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SUMMARY 

 
The aim of this study was to analyze the values of biochemical parameters in patients with diabetic 

ketoacidosis and ketonuria.  

In this prospective comparative study conducted at the Clinical Center of the University of Sarajevo, 

hundred patients of both genders with diabetes mellitus were enrolled. Newly diagnosed diabetic patients with 

complications like acute ketoacidosis (n = 50) and ketonuria (n = 50) were included in this study and compared.  

The values of biochemical parameters in these patients were analyzed.  

We found that mean values of pH, base excess, hydrogencarbonate, sodium, glucose, urea and creatinine 

concentrations in patients with ketoacidosis were significantly different compared to patients with ketonuria. The 

values of potassium and calcium serum concentrations were not significantly different. Also, values of pH, base 

excess, as well as concentrations of hydrogencarbonate, sodium, potassium, calcium, glucose, urea and creatinine 

were not significantly different between male and female patients with diabetic ketoacidosis. 

In patients with diabetic ketonuria we found a correlation between admission glucose concentration and 

acid-base balance. 
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INTRODUCTION 

 

Diabetes mellitus is a serious, public health prob-

lem in many countries. Diabetes is a group of metabolic 

diseases characterized by hyperglycemia resulting from 

defects in insulin secretion, insulin action, or both. The 

cytokines affect the metabolism of glucose, either direct-

ly or indirectly by activating endocrine signaling path-

ways (1). The chronic hyperglycemia of diabetes is as-

sociated with long-term damage, dysfunction, and fai-

lure of different organs, especially the eyes, kidneys, 

nerves, heart, and blood vessels. There are two major 

clinical syndromes: one characterized by insulin depen-

dence and early age of onset with weight loss and ke-

tonuria, and the second characterized by relatively later 

onset, insensitivity to insulin and partial insulin defi-

ciency (2).  

Hyperglycemia results in osmotic diuresis that 

leads to decreasing in volume of plasma and dehydra-

tion, which is characteristic for diabetic ketoacidosis (3). 

Despite normal or high initial concentration of potas-

sium, total body potassium concentration decreases due 

to increased diuresis. The value of sodium concentration 

is low because intracellular fluid passes to blood plasma 

due to hyperglycemia. Low values of hydrogencarbo-

nate concentration are common in high hydrogen con-

centrations (low pH) and patients in ketoacidosis (pH 7.1 

or lower) are treated with hydrogencarbonate therapy 

(4). Low hydrogencarbonate concentrations may have 

negative impact on physiological function of the left ven-

tricle via paradoxical acidification of heart cells because 

CO2 enters faster in cells than hydrogencarbonate ions 

(5). Creatinine and urea are significantly increased due 

to hypovolemia and body dehydration (6). The cell in-

ability to utilize glucose due to insulin lack results in cell 

starving and organism switches to other metabolic me-

chanisms to produce energy, like fat catabolism. Degra-

dation of keton bodies takes place in blood, causes a fall 

of pH value and has a negative effect on the normal fun-

ction of vital organs; also, high concentrations of glucose 

have negative impact on pH value (7, 8).  

Diabetes mellitus complications are present in 

both acute and chronic form. Diabetic ketoacidosis is a 

severe form of metabolic disorder, which results in a fall 

of pH value under 7.25 or in fall of hydrogencarbonate 

concentration under 17 mmol/l. A hypoglycemic crisis is 

the most common acute complication in the diabetic pa-

tients. A hypoglycemic crisis usually occurs when the 

concentration of glucose in blood is under 2.5 mmol/l (9). 

The severe form of hypoglycemic disorder is a hypogly-

cemic coma (10). Macroangiopathic complications are 

atherosclerosis (internal damage of epithelial cells and a 

process of thickening of blood vessels), myocardial in-

farction (heart attack), coronary insufficiency, arterial hy-

pertension, macroangiopatic changes in large vessels on 

the lower extremities (11). Microangiopthic changes 

occur on the larger blood vessels and manifest as: retino-

pathy, nephropathy, polyneuropathy, microangiopathic 

changes in small vessels in foot and diabetic foot (12). 

The aim of this research was to analyze the values of bio-

chemical parameters in patients with diabetic ketoacido-

sis and ketonuria. 

 

PATIENTS AND METHODS 

 

This was prospective comparative study conduct-

ed in the Clinic for Endocrinology, Diabetes and Meta-

bolic Diseases at the Clinical Center of the University of 

Sarajevo. One hundred patients of both genders (50 

males and females) were enrolled in this study with a 

diagnosis of diabetes mellitus in the period from May 

2011 to May 2015. Newly diagnosed diabetic patients 

between the age of 18 and 65, with complications like 

acute ketoacidosis (n = 50) and ketonuria (n = 50) were 

included in this study. Data regarding gender, age and 

risk factors were taken from the medical records. The 

values of biochemical parameters such as pH and base 

excess value, concentrations of hydrogencarbonates, po-

tassium, sodium, calcium and glucose were obtained on 

biochemical autoanalyzer Dimension RXL Max (Sie-

mens, USA). Blood pH values were measured in arterial 

blood with autoanalyzer ABL 800 FLEX blood gas ana-

lyzer (Radiometer, Denmark). The procedures were in 

accordance with the Helsinki Declaration and the ethical 

standards of the institutional ethical committee. Pre-

paration and storage of data for statistical analysis were 

made in Microsoft Excel 2010. Statistical analysis was 

performed in IBM SPSS Statistics 20.0 software package. 

Descriptive statistic was presented in tables by the per-

centage, the mean, and the median. About 95% con-

fidence interval and 5% absolute precision were used in 

this study. 

 

RESULTS 
 

The obtained mean pH and base excess values, as 

well as concentrations of hydrogencarbonate, potassium, 
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sodium, calcium, glucose, creatinine and urea are pre-

sented in Table 1.  

When we compared the two groups of patients, 

patients with diabetic ketoacidosis and ketonuria comp-

lications, we found that the values of pH, base excess, 

hydrogencarbonate, glucose, urea and creatinine concen-

trations showed statistical significance, while potassium, 

sodium and calcium concentrations did not show signi-

ficat differencies.  

 

 

Table 1. Statistical significance of biochemical parameters in patients with  

diabetic ketoacidosis and ketonuria 

 

 

  
t-test ANOVA 

p sig p sig 

pH 
KA* 7.1 

0.00 p < 0.05 0.00 p < 0.05 
KN** 7.4 

HCO3- 

(mmol/l) 

KA 8.2 
0.00 p < 0.05 0.00 p < 0.05 

KN 24.5 

Base 

excess 

KA - 20.4 
0.00 p < 0.05 0.00 p < 0.05 

KN - 1.5 

Na+ 

(mmol/l) 

KA 136.2 
0.20 p < 0.05 0.69 p < 0.05 

KN 136.7 

K+ 

(mmol/l) 

KA 4.2 
0.46 p < 0.05 0.51 p < 0.05 

KN 4.1 

Ca2+ 

(mmol/l) 

KA 2.2 
0.22 p < 0.05 0.44 p < 0.05 

KN 2.3 

GLU 

(mmol/l) 

KA 31.7 
0.01 p < 0.05 0.02 p < 0.05 

KN 25.7 

Urea 

(mmol/l) 

KA 12.2 
0.00 p < 0.05 0.00 p < 0.05 

KN 7.4 

Creatinine 

(μmol/l) 

KA 154.4 
0.01 p < 0.05 0.02 p < 0.05 

KN 101.6 

KA* - ketoacidosis           

KN** - ketonuria 

 

 

Mean values and statistical significance of pH and 

base excess, concentrations of hydrogencarbonate, potas-

sium, sodium, calcium, glucose, urea and creatinine in 

male patients with diabetic ketoacidosis and ketonuria 

are presented in Table 2.  

Values of pH, base excess, concentrations of glu-

cose, urea and creatinine showed statistically significant 

difference in male patients with ketoacidosis compared 

to male patients with ketonuria. Values of potassium, 

sodium and calcium concentrations did not show stati-

stical significance between compared groups of patients.  

In Table 3, statistical analysis and mean values of 

pH values, base excess, as well as concentrations of 

hydrogencarbonate, potassium, sodium, calcium, gluco-

se, creatinine and urea estimated in female patients are 

presented. 

The values of pH, hydrogencarbonate concentra-

tion and base excess showed statistical differences in pa-

tients with ketoacidosis compared to patients with ke-

tonuria, while the values of potassium, sodium, calcium, 

urea and creatinine concentrations did not show statisti-

cal difference. 
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Table 2. Statistical evaluation of biochemical parameters in male patients with  

diabetic ketoacidosis and ketonuria 

 

 

♂  
t-test ANOVA 

p sig p sig 

pH 
KA* 7.1 

0.00 p < 0.05 0.00 p < 0.05 
KN** 7.3 

HCO3- 

(mmol/l) 

KA 8.5 
0.00 p < 0.05 0.00 p < 0.05 

KN 24.2 

Base 

excess 

KA - 20.7 
0.00 p < 0.05 0.00 p < 0.05 

KN - 1.3 

Na+ 

(mmol/l) 

KA 135.5 
0.14 p < 0.05 0.27 p < 0.05 

KN 137 

K+ 

(mmol/l) 

KA 4.1 
0.49 p < 0.05 0.59 p < 0.05 

KN 4.1 

Ca2+ 

(mmol/l) 

KA 2.3 
0.38 p < 0.05 0.57 p < 0.05 

KN 2.2 

GLU 

(mmol/l) 

KA 31.5 
0.02 p < 0.05 0.04 p < 0.05 

KN 25.3 

Urea 

(mmol/l) 

KA 10.6 
0.00 p < 0.05 0.01 p < 0.05 

KN 6.4 

Creatinine 

(μmol/l) 

KA 141 
0.00 p < 0.05 0.01 p < 0.05 

KN 87.8 

KA*-ketoacidosis           

KN**-ketonuria 

 

 

The correlation between the values of glucose 

concentration during patients admission and acid-base 

balance in patients with diabetic ketonuria are presented 

in Table 4.  

A positive correlation was obtained between the 

concentrations of glucose and base excess, while a low 

negative correlation was conducted between the values 

of glucose and hydrogencarbonate concentrations, and 

between pH and glucose concentration values. 

 

DISCUSSION 
 

One hundred patients were enrolled in this study, 

among those 47 patients were male and 53 patients were 

female. We analyzed the biochemical parameters (pH, 

base excess, hydrogencarbonate, sodium, potassium, 

calcium, urea, creatinine and glucose concentration level 

in the blood). The obtained pH value in the group of 

patients with diabetic ketoacidosis was 7.11 ± 0.17, and 

in patients with diabetic ketonuria the mean pH value of 

blood was 7.37 ± 0.13. In a study performed by Wei et al., 

the mean pH value was 7.10 ± 0.12 in patients with dia-

betic ketoacidosis and in patients with diabetic ketonuria 

the mean pH value was 7.41 ± 0.12, which is similar to 

results in our study (13). In several recent studies, it was 

found that the mean pH value ranges from 7.00 to 7.20 in 

patients with diabetic ketoacidosis (8, 13, 14). The mean 

value of hydrogencarbonate concentration was 8.16 ± 

5.64 mmol/l in patients with ketoacidosis, while in 

patients with ketonuria the mean value of hydrogencar-

bonate was 24.47 ± 2.23 mmol/l. In a study conducted by 

Wei el al., the mean value of hydrogencarbonate concen-

tration in patients with diabetic ketoacidosis was 9.55 ± 

2.34 mmol/l, and in patients with diabetic ketonuria was 

19.83 ± 3.30 mmol/l (13). Gosmanov et al. have done rese-

arch where the mean hydrogencarbonate concentration 

was 9.40 ± 1.4 mmol/l (8). The mean values of hydro-

gencarbonate concentrations obtained in these studies 
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and in our study, regarding patients with diabetic 

ketoacidosis and diabetic ketonuria, differ by in ± 1.50 

mmol/l. Reduced glucose utilization of an increased fat 

catabolism leads to ketone body production in the blood, 

which results in a fall of blood pH and decreased hydro-

gencarbonate concentration in blood (8, 13). 

 

 

Table 3. Statistical evaluation of biochemical parameters in female patients with  

diabetic ketoacidosis and ketonuria 

 

 

♀  
t-test ANOVA 

p sig p sig 

pH 
KA* 7.1 

0.00 p < 0.05 0.00 p < 0.05 
KN** 7.4 

HCO3- 

(mmol/l) 

KA 8.0 
0.00 p < 0.05 0.00 p < 0.05 

KN 24.9 

Base 

excess 

KA - 20.2 
0.00 p < 0.05 0.00 p < 0.05 

KN - 1.7 

Na+ 

(mmol/l) 

KA 136.5 
0.47 p < 0.05 0.93 p < 0.05 

KN 136.2 

K+ 

(mmol/l) 

KA 4.2 
0.42 p < 0.05 0.83 p < 0.05 

KN 4.3 

Ca2+ 

(mmol/l) 

KA 2.2 
0.08 p < 0.05 0.15 p < 0.05 

KN 2.3 

GLU 

(mmol/l) 

KA 31.7 
0.11 p < 0.05 0.22 p < 0.05 

KN 26.2 

Urea 

(mmol/l) 

KA 12.9 
0.06 p < 0.05 0.13 p < 0.05 

KN 9.0 

Creatinine 

(μmol/l) 

KA 160.4 
0.17 p < 0.05 0.35 p < 0.05 

KN 123.2 

KA*-ketoacidosis           

KN**-ketonuria 

 

 

Table 4. The correlation between glucose and acid-base status in patients with ketonuria 

 

 

 
pH 

HCO3- 

(mmol/l) 
Base excess 

Mean values 7.37 24.47 - 1.49 

Mean value of blood glucose (mmol/l) 25.69 

Pearson’s coefficient of variation 
R - 0.007 - 0.210 0.150 

sig. p < 0.05 p < 0.05 p > 0.05 
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In our study, the mean values of sodium and po-

tassium serum concentrations in patients with diabetic 

ketoacidosis were 136.18 ± 8.97 mmol/l and 4.16 ± 1.11 

mmol/l, respectively. In the study conducted by Chias-

son et al., the average values of sodium and potassium 

concentrations in patients with diabetic ketoacidosis were 

134.00 ± 1 mmol/l and 4.50 ± 0.13 mmol/l, respectively 

(15). The analyzed mean values of sodium and potas-

sium in a study obtained by Gosmanov et al. were 

134.00 ± 1 mmol/l and 4.50 ± 0.13 mmol/l, respectively. 

The results obtained in our study and other studies were 

similar and differ by ± 2.5 mmol/l. Hyponatremia and 

hyperkalemia are characteristics of patients with diabetic 

ketoacidosis caused by body dehydration when water 

withdraws to the blood (8). The body has to recover 

potassium because severe acidosis leads to a high value 

of potassium concentration despite a total body potas-

sium deficit in order to prevent heart arrhythmia (8, 15).  

The average value of urea concentration in our 

study varies by ± 1.5mmol/l from the obtained results in 

a study conducted by Chiasson et al., while the results in 

a study conducted by the Karavanke et al. were signify-

cantly different from our results (15). Our results regard-

ing the mean value of creatinine concentrations in pati-

ents with diabetic ketoacidosis were significantly differ-

ent than the results obtained by Chiasson et al. (154.36 

mmol/l vs. 97.2 ± 8.8 mmol/l). The value of creatine in-

creases due to body dehydration, and these values may 

indicate acute ketoacidosis. Creatinine and urea increase 

due to hypoosmolarity caused by increased diuresis 

which suggests that the patients in our study had keto- 

 

acidosis (15). 

The obtained blood glucose concentration in our 

study was 31.66 ± 14.89 mmol/l. In the studies conducted 

by Liu el al. and Wei et al., the mean glucose values in 

patients with diabetic ketoacidosis were 28.87 ± 9.1 

mmol/l and 20.84 ± 6.73 mmol/l, respectively (13), which 

are similar to our results. Hyperglycemia occurs as a re-

sult of insufficient secretion of insulin, essential hormone 

for glucose uptake into cells, which indicates that there is 

a pathological state of the pancreas. 

After preformed t-test and ANOVA, we found 

that the mean values of pH, base excess, hydrogencar-

bonate, sodium, glucose, urea and creatinine concentra-

tions in patients with ketoacidosis were significantly dif-

ferent compared to patients with ketonuria. The values 

of potassium and calcium serum concentrations were 

not significantly different. 

 

CONCLUSION 
 

The values of pH, base excess, as well as the 

concentrations of hydrogencarbonate, sodium, potassi-

um, calcium, glucose, urea and creatinine were not signi-

ficantly different in male and female patients with dia-

betic ketoacidosis (statistically significant difference was 

obtained by t-test and ANOVA). 

In patients with diabetic ketonuria we found a 

correlation between admission glucose concentration and 

acid-base balance, which leads to a conclusion that in-

creased glucose levels result in the increase of excess 

base. 
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SAŽETAK 

 

 

Cilj ove studije bio je da analiziramo vrednosti biohemijskih parametara kod bolesnika sa ketoacidozom i 

ketonurijom.   

U ovoj prospektivnoj komparativnoj studiji koja je provedena u Kliničkom centru Univerziteta u Sarajevu, 

uključeno je sto bolesnika oba pola sa dijabetesom melitusom. Uključeni su novodijagnosticirani bolesnici koji 

imaju dijabetes melitus sa komplikacijama poput ketoacidoze i ketonurije. Analizirane su vrednosti biohe-

mijskih parametara kod ovih bolesnika.   

Utvrdili smo da su srednje vrednosti pH, baznog ekscesa, koncentracije hidrogenkarbonata, natrijuma, 

glukoze, uree i kreatinina kod bolesnika sa ketoacidozom signifikantno različite u odnosu na bolesnike sa 

ketonurijom. Za vrednosti koncentracija serumskog kalijuma i kalcijuma nije pokazana signifikantna različitost. 

Takođe, vrednosti pH, baznog ekscesa kao i koncentracije hidrogenkarbonata, natrijuma, kalijuma, kalcijuma, 

glukoze, uree i kreatinina nisu bile značajno različite kod muških i ženskih bolesnika sa ketoacidozom.  

Kod bolesnika sa dijabetičnom ketonurijom utvrdili smo pozitivnu korelaciju između početne vrednosti 

glukoze i acido-baznog statusa. Povećane vrednosti glukoze vode povećanju baznog ekscesa. 

 

Ključne reči: ketoacidoza, dijabetes melitus, ketonurija 

 


