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Correlation of blood glucose level and blood pH value 
with cardiac enzyme, amylase and other markers  
in patients with diabetic ketoacidosis
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Abstract: Purpose: To investigate the correlation of blood glucose level and blood pH value with the cardiac enzyme, 
amylase (AMY) and other markers in patients with diabetic ketoacidosis (DKA). Methods: A total of 96 patients with 
diabetes mellitus were enrolled. According to whether these diabetic patients were accompanied with ketoacidosis, 
they were divided into 49 patients with DKA (observation group) and 47 patients only with diabetes mellitus (control 
group). Changes in blood glucose levels, blood pH values, cardiac zymetology indexes (creatine phosphokinase 
(CPK), aspartate aminotransferase (AST), creatine kinase-MB (CPK-MB) and lactate dehydrogenase (LDH) and AMY 
in the blood were detected and the correlation analysis was conducted. Results: The levels of CPK, AST, CPK-MB, 
LDH and AMY in the observation group were significantly higher than those in the control group. The fasting blood 
glucose (FBG) or 2 h postprandial blood glucose (2hPBG) levels in the observation group were significantly higher 
than those in the control group (P < 0.05). Pearson product-moment correlation coefficient (PPMCC) showed that 
the blood glucose level was positively correlated with CPK, AST, CPK-MB, LDH and AMY (P < 0.05), while the blood 
pH value was negatively correlated with CPK, AST, CPK-MB, LDH and AMY (P < 0.05). Conclusion: The persistently 
high blood glucose levels and reduced blood pH values in patients with DKA can lead to abnormal increases in car-
diac enzymes and amylases. We paid close attention to the changes in blood glucose levels and blood pH values in 
patients with DKA and took effective measures to relieve patients’ illness.
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Introduction

Diabetes mellitus is seriously threatening 
human health. It is estimated that the global 
population of diabetic patients will reach 500 
million by 2030 [1]. Diabetes complications, 
such as diabetic ketoacidosis (DKA), are diffi-
cult to be cured and potentially fatal [2]. DKA is 
mainly clinically manifested as dehydration and 
hyperglycemia metabolic acidosis [3]. DKA 
patients may have different degrees of myocar-
dial injuries, and the cardiac enzymogram is an 
important indicator of myocardial damages, 
including creatine phosphokinase (CPK), aspar-
tate aminotransferase (AST), creatine kinase-
MB (CPK-MB) and lactate dehydrogenase (LDH) 
[4, 5]. High amylase (AMY) levels is an impor-
tant indicator of pancreatitis in DKA patients, 
and the incidence rate of it combined with 
hyperamylasemia reaches 40%-75% [6]. In this 

study, blood glucose levels, blood pH values, 
cardiac enzymes and amylases were measured, 
and correlation analysis was carried out to pro-
vide a basis for the diagnosis and treatment in 
the early stage of DKA.

Materials and methods

Totally, 96 patients with diabetes mellitus type 
2 (T2DM) who were admitted to our hospital 
from January 2016 to December 2016 were 
selected. According to whether these diabetic 
patients were accompanied with ketoacidosis, 
they were divided into 47 patients only with 
T2DM (the control group) and 49 patients with 
T2DM and DKA (the observation group). 
Inclusion criteria: 1) All patients met the diag-
nostic criteria for T2DM: fasting blood glucose 
(FBG) levels ≥ 7.8 mmol/L or 2 h postprandial 
blood glucose (2hPBG) levels ≥ 11.1 mmol/L; 2) 
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DKA diagnostic criteria: urine ketone tested to 
be positive, blood ketone > 0.3 mmol/L and pH 
value by blood gas analysis < 7.35, suggesting 
the metabolic acidosis; 3) Patients signed the 
informed consent. Exclusion criteria: 1) Patients 
with chronic hepatitis A, hepatitis B, coronary 
heart disease or malignant tumors; 2) Patients 
took analgesics, diuretics, statins, aspirin tab-
lets or other non-steroidal drugs recently. This 
study was reviewed and approved by the Ethics 
Committee of our hospital. There were no sig-
nificant differences in general data between 
the two groups (P > 0.05) (Table 1).

FBG and 2hPBG were detected on the day of 
the admission of patients by the blood gl- 
ucose monitor (Guilin Zhonghui Technology 
Development Co., Ltd). Forearm arterial blood 
was collected and then placed in heparin anti-
coagulant tubes. Within 30 minutes, a PL2200 
Ruifeng blood gas analyzer (Nanjing Perlong 
Medical Equipment Co., Ltd) was used to ana-
lyze blood pH. An Abbott’s blood glucose and 
ketone analyzer (Abbott, U.S.) was used to 
detect blood ketones. An Olympus AU5400 
automatic biochemistry analyzer (Beckman 
Coulter, Inc., U.S.) was used to detect the car-
diac enzymogram, including CPK, AST, CPK-MB 
and LDH levels. If there were abnormalities, we 
would have a review every day until these 
abnormalities returned to the normal state. 
Heart-related tests were performed for all 

patients, including 12-lead electrocardiogram 
(ECG), cardiac color Doppler ultrasonography 
and left ventricular function detection, and the 
24-hour ambulatory ECG monitoring should be 
conducted if arrhythmia occurred.

The levels of CPK, AST, CPK-MB, LDH and AMY 
were measured by an automatic biochemical 
analyzer. FBG, 2hPBG and blood pH values 
were measured by blood sampling. Then the PH 
index value was determined as follows: PH < 
7.35 represented acidosis while PH > 7.45 rep-
resented alkalosis.

Data were processed using Statistical Product 
and Service Solutions (SPSS) 19.0 (SPSS Inc., 
Chicago, IL, USA) software. The measurement 
data were expressed as mean ± standard devi-
ation (

_
x  ± s) and detected by t test; count data 

were represented as ratio and detected by X2 
test. The correlation was analyzed by Pearson 
correlation coefficient. P < 0.05 represented 
that the difference was statistically significant.

Results

Cardiac enzymes and AMY indicators of pat- 
ients in both groups were compared and the 
results showed that the levels of CPK, AST, 
CPK-MB, LDH and AMY in the observation 
group were significantly higher than those in 
the control group (P < 0.05, Table 2).

Table 1. Baseline data of patients in two groups

Item Observation group  
(n = 49)

Control group  
(n = 47) t/χ2 p

Age (years old) 35~80 35~78
Gender (male/female) 29/20 27/20 0.001 0.973
Average age (years old) 57.36 ± 8.45 56.95 ± 8.13 0.242 0.809
Educational level
    Junior high school or below 16 (32.65) 15 (31.91) 0.222 0.895
    Senior high school or technical secondary school 19 (38.78) 19 (40.42)
    Junior college or above 14 (28.57) 11 (23.40)
Smoking (n, %) 19 (38.78) 18 (38.29) 0.026 0.872
Alcohol drinking (n, %) 21 (42.85) 19 (40.42) 0.318 0.573

Table 2. Comparisons of cardiac enzyme and AMY indicators between the two groups
Group Case CPK (IU/L) AST (IU/L) CPK-MB (U/L) LDH (U/L) AMY (U/L)
Observation group 49 98.95 ± 15.13 73.97 ± 21.47 17.76 ± 3.38 165.79 ± 23.78 94.64 ± 9.62
Control group 47 43.69 ± 9.06 18.93 ± 9.36 4.43 ± 1.27 129.73 ± 20.16 85.31 ± 9.15
t 21.597 16.161 25.370 7.998 4.865
p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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After the comparisons of blood glucose levels 
and blood pH values between the two groups, it 
could be found that the levels of FBG and 
2hPBG in the observation group were signifi-
cantly higher than those in the control group (P 
< 0.05), while the blood pH value in the obser-
vation group was significantly lower than that in 
the control group (P < 0.05, Table 3).

The correlation of blood glucose levels with car-
diac enzyme and amylase indicators was ana-
lyzed by Pearson correlation coefficients. The 
results showed that blood glucose levels were 
positively correlated with the levels of CPK, 
AST, CPK-MB, LDH and AMY (P < 0.05, Figure 1; 
Table 4).

The correlation of blood pH values with CPK, 
AST, CPK-MB, LDH and AMY was analyzed by 
Pearson correlation coefficients. Blood glucose 
levels were negatively correlated with the levels 
of CPK, AST, CPK-MB, LDH and AMY (P < 0.05, 
Table 5; Figure 2).

Discussion

DKA is one of the common complications of 
diabetes, and it is a clinical syndrome repre-
sented as the imbalance between water-elec-
trolytes and acid-base equilibrium caused by a 
serious lack of insulin, mainly characterized by 
dehydration and hyperglycemia metabolic aci-
dosis [7]. DKA occurs when acute diabetes of 
patients become severe. At that time, the blood 
glucose is significantly increased, insulin lacks 
activity, the blood ketone body is elevated and 
the ketone excretion is increased. When it 
occurs, the body is in the state of hypoxia and 
dehydration with relatively low immune resis-
tance, so patients often fall into high blood 
potassium or low blood sodium state. With the 
progression of the disease, patients will suffer 
mental disorders, coma and other symptoms 
and even die [8]. DKA has many inducing  
factors, including alcohol, improper diet, acu- 

acetyl-CoA outside the tricarboxylic acid cycle 
so as to be condensed into a ketone body. 
Decreased effective insulins in the body lead to 
decreased protein synthesis and increased 
blood ketone amino acid, thus further increas-
ing blood ketones. Increased insulin antagonist 
hormones in the body enable a large number of 
free fatty acids to enter the blood circulation, 
thus causing the unlimited oxidation and 
decomposition of fatty acids in the liver and 
generating a large number of ketones. The for-
mation of β-hydroxybutyric acid, acetoacetic 
acid and acetone leads to the metabolic acido-
sis finally [10, 11].

Cardiac enzymes are collectively referred as a 
variety of enzymes in the myocardium and 
include CPK, AST, CPK-MB and LDH. CPK is 
mainly distributed in the skeletal muscle and 
myocardium of the human body and is the main 
phosphorylase that can form energy. It can pro-
vide energy sources for muscle contraction and 
transportation system [12]. AST is a relatively 
important transaminase mainly distributed in 
the cardiomyocytes and liver. When the tissue 
is damaged, the serum AST concentration 
increases, so it is often used as an indicator of 
disease diagnosis and prognosis [13]. CPK-MB 
is a dimer of two subunits of creatine phospho-
kinase (CK), which is mainly distributed in the 
myocardium and its serum concentration 
increases when the myocardium gets injured 
[14]. When DKA occurs, the hypertonic state of 
hyperglycemia can lead to ischemia, hypoxia 
and myocardial injury. The results of this study 
showed that the levels of CPK, AST, CPK-MB 
and LDH in the observation group were signifi-
cantly higher than those in the control group (P 
< 0.05) as the occurrence of DKA put the body 
into the dehydrated state, thus leading to 
hypoxia and ischemia of myocardial tissues. 
Meanwhile, the high osmotic pressure of the 
hyperglycemia will increase the permeability  
of the cell membrane and cell metabolism 

Table 3. Comparisons of blood glucose levels (mmol/L) and blood 
pH values between the two groups
Group Case (n) FBG (mmol/L) 2hPBG (mmol/L) pH
Observation group 49 9.98 ± 3.15 13.48 ± 3.35 7.28 ± 0.19
Control group 47 7.83 ± 3.04 11.45 ± 3.23 7.39 ± 0.17
t 3.401 3.020 2.985
p 0.001 0.003 0.004

te pancreatitis, myocardial 
infarction, drugs and other 
factors [9]. The mechanism 
of DKA is that when the 
acute diabetes occurs, the 
glucose metabolism beco- 
mes seriously disordered, 
thus making oxaloacetates 
deficient and keeping the 
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becomes disordered, resulting in mitochondrial 
necrosis and cell apoptosis so as to increase 
the release of intracellular cardiac enzymes, 
thus making the abnormal increase in cardiac 
enzymes.

AMY mainly derives from the salivary glands 
and pancreas [15]. Normally, AMY will be 
cleared by the mononuclear-macrophage sys-
tem and excreted by the kidneys [16]. The 
results of this study showed that the level of 

Figure 1. Pearson correlation coefficients show 
that blood glucose levels are positively corre-
lated with the levels of CPK, AST, CPK-MB, LDH 
and AMY (P < 0.05). A. CPK; B. AST; C. CPK-MB; 
D. LDH; E. AMY.
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AMY in the observation group was significantly 
higher than that in the control group (P < 0.05). 
As the occurrence of DKA leads to the disorder 
in the body’s normal metabolism and increased 
fat mobilization, lecithin and free fatty acids 
were increased. As such, the pancreas continu-
ously decomposes AMY, resulting in the 
increased pancreatic acinar leakage of AMY. 
Meanwhile, high blood glucose leads to micro-
vascular atherosclerosis even triggering micro-
circulation disorder. Besides, necrotic pancre-
atitis may be emergence, and further lead to 
the increasing of AMY levels [17].

The pH value, also known as the hydrogen ion 
concentration index, is a measure of the degree 
of acid ion activity in the solution [18]. Human 
blood pH normal value is ranged from 7.35 to 
7.45, so the process of maintaining the blood 
pH in this range is called acid-base balance. 
The blood PH < 7.35 represents the acidosis. 
The results of this study showed that the blood 
pH in the observation group was significantly 
lower than that in the control group (P < 0.05) 
as the concentrations of cortisol, catechol-
amines, growth hormone and glucagon and 
other negative regulatory hormones in diabetic 
patients were increased, thus leading to DKA. 
Acetoacetic acid and β-hydroxybutyric acid are 
acidic metabolites, which will consume the 

reserved bases of the body, but with the prog-
ress of the disease, the blood PH value is 
declining, thus leading to the occurrence of 
decompensated DKA.

The results of this study shows that blood glu-
cose levels are positively correlated with CPK, 
AST, CPK-MB, LDH, AMY levels (P < 0.05), 
because CPK, AST, CPK-MB and LDH reflect the 
degree of myocardial injuries. High blood glu-
cose levels of patients with DKA lead to neuro-
logical capillary disease and damaged vagal 
and sympathetic nerves, which leads to the 
increased pain threshold, malignant arrhyth-
mia and sudden death. At the same time, con-
tinuously elevated blood glucose levels lead to 
the formation of sugar products, affect the 
hemodynamic and cell signaling pathways and 
result in thickened basement membranes, 
endothelial injuries, and the formations of 
microvascular tumors and microthrombosis, 
thus leading to microcirculation disorders and 
tissue hypoxia [19]. The anaerobic glycolysis in 
myocardial tissues will be increased in the 
state of hypoxia and ischemia, resulting in the 
accumulation of a large number of acidic 
metabolites in cells caused by cell acidosis, 
and as the blood glucose leads to intracellular 
calcium overload, potassium channel density is 
decreased, thus resulting in myocardial inju-
ries, so blood glucose levels are positively cor-
related with the levels of CPK, AST, CPK-MB 
and LDH. In the high-glucose and high-stress 
state, the hypoxia and abnormal metabolism of 
arachidonic acid caused by the abnormalities 
of the red blood cell oxygen-carrying system 
cause the pancreatic function to be disturbed 
and lead to pancreatic injuries, thus increasing 
AMY levels.

The results of the study showed that blood pH 
values were negatively correlated with the lev-
els of CPK, AST, CPK-MB, LDH and AMY (P < 
0.05) as when DAK occurrs, the continuous 
decrease in pH values results in acidosis and 
acid base imbalance followed by severer acido-
sis, thus resulting in hypercalcemia and severe 
systemic dehydration caused by high osmotic 
pressure. This obstructs the exclusion of pan-
creatic fluid, causing pancreatitis, so that the 
release of AMY was increased. Hyperkalemia 
affects the balance of internal and external 
potentials and cardiac conduction, resulting in 

Table 4. Correlation analysis of blood glucose 
levels with cardiac enzyme and amylase 
indicators
Item r p
CPK 0.418 0.023
AST 0.401 0.027
CPK-MB 0.418 0.013
LDH 0.394 0.025
AMY 0.317 0.017

Table 5. Correlation analysis of blood pH 
values with cardiac enzyme and amylase 
indicators
Item r p
CPK -0.516 0.014
AST -0.501 0.023
CPK-MB -0.508 0.005
LDH -0.415 0.017
AMY -0.301 0.016
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elevated CPK, AST, CPK-MB and LDH, so the 
levels of CPK, AST, CPK-MB and LDH are con-
tinuously increased with decreased blood pH 
values. They are negatively correlated.

In summary, there is a certain correlation of the 
blood glucose levels and blood pH values of 
patients with DKA with the levels of cardiac 
enzymes and amylases, which provides a refer-
ence for the levels of myocardial and pancreat-

ic damages of patients when DKA occurs in the 
early stage.
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Figure 2. Pearson correlation coefficients show 
that blood pH values are negatively correlated 
with the levels of CPK, AST, CPK-MB, LDH and 
AMY (P < 0.05). A. CPK; B. AST; C. CPK-MB; D. 
LDH; E. AMY.
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