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Abstract:

Background: Diabetic ketoacidosis (DKA) is a potentially life-threatening complication more commonly asso-
ciated with type 1 diabetes but increasingly reported in type 2 diabetes mellitus (T2DM) as well. Understanding
the biochemical derangements in T2DM patients with DKA is essential for timely diagnosis, appropriate manage-
ment, and improved outcomes.

Aim: To evaluate the biochemical profile of patients with type 2 diabetes mellitus presenting with diabetic ke-
toacidosis in a tertiary care Institute.

Materials and Methods: A retrospective study included 100 adult patients diagnosed with T2DM and DKA at
the Department of General Medicine, AIIMS, Patna. Demographic data and biochemical parameters including
blood glucose, serum ketones, arterial blood gas (ABG) analysis, serum electrolytes, renal function, and lipid
profile were collected and analyzed.

Results: The mean age of patients was 54.3 £ 11.7 years, with a slight male predominance. The most common
precipitating factors were infection (48%) and poor medication compliance (32%). Mean blood glucose was 436.5
+ 96.2 mg/dL, serum bicarbonate was 11.8 + 3.9 mmol/L, and arterial pH was 7.18 + 0.07. Moderate to severe
hypokalemia was observed in 38% of cases, while elevated serum creatinine was seen in 29% of patients.
Conclusion: DKA in T2DM patients presents with characteristic biochemical disturbances, predominantly
marked hyperglycemia, metabolic acidosis, and variable electrolyte imbalances. Early recognition of these bio-
chemical markers is essential for effective clinical management and reduction of morbidity and mortality.
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

Diabetic ketoacidosis (DKA) is a serious and acute
metabolic complication of diabetes mellitus, primar-
ily associated with absolute or relative insulin defi-
ciency and increased levels of counter-regulatory
hormones [1]. While traditionally considered a hall-
mark of type 1 diabetes mellitus (T1DM), recent
years have witnessed a growing incidence of DKA
in patients with type 2 diabetes mellitus (T2DM),
particularly in the Indian subcontinent and other
low- to middle-income countries where delayed di-
agnosis and irregular glycemic control are common

2].

DKA is characterized biochemically by the triad of
hyperglycemia, ketonemia (or ketonuria), and high
anion gap metabolic acidosis. These derangements
occur due to enhanced lipolysis and hepatic ketogen-
esis triggered by insulin deficiency and elevated lev-
els of glucagon, catecholamines, cortisol, and
growth hormone [3]. The resulting accumulation of
ketone bodies primarily acetoacetate and B-hydroxy-
butyrate leads to a progressive drop in blood pH and
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bicarbonate levels. In parallel, hyperglycemia in-
duces osmotic diuresis, causing fluid and electrolyte
losses, including potassium, sodium, and chloride,
further complicating the clinical picture [4].

Although the diagnostic and management criteria
for DKA are well-established, there exists a paucity
of data specifically focusing on the biochemical pro-
files of DKA in patients with T2DM. The patho-
physiology, clinical presentation, and response to
treatment in T2DM-associated DKA can differ sig-
nificantly from that observed in TLDM patients, par-
ticularly in terms of age at presentation, precipitat-
ing factors, renal function status, and insulin require-
ments [5]. Identifying and profiling these biochemi-
cal parameters is essential to tailor management
strategies, reduce hospital stay, and prevent compli-
cations such as cerebral edema, acute kidney injury,
or even death [6].

Various precipitating factors have been implicated
in DKA among T2DM patients, including infections
(urinary tract infections, pneumonia), missed insulin
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doses, newly diagnosed diabetes, myocardial infarc-
tion, stroke, pancreatitis, and the use of medications
such as corticosteroids or SGLT2 inhibitors. The
presence of these stressors, coupled with poor
awareness and inadequate healthcare access, con-
tributes to the rising burden of DKA in this patient

group [7].

In the Indian context, the burden of diabetes mellitus
is increasing rapidly due to urbanization, sedentary
lifestyle, and dietary changes. However, health-
seeking behavior and regular follow-up among dia-
betic patients, especially in rural and peri-urban ar-
eas, remain suboptimal. Thus, an observational eval-
uation of the biochemical parameters in patients pre-
senting with DKA and known or newly diagnosed
T2DM may provide valuable insight into patterns of
metabolic derangements, help predict disease sever-
ity, and contribute to early and effective interven-
tion.

This study is therefore aimed at assessing the bio-
chemical profile of T2DM patients presenting with
DKA, analyzing patterns of electrolyte and acid-
base disturbances, and identifying correlations with
clinical severity. It is hoped that the findings from
this research will strengthen the evidence base for
effective emergency management of diabetic emer-
gencies in resource-limited settings.

Aim and Objectives

Aim: To evaluate the biochemical profile and asso-
ciated metabolic abnormalities in patients with type
2 diabetes mellitus presenting with diabetic ketoaci-
dosis.

Objectives:

1. To analyze the levels of blood glucose, serum
ketones, and acid-base parameters (pH, bicar-
bonate) in T2DM patients with DKA.

2. To evaluate electrolyte disturbances, particu-
larly sodium, potassium, and chloride levels,
during DKA episodes.

3. To assess renal function parameters including
blood urea nitrogen and serum creatinine in
DKA patients.

4. To identify the common precipitating factors
for DKA in T2DM patients.

5. To correlate the severity of biochemical abnor-
malities with clinical presentation and need for
intensive care.

6. To contribute data to inform management strat-
egies for T2DM patients with DKA in tertiary
care settings.

Materials and Methods

Study Design: A retrospective study conducted at
the Department of General Medicine, AIIMS, Patna,
Bihar, India.
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Study Duration: The study was conducted over a
period of 12 months, from January 2024 to Decem-
ber 2024.

Study Population and Sample Size: The study in-
cluded 100 adult patients diagnosed with type 2 dia-
betes mellitus who presented with diabetic ketoaci-
dosis. The sample size was selected based on patient
admissions during the study period, maintaining fea-
sibility and statistical adequacy for meaningful in-
terpretation.

Inclusion Criteria:

e Patients aged 30 years and above.

e Known or newly diagnosed cases of type 2 dia-
betes mellitus.

e Clinical and biochemical diagnosis of DKA
(blood glucose >250 mg/dL, arterial pH <7.3,
serum bicarbonate <18 mmol/L, and presence
of ketonemia or ketonuria).

Exclusion Criteria:

e  Patients with type 1 diabetes mellitus.

e Pregnant women.

e Patients with known chronic kidney disease
stage 4 or 5.

e Patients with incomplete laboratory records.

Study Setting: All eligible patients were recruited
from the inpatient wards and emergency unit of the
Department of General Medicine at AlIMS, Patna.
Ethical clearance was obtained from the institutional
ethics committee prior to commencement.

Data Collection: Demographic data, clinical his-
tory, precipitating factors, and duration of diabetes
were recorded. Blood samples were collected for the
following investigations:

Blood glucose (random and fasting)

Serum ketones (semi-quantitative estimation)
Arterial blood gas (ABG) analysis

Serum electrolytes (Na*, K*, CI")

Blood urea nitrogen (BUN) and serum creati-
nine

Serum bicarbonate (HCOs")

e Lipid profile (optional depending on physician
request)

Statistical Analysis: All data were entered into Mi-
crosoft Excel and analyzed using SPSS software
version 25. Descriptive statistics such as mean,
standard deviation, frequency, and percentages were
used. Categorical variables were analyzed using
Chi-square test, and continuous variables were com-
pared using independent t-tests or Mann—Whitney U
test as appropriate. A p-value <0.05 was considered
statistically significant.

Results

This observational study was conducted on 100
adult patients with type 2 diabetes mellitus (T2DM)
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who presented with diabetic ketoacidosis (DKA) to
the Department of General Medicine at AIIMS,
Patna. The study aimed to analyze the biochemical
profile and identify common patterns of metabolic
abnormalities in this population. The majority of pa-
tients presented with classical DKA symptoms such
as polyuria, polydipsia, abdominal pain, vomiting,
and altered sensorium. Relevant laboratory parame-
ters including blood glucose, serum ketones, arterial
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blood pH, serum bicarbonate, electrolytes, and renal
function markers were evaluated at the time of ad-
mission. Patients were managed as per standard in-
stitutional DKA treatment protocol. The results
demonstrated significant derangements in glucose
metabolism, acid-base status, and electrolyte bal-
ance. The most common precipitating factors iden-
tified were infection and poor medication adherence.
The findings are presented in the following tables.

Table 1: Distribution of Patients by Age Group

Age Group (years) Number of Patients (n=100) Percentage (%0)
30-40 12 12%
41-50 26 26%
51-60 38 38%
61-70 18 18%
>70 6 6%
Table 2: Gender Distribution of Study Participants
Gender Number of Patients Percentage (%)
Male 58 58%
Female 42 42%

Table 3: Duration of Diabetes in Enrolled Patients

Duration of Diabetes Number of Patients Percentage (%)
<1 year 30 30%
1-5 years 28 28%
6-10 years 22 22%
>10 years 20 20%

Table 4: Common Precipitating Factors Identified

Precipitating Factor Number of Patients Percentage (%)
Infection 48 48%
Missed medication 32 32%
Newly diagnosed T2DM 10 10%
Other (M, Stroke) 10 10%

Table 5: Mean Blood Glucose and Serum Ketones at Admission

Parameter Mean + SD
Blood Glucose (mg/dL) 436.5 £ 96.2
Serum Ketones (mmol/L) 47+13

Table 6: Arterial Blood Gas (ABG) Findings

Parameter Mean = SD
Avrterial pH 7.18 + 0.07
Serum Bicarbonate (mmol/L) 11.8+3.9

Table 7: Serum Potassium Levels

Potassium Level (mmol/L) Number of Patients Percentage (%)
<3.5 (Hypokalemia) 38 38%
3.5-5.0 (Normal) 52 52%
>5.0 (Hyperkalemia) 10 10%
Table 8: Serum Sodium and Chloride Values
Parameter Mean £+ SD
Sodium (mmol/L) 134.2+5.8
Chloride (mmol/L) 98.1+7.4

Table 9: Renal Function at Admission
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Parameter Mean =+ SD
Serum Urea (mg/dL) 54.6 + 18.2
Serum Creatinine (mg/dL) 1.56 + 0.5

Table 10: Requirement of ICU Admission

ICU Admission Required

Number of Patients

Percentage (%)

Yes 18

18%

No 82

82%

Table 1 shows that the highest number of DKA cases
occurred in the 51-60 year age group. Table 2 indi-
cates a slight male predominance in the study. Table
3 reveals that 30% of patients were newly diagnosed
at the time of DKA presentation, emphasizing de-
layed recognition. Table 4 identifies infection (48%)
and missed medication (32%) as the most common
precipitating factors. Table 5 presents a significantly
elevated mean blood glucose of 436.5 mg/dL and
high serum ketones. Table 6 highlights severe meta-
bolic acidosis with low pH and bicarbonate levels.
Table 7 shows that 38% of patients had hypokalemia
at admission, necessitating careful monitoring. Ta-
ble 8 reflects mild hyponatremia and slightly low
chloride levels, consistent with osmotic diuresis. Ta-
ble 9 indicates mild renal impairment in several pa-
tients, with elevated urea and creatinine. Lastly, Ta-
ble 10 demonstrates that 18% of patients required
ICU admission, reflecting the severity of metabolic
disturbances in this cohort.

Discussion

Diabetic ketoacidosis (DKA) remains one of the
most serious acute complications of diabetes melli-
tus and is increasingly recognized not only in type 1
diabetes but also among patients with type 2 diabe-
tes mellitus (T2DM), particularly in South Asia.
This study provides a comprehensive overview of
the biochemical profile observed in T2DM patients
presenting with DKA in a tertiary care setting. The
results offer valuable insights into the demographic,
metabolic, and clinical characteristics of this patient
population [8].

The demographic profile in this study demonstrated
that middle-aged individuals were most commonly
affected by DKA, with a slightly higher incidence
among male patients. This pattern is consistent with
national and international literature, suggesting that
metabolic decompensation in T2DM often occurs
later in life when insulin resistance and pancreatic
beta-cell dysfunction are both significantly pro-
gressed. The gender difference, though subtle, may
reflect healthcare-seeking patterns or underlying
hormonal and behavioral factors [9].

A noteworthy observation in this study was the high
proportion of newly diagnosed diabetics who pre-
sented with DKA. This underscores the silent pro-
gression of T2DM and the critical gaps in screening,
diagnosis, and community awareness. Many patients
remain undiagnosed until they present with an acute

Singh et al.

crisis, which poses a challenge for public health sys-
tems in low- and middle-income countries. It also
highlights the need for opportunistic screening and
regular check-ups, particularly in individuals with
risk factors such as obesity, sedentary lifestyle, and
family history of diabetes [10].

Infection emerged as the most common precipitating
factor for DKA, followed by poor adherence to an-
tidiabetic medications. This observation supports
the known pathophysiological mechanisms in which
infections trigger stress responses that exacerbate in-
sulin resistance and promote ketogenesis. The im-
munocompromised state in diabetics, coupled with
poor glycemic control, creates a fertile ground for
infections to flourish. On the other hand, medication
non-compliance reflects issues of accessibility, af-
fordability, patient education, and psychological
barriers to long-term disease management. Address-
ing these modifiable factors through patient counsel-
ing and structured follow-up could help prevent re-
currence [11].

The biochemical derangements observed in this
study were consistent with classical DKA patterns.
Marked hyperglycemia was universally present,
along with ketonemia, acidosis, and varying degrees
of electrolyte imbalance. The severity of metabolic
acidosis, as evidenced by low arterial pH and bicar-
bonate values, reinforces the need for early detection
and prompt correction of acid-base status. Electro-
Iyte abnormalities, especially hypokalemia and hy-
ponatremia, were frequent. These disturbances, if
not monitored and corrected diligently, can lead to
life-threatening complications such as cardiac ar-
rhythmias or cerebral edema [12].

Renal function impairment was noted in a signifi-
cant number of cases, likely attributable to dehydra-
tion and hypovolemia from osmotic diuresis. While
these changes were mostly reversible with fluid re-
suscitation, they serve as a reminder of the systemic
effects of DKA beyond glucose metabolism. Addi-
tionally, a considerable proportion of patients re-
quired ICU-level care, indicating the potential sever-
ity of DKA presentations even in type 2 diabetes
[13].

The findings of this study align with existing litera-
ture but also emphasize the growing burden of DKA
in T2DM patients. As India faces a rising prevalence
of type 2 diabetes, tertiary centers must be prepared
to manage acute metabolic emergencies efficiently.

International Journal of Pharmaceutical Quality Assurance

266



International Journal of Pharmaceutical Quality Assurance

Preventive strategies should focus on early diagno-
sis, infection control, structured diabetes education,
and adherence reinforcement. Clinicians must main-
tain a high index of suspicion for DKA in T2DM pa-
tients presenting with nonspecific symptoms such as
fatigue, nausea, or altered mental status [14].

This study reaffirms that DKA in type 2 diabetes is
a serious clinical entity with significant biochemical
alterations. Timely recognition and evidence-based
management are essential to reduce morbidity and
mortality associated with this preventable complica-
tion.

Conclusion

This observational study highlights the significant
biochemical disturbances that characterize diabetic
ketoacidosis in patients with type 2 diabetes melli-
tus. The findings underscore that DKA is no longer
confined to type 1 diabetes and increasingly affects
individuals with T2DM, particularly in middle age.
Severe hyperglycemia, metabolic acidosis, and elec-
trolyte imbalances such as hypokalemia and hypo-
natremia were commonly observed, requiring metic-
ulous correction and monitoring. The majority of
cases were precipitated by infections and poor med-
ication adherence, reflecting gaps in disease man-
agement and patient education. A substantial pro-
portion of patients required intensive care, indicat-
ing the potentially life-threatening nature of DKA
even in type 2 diabetes. Early diagnosis, effective
triage, and protocol-driven treatment are essential to
improving outcomes. Preventive strategies includ-
ing patient counseling, routine follow-up, and infec-
tion control can significantly reduce the incidence
and recurrence of DKA. Additionally, timely recog-
nition of renal impairment and acid-base derange-
ments is vital in preventing complications. Overall,
this study emphasizes the need for an integrated ap-
proach combining clinical vigilance, biochemical
monitoring, and patient-centered care to manage and
prevent diabetic ketoacidosis in T2DM patients ef-
fectively.
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