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Abstract 

Objectives: This study aimed to determine the correlation between admitting hyperglycemia and hospital outcome, on 
the length of hospital stay and mortality on patients who underwent PCI. 

Methodology: A single center, retrospective observational study involving patients who underwent percutaneous 
coronary intervention (PCI). They were divided in four (4) groups according to presence of admission hyperglycemia 
(capillary blood glucose >140mg/dl) and presence of diabetes: Group 1 (patients with diabetes with admission 
hyperglycemia), Group 2 (patients without diabetes with admission hyperglycemia), Group 3 (patients with diabetes without 
admission hyperglycemia), and Group 4 (patients without diabetes without admission hyperglycemia). Length of hospital 
stay and mortality outcome were compared between four groups and in-hospital mortality related risk factors were 
analyzed by binary logistic regression analysis. 

Results: 133 patients were included in the analysis, of which 50% have admission hyperglycemia. The length of hospital 
stay was significantly longer in patients with admission hyperglycemia (12 vs 9 vs 7 vs 7 days, p= 0.006). The mortality rate 
between 4 groups were non-significant (14% vs 10% vs 9% vs 11%, p=0.272). Multiple logistic regression analysis showed 
the following were associated with increased mortality in patients who underwent PCI: age (odds ratio [OR] 1.1265, 95%CI 
1.0497 – 1.2090, p=0.001), capillary blood glucose on admission (OR 1.0077, 95% CI 1.0015 – 1.0140, p= 0.015), presence 
of ST elevation on ECG (OR 16.5671, 95% CI 3.4161 – 80.344, p=<0.001). 

Conclusion: An elevated admission capillary blood glucose, regardless of presence or absence of diabetes, was associated 
with longer length of hospital stay; however, it was not predictive of in-hospital mortality. Interestingly, patients with 
admitting hyperglycemia had earlier mortality. 
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Introduction 

Hyperglycemia is defined as blood glucose greater than 
140 mg/dl.1 Glucose metabolism is maintained by 
different interactions of glucoregulatory hormones – 
insulin and counterregulatory hormones. Hyperglycemia 
results from presence of excessive counterregulatory 
hormones (glucagon, growth hormone, catecholamines, 
and glucocorticoid) and elevated cytokines, which results 
in the failure of insulin to suppress hepatic 
gluconeogenesis.2,3 

In-hospital hyperglycemia, in patients with and without 
diabetes, was noted to be associated with an increased 
risk of complications and mortality, longer hospital stays 
and higher rates of admission in the ICU as well as a 
higher need for transition care after discharge.1 Stress 
hyperglycemia is common in critically ill patients and is 
noted to be a marker of disease severity. Critically ill and 
non-critically ill patients have demonstrated a strong 
association between stress hyperglycemia and poor 
clinical outcomes in terms of mortality, morbidity, length 
of stay, infections and overall complications.4-11 

The predictive value of admission hyperglycemia to the 
prognosis of patients with acute coronary syndrome 
(ACS) have been conflicting in several studies.1,6,21,25 

There is less research on whether admission 
hyperglycemia has influence in the prognosis of ACS 
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patients undergoing percutaneous coronary intervention 
(PCI) treatment.  It also has not been well-established 
whether admission hyperglycemia is by itself a risk factor 
or a marker of illness severity. Therefore, this study aims 
to know the correlation between admitting blood 
glucose and hospital outcome, on the length of hospital 
stay and in-hospital mortality, of patients who underwent 
PCI.  

Operational definition of terms 

1. Admission hyperglycemia – presence of >140 
mg/dl capillary blood glucose12 

2. Presence of dyslipidemia–presence of 
>70mg/dl low density lipid (LDL) , or statin as 
maintenance  

3. ST elevation Myocardial infarction (STEMI) – 
criteria for ST elevation MI on ECG are “presence 
of new ST-segment elevation at the J point in 2 
contiguous leads with the cutoff point as greater 
than 0.1mV in all leads other than V2 or V3, in 
V2-V3 leads, the cutoff point is greater than 0.2 
mV”. STEMI is also considered in the presence of 
a new left bundle branch block.22 

4. Positive troponin level – troponin level of >0.4 
ng/ml in a patient presenting with chest pain 

5. Smoking History – a person who was a previous 
smoker or a current smoker 

Methods 

This was a single-center, retrospective, observational 
study done in a 660-bed capacity tertiary hospital in 
Cebu City. The study subjects included patients with 
admitting capillary blood sugar who subsequently 
underwent PCI between January 2018 to November 
2019. Patients who came in for symptoms of acute 
coronary syndrome and/or coronary artery disease, who 
subsequently underwent PCI. The study excluded 
patients who were scheduled for PCI, but without 
admission capillary blood glucose taken. Patients who 
were transferred for PCI. Patients who underwent PCI 
however transferred to another institution during the 
course of the admission. Patients whose medical records 
can’t be retrieved. 

Study Procedure: All patients who underwent PCI from 
January 2018 to November 2019 were obtained and 
charts were reviewed. Admitting capillary blood glucose 
(CBG) levels were noted. Patients were classified into four 
(4) groups, based on their history of diabetes and their 
blood glucose level on admission: 

Group 1: Patients with diabetes with admission 
CBG > 140 mg/dl 

Group 2: Patients without diabetes with admission 
CBG >140 mg/dl 

Group 3: Patients with diabetes with admitting 
CBG ≤140 mg/dl 

Group 4: Patients without diabetes with admitting 
CBG ≤140 mg/dl 

Patients’ clinical data regarding: age, gender, capillary 
blood glucose on admission, hemoglobin A1C (if 
present), presence of diabetes, hypertension, presence 
of dyslipidemia, positive or negative troponin status (if 
present), admitting creatinine level, smoking history, 
presence of ST elevation on ECG, vessels involved on 
angiography were obtained. The length of hospital stay 
and in-hospital mortality were analyzed among the four 
groups.  

Ethical Considerations.  The clinical protocol and all 
relevant documents were reviewed and approved by 
Chong Hua Hospital Institutional Ethics Review 
Committee. As respect to patient confidentiality, 
anonymity of patient records was ensured by assigning a 
unique code to each patient. The principal investigators 
were responsible for the integrity of the data that was 
recorded. Data collection forms were compiled and 
stored in an envelope. Data was tabulated in Microsoft 
Excel format and kept and filed by the principal author 
for 5 years before they are discarded.  

Sample Size Calculation: Based on a level of 
significance of 5% and 7.5% desired half-width of the 
confidence intervals, a minimum of 113 patients were 
required for this study based on the 20.89% prevalence 
of mortality a month patient with undiagnosed diabetes.1 

Data Processing and Analysis: Analysis was conducted 
using SPSS software. Data was expressed as mean values 
±standard deviation for continuous variables and as 
percentages for categorical variables, and differences 
among the groups will be determined using Student’s t-
test. Frequencies and proportions will be reported for 
categorical variables and will be compared using chi-
squared test. A two-tailed p value of <0.05 was 
considered to indicate statistical significance. One-way 
ANOVA with Tukey HSD test was used for post hoc 
analysis. Binary logistic regression analysis was used to 
examine determinants of in-hospital mortality and a 
multivariate analysis was done to determine the final 
model. Missing values were neither replaced nor 
estimated. Variables used for analysis included age, 
gender, capillary blood glucose on admission, diabetes 
medications, hypertension, presence of dyslipidemia, 
troponin status, admitting creatinine level, smoking 
history, presence of ST elevation on ECG, and vessels 
involved on angiography. The strength of association of 
glycemic status was assessed by comparison of the three 
groups with abnormal blood glucose profile to the Group 
4 patients who had no diabetes and with admitting CBG 
≤140 mg/dl.  

Results 

Two hundred sixty-four patients underwent 
percutaneous coronary intervention from January 2018 
to December 2019. There were 132 patients excluded, of 
which 125 patients did not have admission blood 
glucose, 3 patients were transferred to another 
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institution, 3 patients were transferred from another 
institution, and 1 patient with missing record.  

A total of 132 patients were divided according to the 
presence or absence of diabetes with or without 
admitting hyperglycemia. Group 1 had 56 (42.42%) 
patients with admission capillary blood glucose (CBG) 
>140 mg/dl and diabetes. Group 2 had 10 (7.58%) 
patients with admission CBG >140 mg/dl and non-
diabetic. Group 3 had 22 (16.67%) patients with 
admission CBG ≤140 mg/dl and diabetes, and group 4 
had 44 (33.33%) patients with admission CBG ≤140 
mg/dl and non-diabetic. 

For the length of hospital stay, 116 patients were 
analyzed, while 16 were analyzed for in-hospital 
mortality. 

Patient Characteristics: Admission hyperglycemia was 
observed in 50% of the study population. The prevalence 
of diabetes in the study group was 59%. Patients’ 
characteristics were presented into 4 study subgroups, as 
shown in Table I. The average age was 64 years old and 
males comprised 74% of the study population. The table 
also showed that the admitting capillary blood glucose 
(CBG) (245 mg/dl vs 177 mg/dl vs 111 mg/dl vs 111 
mg/dl respectively with a p <0.001) and HbA1c (8.13% vs 
5.68% vs 6.34% vs 5.69% with a p <0.001) were 

statistically significant. Left main involvement was more 
frequently noted in patients with diabetes.  

The rest of the patients’ clinical profiles were statistically 
the same; age, sex, presence of dyslipidemia, 
hypertension, smoking history, creatinine value, 
presence of infection before or during admission and 
presence of ST elevation MI. 

While admission blood glucose and HbA1c were highest 
in group 1, HbA1c was lowest in group 2. Patients in 
group 3 had good diabetes control as reflected by a 
mean HbA1c of 6.23%. 

Length of hospital stay.  One hundred and sixteen 
patients were analyzed for the length of hospital stay. 
Table II showed that admitting blood glucose as well as 
the total number of hospital days were highest in Group 
1. Figure 1 is a scatter plot showing admitting glucose 
and the length of hospital stay in the four groups. 

In-Hospital Mortality.  Sixteen patients were analyzed for 
in-hospital mortality, with a mean duration of 9 days 
hospital stay, these are shown in Table III. The in-hospital 
mortality of the 4 groups were the same.  Group 4 had 
oldest mean age of 79 years old, while group 2 had the 
youngest mean age of 61 years old. Patients with 
admission hyperglycemia regardless of the presence of 
diabetes (Group 1 and Group 2) had earlier mortality, 

Table I. The demographic profile of patients who underwent percutaneous coronary intervention, n=132 

Parameter 

Admission CBG >140 mg/dl 
Frequency (%); Mean + SD 

Admission CBG ≤140 mg/dl 
Frequency (%); Mean + SD p-value Diabetic patients 

(n = 56) 
Non-diabetic patients 

(n = 10) 
Diabetic patients 

(n = 22) 
Non-diabetic patients 

(n = 44) 
Age, in years 64 ± 10.21 65 ± 12.10 63 ± 9.73 65 ± 13.36  0.964 
Sex, Male, n (%) 40 (71) 7 (70) 14 (64) 37 (84) 0.896 
Capillary Blood Glucose on Admission, 
mg/dl 245 ± 101.3 177 ± 27.82 111 ±14.36 111 ± 15  <0.001 
HbA1c, % 8.13 ± 1.61 5.68 ± 0.39 6.34 ± 0.91 5.69 ± 0.37 <0.001 
Presence of Dyslipidemia, n (%) 25 (45) 2 (20) 16 (73) 18 (41)  0.331 
Hypertension, n (%) 47 (83.98) 7 70.00) 20 (90.91) 35 (79.55)  0.972 
Smoking History, n (%) 17 (30) 4 (40) 7 (32) 16 (36)  0.949 
Creatinine Value, mg/dl 1.72 ± 1.78 1.29 ± 0.31 2.34 ± 2.46 1.32 ± 0.68  0.092 
Presence of ST elevation on ECG, n (%) 24 (43) 5 (50) 6 (27) 24 (55)  0.594 
Infection prior to admission, n (%) 1 (2) 0 3 (14) 7 (16)  0.070 
Infection during admission, n (%) 24 (43) 2 (20) 3 (14) 9 (20)  0.162 
Coronary Vessels involved on Angiography, n (%) 

Left main 8 (14) 0 6 (27) 1 (2) 0.037 
Left circumflex 31 (55) 7 (70) 14 (64) 18 (41) 0.686 
Left anterior descending 49 (88) 6 (60) 17 (77) 36 (82) 0.928 
Right coronary 40 (71) 3 (30) 13 (59) 21 (48) 0.486 

 
Table II. Admitting capillary blood glucose (Mean + SD) and length of hospital stay in patients 

who underwent percutaneous coronary intervention, n: 116 

Characteristics 
Admission CBG >140 mg/dl Admission CBG ≤140mg/dl 

p-value Diabetic patients 
(n = 48) 

Non-diabetic patients 
(n = 9) 

Diabetic patients 
(n = 20) 

Non-diabetic patients 
(n = 39) 

Admitting Blood Glucose 235 ± 89.02 180 ± 27.23 109 ± 13.4 110 ± 14.7 <0.001 
Total no. of days in Hospital Stay 12 ± 8.54 9 ± 5.04 7 ± 3.52 7 ± 4.61 0.006 
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compared to those without admission hyperglycemia. 
Figure 2 depicts the relationship between length of 
hospital stay and mortality. 

Factors associated with mortality: Table IV demonstrated 
a simple logistic regression analysis of the factors 
associated with mortality in patients who underwent PCI. 
In this study, age, admission capillary blood glucose, 
positive troponin I levels and presence of ST segment 
elevation on ECG were associated with the risk of 
mortality. Table V showed the final multivariate logistic 
regression analysis, increasing age of the patient is 
significant with adjusted odds ratio of 1.13, admission 
capillary blood glucose levels is also significant with 
adjusted odds ratio of 1.0077, while the presence of ST 
segment elevation on ECG had adjusted odds ratio of 16 
times higher than the absence of ST segment elevation. 

Discussion 

Admission hyperglycemia was noted in patients with and 
without diabetes who underwent percutaneous coronary 
intervention. In this study, 50% of the patients had 
admission hyperglycemia, in which 85% were patients 
with diabetes. As observed in some observational study, 
as much as 75% of patients with diabetes had admission 
hyperglycemia.16-18 Males comprised 71% of the study 
population, the prevalence of ischemic heart disease was 
higher in men than in women. This could be because 
women are relatively protected from apoptosis and are 
noted to have experienced less cardiac remodeling than 
men, women were also noted to have more non-

obstructive coronary artery disease than men.19Patients 
with diabetes with admission hyperglycemia had the 
highest blood glucose on admission as well as HBA1C 
levels compared to the other groups. Left main vessel 
involvement was also higher in patients with diabetes 
regardless of admitting glucose levels, similar findings 
were observed in a study review involving patients with 
stable angina or acute coronary syndrome.19 

For the length of hospital stay, 84% of the patients with 
admission hyperglycemia were patients with diabetes. It 
was also determined that admission hyperglycemia, 
regardless of presence or absence of diabetes was 
associated with longer length of hospital stay (12 days vs 
9 days vs 7 days vs 7 days with a p=0.008). Similar 
findings were noted in Taiwan, noting longer duration of 
hospital stay in STEMI patients with admission 
hyperglycemia after PCI. Among patients not known to 
have diabetes, hyperglycemia might reveal previously 
undiagnosed diabetes, stress hyperglycemia or 
combination of both. Stress hyperglycemia might be one 
of the explanations for the longer hospital stay in patients 
not diagnosed with diabetes presenting with elevated 
admission capillary blood glucose (9 days).20 Stress 
hyperglycemia has been associated with inducing 
arrhythmias, impaired left ventricular function, larger 
infarct size, increased platelet activation, activation of 
blood coagulation.22 

In this study, it was noted that patients with diabetes but 
with admission CBG of ≤140 mg/dl had a short length of 

hospital stay (7 days), these patients also had good 
diabetes control as reflected by a mean HBA1C of 
6.34. This result was also reflected in a study by 
Corpus et al, noting optimal glycemic control 
being associated with improved clinical outcome 
after PCI.23 

Contrary to several studies, our results showed no 
increase in in-hospital mortality in patients with 
admission hyperglycemia compared to those with 
euglycemia on admission.6,8,20 These could 
probably be due to enhancement in acute clinical 
care, advances in more intensive medical 
procedures like revascularization approaches, as 
reflected by a study done in the United States 
noting a substantial decline in diabetes-related 
complications in the past two decades.24 
Interestingly, a study by Whitcomb et al. revealed 
that admission hyperglycemia was not significantly 

Table III. Mortality characteristics of patients who underwent PCI, n=16 

Characteristics 
Admission CBG >140 Admission CBG ≤140 mg/dl 

p value Diabetic 
(Group 1) 

Non-diabetic 
(Group 2) 

Diabetic 
(Group 3) 

Non-diabetic 
(Group 4) 

Mortality (%) 8 (14) 1 (10) 2 (9) 5 (11) 0.272 
Age, years (SD) 64 ± 5.97 61 77 ± 7.5 79 ± 10.5 0.018 
Admission CBG mg/dL 253 ± 83.4 146 129 ± 10 114 ± 12.8 0.032 
Duration of hospital stay, days 3 ± 1.97 1 16 ± 3.5 17 ± 13.81 0.004 

 
 

 

Table IV. Factors associated with mortality in patients who 
underwent PCI using simple logistic regression 

Factor Odds Ratio (95% CI) p-value 
Age 1.0617 (1.0096 - 1.1165) 0.020 
Capillary Blood Glucose on admission 1.0047 (1.0002 - 1.0093) 0.043 
Positive Troponin I 9.1667 (1.1699 - 71.827) 0.035 
Presence of ST elevation on ECG 6.8370 (1.8452 - 25.333) 0.004 

 
Table V.  Factors associated with mortality in patients who 

underwent PCI using multiple logistic regression 
analysis 

Factor Odds Ratio (95% CI) p-value 
Age 1.1265 (1.0497 - 1.2090) 0.001 
Capillary Blood Glucose on admission 1.0077 (1.0015 - 1.0140) 0.015 
Presence of ST elevation on ECG 16.5671 (3.4161 - 80.344) <0.001 
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associated with elevated mortality among patients with 
previous history of diabetes. In that study, they noted a 
statistically significant lower mortality rates in patients 
with admission hyperglycemia with diabetes relative to 
those with euglycemic patients. It is highly possible these 
patients with known diabetes and admission 
hyperglycemia are likely to receive intensive insulin 
treatment during their stay.25  

In addition, we also determined that admission capillary 
blood glucose of >140 mg/dl, regardless of presence or 
absence of diabetes, was associated with earlier 
mortality. In our study, patients with admission 
hyperglycemia (groups 1 and 2) had earlier mortality, 
hence shorter hospital stay, compared to patients who 
were euglycemic on admission (group 3 and 4). Poor 
outcome in patients with diabetes with admission CBG 
>140 mg/dl is primarily related to the harmful effects of 
diabetes on myocardium.8 

In this study, it was determined that age, presence of ST 
elevation myocardial infarction and admission capillary 
blood glucose level were associated with in-hospital 
mortality. Similar results were also found in several 
studies.1,4,5,8,10,21,26 A study in Japan also noted similar 
findings noting admission hyperglycemia irrespective of 

the presence or absence of diabetes was an independent 
predictor of in-hospital mortality.8 In similar studies in 
Taiwan, the authors found out that in-hospital mortality 
rate was even higher in patients without previously 
known diabetes with admission glucose levels of 
≥250mg/dl.20 Similar findings were also noted in a study 
in Spain that admission blood glucose ≥140mg/dl 
exhibited a 2-fold increase of in-hospital mortality risk 
irrespective of diabetes mellitus status.27  

Conclusion 

Admission hyperglycemia was associated with longer 
length of hospital stay, however, was not associated with 
increased in in-hospital mortality, in patients who 
underwent percutaneous coronary intervention. Age, 
admission hyperglycemia and presence of ST elevation 
MI were associated were predictors of mortality.  

Interestingly, admission hyperglycemia was associated 
with earlier mortality.  

These findings emphasize the steady need for aggressive 
risk reduction and integrated management of care in 
people with diabetes. 

Limitations and Recommendations 

This study has several limitations. First, the data 
retrieval was retrospective in nature, hence, the 
information is limited to what was written on the 
patient’s charts. Furthermore, many charts were 
excluded due to the absence of admission 
capillary blood glucose, patients transferred to 
another institution and were transferred from 
another institution. In addition, the retrospective 
design of this study prevented further analysis of 
factors related to the outcome. Although the 
sample size was met with this study, a longer 
prospective and larger size is recommended to 
further elucidate the effects of admission 
hyperglycemia in a tertiary hospital setting. 

There were only 4 elective procedures in this 
study, thus this did not make an impact on the 
result. 
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Figure 1. Scatterplot of Admission capillary blood sugar and 

Length of Hospital Stay 
 

 
Figure 2. Mortality and duration of hospital stay of the four 

groups based on Admitting CBG and presence of 
diabetes 
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