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Background: Diabetic ketoacidosis (DKA) is characterized by a biochemical triad of hyperglycemia, acidosis, and ketonemia. 
This condition is life-threatening despite improvements in diabetic care. The purpose of this study was to evaluate the clinical and 
biochemical prognostic markers of DKA. We assessed correlations in prognostic markers with DKA-associated morbidity and 
mortality.
Methods: Two hundred and seventy patients that were hospitalized with DKA over a period of 2 years were evaluated clinically and 
by laboratory tests. Serial assays of serum electrolytes, glucose, and blood pH were performed, and clinical outcome was noted as 
either discharged to home or death.
Results: The analysis indicated that significant predictors included sex, history of type 1 diabetes mellitus or type 2 diabetes melli-
tus, systolic blood pressure, diastolic blood pressure, total leukocyte count, Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, blood urea nitrogen, serum creatinine, serum magnesium, serum phosphate, serum osmolality, serum glutamic 
oxaloacetic transaminases, serum glutamic pyruvic transaminases, serum albumin, which were further regressed and subjected to 
multivariate logistic regression (MLR) analysis. The MLR analysis indicated that males were 7.93 times more likely to have favor-
able outcome compared with female patients (odds ratio, 7.93; 95% confidence interval, 3.99 to 13.51), while decreases in mean 
APACHE II score (14.83) and serum phosphate (4.38) at presentation may lead to 2.86- and 2.71-fold better outcomes, respectively, 
compared with higher levels (APACHE II score, 25.00; serum phosphate, 6.04). 
Conclusion: Sex, baseline biochemical parameters such as APACHE II score, and phosphate level were important predictors of the 
DKA-associated mortality.
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INTRODUCTION

Diabetes mellitus is a clinically and genetically heterogeneous 
group of metabolic disorders that manifest in an abnormally 

high level of glucose in the blood. The hyperglycemia is a result 
of an insulin secretion deficiency caused by pancreatic β-cell 
dysfunction or resistance to the action of insulin in liver, adipose 
tissue, and muscle or a combination of these issues. Diabetic 
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ketoacidosis (DKA) is a serious and potentially life-threatening 
complication of diabetes mellitus [1,2]. It is characterized by a 
triad of hyperglycemia, high anion gap metabolic acidosis, and 
ketonemia and represents a state of insulin deficiency and con-
current elevation in counter regulatory hormones [2]. The annu-
al incidence ranges from 4.6 to 8 cases per 1,000 diabetic pa-
tients. DKA is associated with a mortality rate of 2% to 10% [2], 
while the mortality rates of hyperglycemic emergencies in Sub-
Saharan Africa and Asia range from 30% to 44% [2,3]. The esti-
mated mortality rate of DKA ranges between 5% to 10%, and 
the rate of hyperosmolar hyperglycemic syndrome varies from 
10% to 50% [4]. DKA occurs more commonly in patients who 
have type 1 diabetes mellitus (T1DM) compared with patients 
who have type 2 diabetes mellitus (T2DM) [5]. However, recent 
data suggest that African American and Hispanic patients with 
T2DM are more likely to develop DKA than their Caucasian 
patient counterparts [6,7]. Management is directed to treating 
the precipitating factors and correcting dehydration, hypergly-
cemia, and electrolyte abnormalities. Despite all of the available 
guidelines, DKA continues to be inadequately managed, even in 
teaching hospitals [8,9]. This study evaluated the clinical and 
laboratory parameters that affect DKA outcomes at a tertiary 
care center. The primary objective of this study was to correlate 
final outcome with different confounding covariates (demo-
graphic characteristics, clinical characteristics, biochemical pa-
rameters) at presentation (admission).

METHODS

This study was conducted in the Department of Medicine and 
Endocrinology Unit of the Department of Medicine at a tertiary 
care center in the northern part of India, over a study period of 2 
years, from July 2012 to June 2014. Patients were included if 
they fulfilled all of the following criteria: serum glucose >13.9 
mmol/L (>250 mg/dL, enzymatic method), serum bicarbonate 
concentration <18 mmol/L, arterial pH <7.30 (selective ion ex-
change method), and ketonemia (3 mmol/L) and overt or signif-
icant ketonuria (more than 2+ on standard urine sticks). Postcar-
diopulmonary resuscitated patients, other hyperglycemic states 
(impaired glucose tolerance, stress hyperglycemia), other ketot-
ic states (alcoholic ketosis, starvation ketosis), other metabolic 
acidotic states (lactic acidosis, hyperchloremic acidosis, salicyl-
ism, uremic acidosis, drug-induced acidosis) and patients that 
did not consent were not included. Informed consent was ob-
tained from every patient before study inclusion. The study was 
approved by the Local Ethics Committee.

Patient evaluation
Patients were evaluated on the basis of history and physical ex-
amination (general and systemic), and appropriate investiga-
tions were performed, based on patient status, including hemo-
globin, total leukocyte count (TLC), differential leukocyte count, 
platelet count, hematocrit, fasting lipid profile, random blood 
sugar (RBS), pH, sodium, potassium, ionic calcium, magne-
sium, phosphate, bicarbonate, serum urea, serum creatinine, he-
moglobin A1c (HbA1c), fasting and postprandial blood sugar, 
liver function test, bilirubin, serum glutamic oxaloacetic trans-
aminases (SGOT), serum glutamic pyruvic transaminases 
(SGPT), serum protein, serum albumin, C-reactive protein 
(CRP), thyroid-stimulating hormone (TSH), triiodothyronine 
(T3), thyroxine (T4), and serum lipase.

Additional testing was performed as needed, including an 
electrocardiography, to search for the source of infection, in ad-
dition to routine urine and microscopy tests and culture sensitiv-
ity, blood culture and sensitivity, sputum culture and sensitivity, 
and a chest X-ray. After initial patient evaluation and investiga-
tions, the patients were graded according to Glasgow Coma 
Scale (GCS) and Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) scoring systems.

Methodology
Two hundred and seventy patients that were hospitalized with 
DKA over a period of 2 years were evaluated based on clinical 
and laboratory tests. They were managed with standard care that 
included insulin, intravenous fluids, and appropriate supportive 
care. Serial assays of serum electrolytes, glucose, and blood pH 
were analyzed and correlated with clinical outcomes of either 
discharge to home or death (Fig. 1).

Statistical analysis
Continuous data were summarized as mean±SD, while discrete 
(categorical) data are reported as number and percentage. Two 
continuous independent groups were compared by parametric 
independent Student t test, and the significance of the parametric 
t test was validated with the nonparametric alternative Mann-
Whitney U test, where appropriate. Discrete (categorical) groups 
were compared by chi-square tests. Predictors of final outcome 
were evaluated using multivariate logistic regression analysis. A 
two-sided (α=2) P<0.05 was considered statistically significant. 
All analyses were performed on STATISTICA software version 
17 (StatSoft Inc., Chicago, IL, USA). 
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RESULTS

The study evaluated clinical and laboratory parameters that af-
fect DKA outcomes at a tertiary care center. A total of 270 pa-
tients were recruited and evaluated. The comparative details are 
summarized below.	

Demographic characteristics
Table 1, Fig. 2 show the age and sex distributions of patients in-
cluded in this study. The ages of study subjects ranged between 
13 to 80 years with a mean±SD of 38.99±18.32 years and a 
median of 39 years. The majority of patients were younger than 
40 years (54.4%) and were male (51.1%). At the final evalua-
tion, a total of 189 patients were discharged (70.0%), while 81 
patients were deceased (30.0%). The final outcome was not as-
sociated with age (χ2=5.98, P=0.112), although favorable out-
come was 23.8% more frequent in the lower age (<40 years) 
group than the higher age (≥40 years) group. Favorable out-
come was significantly associated with sex and was significant-
ly more frequent (33.4%) in males compared to females (33.3% 
vs. 66.7%, χ2=20.34, P<0.001). In this study, newly diagnosed 
T1DM accounted for about 62.6% (115/270) of cases, and 

T2DM was present in about 24.5% (155/270) of the total study 
population.

Precipitating factors
Precipitating factors are shown in Fig. 3. Many patients experi-
enced sepsis (infection) as a precipitating factor (60.0%), and 
there was also a high incidence of pneumonia (34.4%). Other 
precipitating factors were noncompliance (18.9%), acute pan-

Study protocol 313 Patients recruited during the study period of 2 
years

270 Patients with DKA who meets 
the inclusion criteria

Patients evaluation:
history,

examination: (general and systemic), 
and appropriate investigations

Management: insulin, intravenous 
fluids and appropriate supportive 

care

DeathDischarge

Inclusion criteria:
Ketonemia (3 mmol/L) 

ketonuria (more than 2+ 
on standard urine sticks)

Plasma glucose over 
>13.9 mmol/L  
(250 mg/dL)

Bicarbonate (HCO3-)  
below 18 mmol/L and/or 
venous pH less than 7.3

Exclusion criteria:
3 Postcardiopulmonary   

resuscitated patient 
1 Other hyperglycemic state  

(impaired glucose tolerance, 
stress hyperglycemia)

1 Other ketotic state (alcoholic  
ketosis, starvation ketosis)

8 Other metabolic acidotic state 
(lactic acidosis, hyperchloremic 
acidosis, salicylism, uremic  
acidosis, drug induced acidosis)

30 Patients not giving consent

Clinical outcome

Fig. 1. Study protocol. DKA, diabetic ketoacidosis.

Table 1. Demographic Characteristics of the Patients

Characteristic Discharged 
(n=189) 

Deceased 
(n=81) χ2 value P value

Age, yr 5.98 0.112

   ≤20 39 (20.6) 15 (18.5)

   20–40 78 (41.3) 15 (18.5)

   40–60 48 (25.4) 39 (48.1)

   >60 24 (12.7) 12 (14.8)

Sex 20.34 <0.001

   Female 63 (33.3) 69 (85.2)

   Male 126 (66.7) 12 (14.8)

Values are expressed as number (%).
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creatitis (8.9%), myocardial infarction (6.7%), stroke (4.4%), 
and others (1.1%). 

Clinical characteristics
The clinical characteristics systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were significantly (P<0.001) as-
sociated with final outcome. Patients who had lower mean±

SD) SBP and DBP at presentation, 90 (89.85±21.28) and 54 
mm Hg (54.07±13.23), respectively, had significantly (P< 
0.001) poorer outcomes (death) compared to those with higher 
mean±SD, SBP and DBP, 110.0 (110.86±16.60) and 67.0 mm 
Hg (67.24±11.81), respectively (Table 2). History of T1DM or 
T2DM was found to be significantly (P<0.05) associated with 
final outcome. Patients with a history of T1DM had significant-
ly better outcomes (31.7% vs. 11.1%, χ2=4.23, P=0.040), while 
patients with a history of T2DM had significantly poorer out-

comes (36.5% vs. 59.3%, χ2=3.98, P=0.046). In addition, his-
tory of treatment and newly-diagnosed DM were not associated 
with final outcome (Table 2). The APACHE II score was signifi-
cantly (P<0.001) associated with final outcome. Patients with a 
higher mean±SD APACHE II score at presentation, 25.0 
(25.00±9.74), had significantly poorer outcomes compared to 
those that had a lower mean±SD APACHE II score of about 

13.3%

32.2%

20.0%

34.4%

≤20
20−40

40−60
>60

Females
Males

48.9%51.1%

A B

Fig. 2. (A) Age and (B) sex distributions.
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Fig. 3. Precipitating factors. 
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Table 2. Associations of Final Outcome with Clinical Character-
istics 

Characteristic Discharged 
(n=189) 

Deceased 
(n=81) 

χ2/ 
t value P value

SBP, mm Hg 110.86±16.60 89.85±21.28 5.04 <0.001

DBP, mm Hg   67.24±11.81 54.07±13.23 4.67 <0.001

T1DM 4.23 0.040

   No 95 (50.3) 60 (74)

   Yes 94 (49.7) 21 (26)

T2DM 3.98 0.046

   No 94 (49.7) 21 (26)

   Yes 95 (50.3) 60 (74)

CVA 1.79 0.180

   No 177 (93.7) 81 (100.0)

   Yes 12 (6.3) 0

CAD 0.25 0.616

   No 180 (95.2) 75 (92.6)

   Yes 9 (4.8) 6 (7.4)

HTN 1.89 0.169

   No 165 (88.9) 63 (77.8)

   Yes 21 (11.1) 18 (22.2)

History of treatment 0.04 0.843

   Yes (insulin or 
      OHA)

129 (68.3) 57 (70.4)

   No (newly 
      diagnosed DM)

60 (31.7) 24 (29.6)

GCS (score) 5.16 0.076

   Mild (GCS 12–15) 102 (54.0) 24 (29.6)

   Moderate (GCS 9–12) 27 (14.3) 12 (14.8)

   Severe (GCS 3–9) 60 (31.7) 45 (55.6)

APACHE II, score 14.83±5.95 25.00±9.74 6.08 <0.001

Values are expressed as mean±SD or number (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; T1DM, 
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; CVA, cere-
brovascular accident; CAD, coronary artery disease; HTN, hyperten-
sion; OHA, oral hypoglycemic agents; DM, diabetes mellitus; GCS, 
Glasgow Coma Scale; APACHE II, Acute Physiology and Chronic 
Health Evaluation II.

34.4

20.0

8.9 6.7

18.9

4.4

1.1

5.6

Sepsis
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15.0 (14.83±5.95) at presentation. However, GCS score was 
not significantly associated (P>0.05) with final outcome even 
though there was a higher mortality rate (11.2%) in patients with 
a lower (GCS <9) score compared to those with higher score 
(GCS >9) (44.4% vs. 55.6%, χ2=5.16, P=0.076) (Table 2).

Biochemical profile
Biochemical features of blood urea, serum creatinine, serum 
magnesium, serum phosphate, SGOT, SGPT, and serum albu-
min were found to be significantly (P<0.05, P<0.01, or 
P<0.001) associated with the final outcome or differed signifi-

cantly between the two outcomes. However, hemoglobin, plate-
let count, hematocrit, HbA1c, serum sodium, serum potassium, 
serum calcium (total), serum calcium (ionic), CRP, T3, T4, TSH, 
serum cholesterol, triglycerides, serum high density lipoprotein, 
serum low density lipoprotein, serum  very low density lipopro-
tein, serum bilirubin, serum alkaline phosphatase, and serum 
protein were similar (P>0.05) between the two outcomes, i.e., 
did not differ statistically (Table 3). TLC and serum osmolality 
were both significantly (P<0.05 or P<0.001) associated with fi-
nal outcome. Patients with TLC ≤16,000.0 (median cutoff) and 
serum osmolality up to 320.0 Osm/mL at presentation had sig-

Table 3. Associations between Continuous Biochemical Profiles and Final Outcome

Variable Discharged (n=189) Deceased (n=81) t value P value

Hemoglobin, g/dL 11.09±2.80 10.59±2.76 0.78 0.437

Platelet count 2.15±1.29 2.23±1.26 0.27 0.789

Hematocrit, % 42.73±9.81 42.24±12.34 0.20 0.840

Hemoglobin A1c, % 11.85±3.38 12.12±2.87 0.37 0.716

Serum urea, mg/dL 59.17±35.83 111.32±66.61 4.82 <0.001

Serum creatinine, mg/dL 1.51±0.80 2.41±1.29 4.04 <0.001

Serum sodium, mmol/L 124.41±11.65 123.41±14.90 0.34 0.732

Serum potassium, mmol/L 4.88±1.38 5.00±1.46 0.38 0.702

Serum calcium (total), mmol/L 2.09±0.22 2.01±0.21 1.54 0.127

Serum calcium (ionic), mmol/L 0.77±0.22 0.83±0.19 1.33 0.187

Serum magnesium, mg/dL 2.18±0.45 2.51±0.53 3.04 0.003

Serum phosphate, mg/dL 4.38±3.07 6.04±2.73 2.43 0.017

CRP, mg/dL 52.55±58.56 68.63±60.55 1.18 0.241

T3, nmol/L 1.15±0.38 1.23±0.56 0.76 0.448

T4, nmol/L 72.89±34.18 75.54±36.24 0.33 0.742

TSH 3.69±13.99 2.41±3.58 0.47 0.640

Serum cholesterol, mg/dL 146.33±57.86 136.99±66.33 0.67 0.504

Triglycerides, mg/dL 243.92±142.45 232.85±150.78 0.33 0.741

Serum HDL-C, mg/dL 37.93±15.40 35.96±13.07 0.58 0.564

Serum LDL-C, mg/dL 65.76±34.31 62.37±31.40 0.44 0.661

Serum VLDL, mg/dL 44.63±25.38 43.72±27.26 0.15 0.880

Serum bilirubin, mg/dL 0.70±0.69 0.80±1.51 0.43 0.666

SGOT, IU/L 55.43±74.95 166.78±212.03 3.69 <0.001

SGPT, IU/L 49.05±61.06 122.26±177.51 2.91 0.005

SALP, IU/L 208.12±126.77 198.81±91.18 0.34 0.731

Serum protein, gm/dL 6.21±0.97 5.94±0.99 1.20 0.234

Serum albumin, gm/dL 3.37±0.83 2.79±0.61 3.31 0.001

Values are expressed as mean±SD.
CRP, C-reactive protein; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; HDL-C, high density lipoprotein cholesterol; LDL-C, 
low density lipoprotein cholesterol; VLDL, very low density lipoprotein; SGOT, serum glutamic oxaloacetic transaminases; SGPT, serum glutamic py-
ruvic transaminases; SALP, serum alkaline phosphatase. 
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nificantly (36.6% and 42.9%, respectively) more favorable out-
comes compared to those that had TLC >16,000.0 and serum 
osmolality >320.0 Osm/mL, respectively. However, RBS, pH, 
bicarbonate, and serum lipase were not found to be associated 
with the final outcome (Table 4).

Predictors of final outcome
The significant predictors of final outcome were sex, history of 
T1DM or T2DM, SBP, DBP, TLC, APACHE II score, blood 
urea nitrogen (BUN), serum creatinine, serum magnesium, se-
rum phosphate, serum osmolality, SGOT, SGPT, and serum al-
bumin, and these predictors were further regressed together and 
subjected to MLR. The MLR analysis revealed that males had 
7.93-fold better outcomes compared to females (odds ratio, 

7.93; 95% confidence interval [CI], 3.99 to 13.51), while de-
crease in mean APACHE II score (14.83) and serum phosphate 
(4.38) at presentation led to 2.86 (OR, 2.86; 95% CI, 1.72 to 
7.03) and 2.71 (OR, 2.71; 95% CI, 1.51 to 6.99) fold better out-
comes, respectively, compared to those with higher levels 
(APACHE II score, 25.00; serum phosphate, 6.04). However, 
the other variables were not statistically significantly associated 
with outcome (P>0.05) (Table 5).

DISCUSSION

In our study, a total of 270 patients were enrolled with the aim 
to evaluate the clinical and biochemical prognostic markers of 
DKA and to correlate prognostic markers with mortality.

At final evaluation, of the 270 patients, 189 patients were dis-
charged (70.0%), while 81 patients were deceased (30.0%). 
These results contrasted with the studies by Ellemann et al. [10], 
where mortality rates ranged from 2.5% to 9%. This may be be-
cause the aforementioned study had mortality rates that were re-
ported and associated with DKA alone and excluded mortality 
attributable to factors that precipitated DKA. Other factors that 
contributed to higher mortality in the present study could be due 
to limited resources in developing countries, greater patient load 
in tertiary care health centers, and late referrals [11]. The mor-
tality in patients with DKA is rarely caused by metabolic com-
plications of hyperglycemia or metabolic acidosis and is usually 
related to underlying medical illnesses that precipitate the meta-
bolic decompensation. In another study conducted by Oschatz 
et al. [12] at the Department of Emergency Medicine, Vienna 
General Hospital-University of Vienna Medical School, Austria, 
the mortality was 29% in patients with DKA, which was similar 
to the results of our study.

In our study, sepsis was the most common precipitating factor 
of DKA and was identified in 60% of cases. Pneumonia (34%) 
and urinary tract infection (20%) accounted for the majority of 
infections. Other conditions that precipitated DKA were non-
compliance (18.9%), acute pancreatitis (8.9%), myocardial in-
farction (6.7%), stroke (4.4%), and others (1.1%). Umpierrez et 
al. [13] also stated that “infection is the most common precipitat-
ing factor for DKA, occurring in 30% to 50% of cases. Urinary 
tract infection and pneumonia account for the majority of infec-
tions,” which supported the results of this study. However, in a 
study conducted by Randall et al. [14], insulin discontinuation 
(non-compliance) was the leading precipitating cause in 68% of 
patients; other causes were new-onset diabetes (10%), infection 
(15%), medical illness (4%), and undetermined causes (3%).

Table 4. Associations between Categorical Biochemical Profiles 
and Final Outcome

Variable Discharged 
(n=189) 

Deceased 
(n=81) χ2 value P value

RBS (random), mg/dL 0.95 0.329

   ≤500 57 (30.2) 33 (40.7)

   >500 132 (69.8) 48 (59.3)

pH 1.37 0.504

   <7.10 96 (50.8) 39 (48.1)

   7.10–7.25 30 (15.9) 21 (25.9)

   >7.25 63 (33.3) 21 (25.9)

Serum bicarbonate, 
mmol/L

0.67 0.715

   <10 141 (74.6) 54 (66.7)

   10–15 24 (12.7) 15 (18.5)

   16–18 24 (12.7) 12 (14.8)

TLC 13.71 <0.001

   ≤16,000 129 (68.3) 21 (25.9)

   >16,000 60 (31.7) 60 (74.1)

Serum lipase, IU/L 5.77 0.056

   <300 156 (82.5) 48 (59.3)

   300–900 18 (9.5) 21 (25.9)

   >900 15 (7.9) 12 (14.8)

Serum osmolality, 
Osm/mL

7.34 0.025

   <300 54 (28.6) 27 (33.3)

   300–320 81 (42.9) 12 (14.8)

   >320 54 (28.6) 42 (51.9)

Values are expressed as number (%).
RBS, random blood sugar; TLC, total leukocyte count.
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Patient age in the present study ranged between 13 to 80 years 
with a mean±SD of 38.99±18.32 years. In addition, 54.4% of 
the patients were younger than 40 years, and subjects were pre-
dominantly male (51.1%). Kitabchi et al. [5] found that most 
patients with DKA were between the ages of 18 and 44 years 
(56%) and 45 and 65 years (24%), with only 18% of patients 
<20 years of age. Barski et al. [15] concluded that advanced 
age was an independent predictor of mortality; however, in the 
present study, the final outcome was not statistically significant-
ly associated with age, although the favorable outcomes were 
23.8% higher in the lower age (<40 years) group than the high-
er age (≥40 years) group. This may be due to the small sample 
size, indicating that additional larger studies are needed. Favor-
able outcome was found significantly associated with sex in this 
study and was significantly higher (33.4%) in males compared 
to females. The possible reasons for increased mortality in fe-
males might be attributable to decreased health seeking behav-
ior among females and because decision-making power lies 
with the male sex in our country, which can lead to very infre-
quent visits to primary care health center for disease treatment, 
which cause late referrals of female patients to tertiary care 
health centers. The MLR analysis found that sex was a signifi-
cant and independent predictor of final outcome. The MLR 

analysis further revealed that males had a 7.93-fold higher fa-
vorable (discharged) outcome compared to females. We did not 
identify any other studies that correlated sex with mortality in 
DKA patients. Additionally, patients with T2DM had signifi-
cantly poorer outcomes (36.5% vs. 59.3%, χ2=3.98, P=0.046) 
than patients with T1DM in DKA. Barski et al. [15] also report-
ed similar results and indicated that “DKA in patients with 
T2DM is a more severe disease with worse outcomes compared 
with T1DM.”

Clinical characteristics of SBP and DBP of patients at presen-
tation were found to be significantly (P<0.001) associated with 
final outcome. Patients that had lower mean±SD SBP and DBP 
at presentation, 90±21.28 and 54±13.23 mm Hg, respectively, 
had significantly (P<0.001) poorer outcomes (death) compared 
with those that had higher mean±SD SBP and DBP of 110.0±

16.60 and 67.0±11.81 mm Hg, respectively. Similar correla-
tions were also found in studies by Bassyouni et al. [16] and 
Otieno et al. [17], who reported that “hypotension was associat-
ed with higher mortality rate among patients with DKA.”

Patients with DKA may present with altered sensorium. In 
this study, GCS score was not significantly associated with final 
outcome; however, the P value was 0.076, which indicated that 
there is a trend toward better outcome if GCS is high. In the 

Table 5. Predictors of Final Outcome by Multivariate Logistic Regression Analysis

Predictor Coefficient SE of coefficient Z value P value OR (95% CI)

Male sexa 2.07 1.06 1.95 0.041 7.93 (3.99–13.51)

T1DM, yesb 0.88 1.42 0.62 0.535 2.42 (0.15–9.49)

T2DM, yesb –1.24 1.33 0.94 0.349 0.29 (0.02–3.89)

SBP 0.03 0.05 0.59 0.557 1.03 (0.93–1.14)

DBP 0.02 0.08 0.20 0.842 1.02 (0.87–1.18)

TLC –0.00 0.00 0.47 0.635 1.00 (0.86–1.11)

APACHE II score –0.15 0.09 1.67 0.036 2.86 (1.72–7.03)

BUN –0.03 0.02 1.57 0.117 0.97 (0.94–1.21)

Serum creatinine 0.82 0.60 1.36 0.175 2.27 (0.70–7.38)

Serum magnesium –0.79 1.12 0.71 0.480 0.45 (0.05–4.09)

Serum phosphate –0.34 0.17 2.01 0.044 2.71 (1.51–6.99)

Serum osmolality 0.02 0.01 1.49 0.137 1.02 (0.99–1.05)

SGOT –0.00 0.00 0.55 0.579 1.00 (0.99–1.20)

SGPT 0.01 0.01 1.02 0.308 1.01 (0.99–1.22)

Serum albumin 0.07 0.71 0.10 0.923 1.07 (0.27–4.32)

SE, standard error; OR, odds raio; CI, confidence interval; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; TLC, total leukocyte count; APACHE II, Acute Physiology and Chronic Health Evaluation II; BUN, blood urea ni-
trogen; SGOT, serum glutamic oxaloacetic transaminases; SGPT, serum glutamic pyruvic transaminases.
aOR with respect to females; bOR with respect to No.
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study by Otieno et al. [17], altered level of consciousness was a 
major predictor of mortality in DKA patients. Hence, additional, 
larger studies are needed to show the association between GCS 
and mortality. The APACHE II score calculated at presentation 
was found to be significantly (P<0.001) associated with the fi-
nal outcome. Patients who had higher mean±SD APACHE II 
score of 25.0±9.74 had significantly increased mortality com-
pared to those with a lower mean 15.0±5.95 score. We were not 
able to identify any other studies that showed direct correlation 
between APACHE II score and mortality in DKA.

Analysis of the hematological parameters at presentation indi-
cated that there was no significant association with final outcome, 
with the exception of TLC. Patients with TLC ≤16,000 mm3 
(median cutoff) at presentation had 42.9% better outcomes com-
pared to those with TLC >16,000/mm3. According to Slovis et 
al. [18], TLC in the range of 10,000 to 15,000/mm3 is expected 
in DKA and may not be indicative of an infectious process; how-
ever, leucocytosis with cell count >25,000/mm3 may indicate 
sepsis and require further evaluation. Leucocytosis in DKA is at-
tributed to stress and may be correlated with elevated levels of 
cortisol and norepinephrine [19]. Because TLC >25,000/mm3 
indicates sepsis, patients with DKA that also have sepsis have in-
creased mortality, a finding supported by Oschatz et al. [12].

Biochemical features including BUN, serum creatinine, se-
rum magnesium, serum phosphate, N-terminal prohormone of 
brain natriuretic peptide, SGOT, SGPT, and serum albumin 
were found to be significantly (P<0.05, P<0.01, or P<0.001) 
associated with final outcome or differed significantly between 
the two outcomes. Increased levels of BUN and serum creati-
nine at presentation were found to be significantly associated 
with increased mortality. According to Otieno et al. [17], “all 
patients in the study who died had poor renal functions.” The 
same result was reproduced in the present study.

In this study, increased level of serum phosphate at presenta-
tion was associated with increased mortality. Additionally, MLR 
found that serum phosphate was a significant and independent 
predictor of final outcome. Kebler et al. [20] also concluded that 
hyperphosphatemia is common in DKA, prior to therapy. The 
increase in serum phosphate is likely to be due to a transcellular 
shift. Potential factors of this shift include serum glucose, 
through its osmotic effect, and organic anions. In another study 
by Shen and Braude et al. [21], it was concluded that initial hy-
perphosphatemia is reflective of intravascular volume depletion 
and prerenal renal impairment. However, correlation of serum 
phosphate with mortality has not been studied in the available 
literature, suggesting the need for further studies.

Serum osmolality was significantly associated with final out-
come. The patients with serum osmolality ≤320.0 mOsmol/kg-
water at presentation had significantly better outcomes (42.9%) 
than patients with serum osmolality ≥320.0 mOsm/kg. Jayas-
hree and Singhi et al. [22] concluded that serum osmolality at 
admission was the most important predictor of mortality. In the 
present study, increased levels of SGOT, SGPT, and serum mag-
nesium and decreased level of serum albumin were also signifi-
cantly associated with increased mortality. However, there is a 
lack of studies for comparison; therefore, additional studies are 
needed to conclude any association with final outcome. Finally, 
HbA1c, pH, CRP, serum lipase, thyroid profile, and lipid profile 
were similar (P>0.05) between the two outcomes, and no statis-
tically significant correlations were identified. 

In conclusion, DKA is characterized by a biochemical triad of 
hyperglycemia, acidosis, and ketonemia. It continues to be a 
life-threatening condition despite improvements in diabetic 
care. Timely identification and intervention are imperative for 
adequate treatment. This study determined that sex, baseline 
biochemical parameters such as the APACHE II score, and 
phosphate level were important predictors of DKA-associated 
mortality.

 This was a cross-sectional study, and patients were assessed 
at the time of admission and during the hospital stay based on 
stimulated C-peptide level and by positive glutamic acid decar-
boxylase 65 and islet cell antibody levels to classify them with 
T1DM or T2DM. We did not follow the patients after discharge, 
so we were unable to determine if patients switched to oral hy-
poglycemic agents or remained on insulin.
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