for more than 24 hours following the 
onset of symptoms, it is linked to both pre-
discharge left ventricular dysfunction and 
impaired myocardial perfusion, even while 
the infarct-related artery is still open [8]. 
According to a different study, high glucose 
at admission has a less correlation with 30-
day MACE than persistent hyperglycemia in 
myocardial infarction [9]. Regarding 30-day 
mortality, a prior study found that fasting 
glucose was superior to admission glucose 
[10]. The improved ability of FBG to predict 
outcomes over random glucose levels is 
likely due to variables such differences in 
calorie intake and the interval since the last 
meal. In a recent study, FBG was found to be 
an independent risk factor for the Gensini 
score in AMI patients and random blood 
glucose was found to positively correlate 
with the Gensini score in AMI patients [11]. 
Our findings show that microvascular 
dysfunction may be promoted by acute and 
persistent blood glucose rise rather than an 
underlying "diabetic state," which may lead 
to worse results. Both the initial glucose level 
and the 24-hour shift in glucose were 
significant predictors of death within 180 
days [12]. Therefore, we thought that FBG 
levels at admission might more accurately 
reflect the blood glucose rise that is still 
present and be a better indicator of clinical 
outcomes in AMI patients. There is no 
precise definition for admission 
hyperglycemia in patients with AMI or 
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appropriate cutoff values for blood glucose to 
predict adverse outcomes. Hemoglobin A1c, 
glucose-HbA1c-ratio, and stress 
hyperglycemia ratio (SHR, HbA1c, and 
GHR) were previously described as 
indicators of clinical outcomes in AMI and 
other disease processes. However, because 
thresholds were chosen at random, their ideal 
values were not made clear [4]. 
The link between hyperglycemia and adverse 
outcomes has been explained in a number of 
ways, including how diabetes or high blood 
sugar levels affect the pro-
inflammatory/oxidative and pro-thrombotic 
characteristics of arterial plaque lesions [13]. 
Both diabetes and non-diabetic 
hyperglycemia patients showed a greater rate 
of all-cause and MACE in terms of long-term 
prognosis. Similar to this, patients with 
diabetes who also had hyperglycemia 
experienced significantly greater rates of 
heart failure [14] and macrovascular sequelae 
(stroke and re-AMI). According to a recent 
study, patients who underwent thrombus 
aspiration as part of the primary percutaneous 
intervention (pPCI) for STEMI had poorer 
clinical outcomes than those who were 
normoglycemic [15]. 

Conclusion 
The results showed that admission 
hyperglycemia is a significant predictor of 
short and long-term outcomes in AMI 
patients, independent of diabetes status, 
according to diabetes status and specific 
fasting blood glucose levels. Understanding 
potential differences in the relative 
contribution of disturbed glucose metabolism 
to mortality risk following AMI due to 
diabetes status requires subgroup-specific 
measures of the relative increase in mortality 
risk. To determine how these differences 
might be included in clinical guidelines for 
the use of diabetes status-specific treatment 
recommendations across the spectrum of 
FBG, additional research is required. 
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