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Abstract

Diabetic ketoacidosis (DKA) is a serious and potentially life-threatening complication of diabetes, most commonly
associated with type 1 diabetes. Understanding the clinical profile, factors, and outcomes of DKA is essential for timely
intervention and effective management. This study aims to assess the clinical profile and precipitating factors of DKA among
patients admitted to Misurata Medical Center, to improve early recognition and management strategies. A retrospective
descriptive study was conducted on 113 patients diagnosed with DKA. Data were collected from hospital records and
included demographic details, type of diabetes, presenting symptoms, biochemical parameters, precipitating factors,
treatment modalities, and hospital outcomes. The mean age of patients was 27.7 years, with nearly half aged 20 or younger.
The majority were female (55.8%) and had type 1 diabetes (98.2%). Insulin omission (49.1%) and infections (26.8%) were the
most common precipitating factors. Common symptoms included nausea and vomiting (42.7%) and abdominal pain
(17.5%). Severe hyperglycemia (2400 mg/dL) and metabolic acidosis (pH < 7.2) were present in more than half of patients.
The vast majority recovered with short hospital stays (<3 days in 90.3%). Recurrent DKA was reported in 50 %( 39/78 ) of
cases, and complication rates were low (1.8%), with no in-hospital mortality. DKA remains a common and preventable acute
complication of diabetes, particularly among young individuals with diabetes. Insulin omission and infection were the
leading precipitating factors, suggesting gaps in adherence and patient education. The findings support the development of
localized DKA management protocols and further research into long-term outcomes and risk factors.
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Introduction

DKA is a metabolic emergency characterized by hyperglycemia, ketosis, and metabolic acidosis resulting from absolute or
relative insulin deficiency, accompanied by increased counter-regulatory hormone activity including glucagon,
catecholamines, cortisol, and growth hormone. This triggers lipolysis and the release of free fatty acids, which undergo
hepatic ketogenesis, resulting in metabolic acidosis. Left untreated, it rapidly progresses to altered mental status and
cardiovascular collapse and may result in death if not promptly treated. Recognition of other forms of DKA, such as
Euglycemic diabetic ketoacidosis (euDKA), has increased in recent years, particularly following the introduction of sodium-
glucose cotransporter-2 (SGLT2) inhibitors, creating additional diagnostic challenges that may potentially delay diagnosis
and treatment. (1-3)

DKA continues to be a major cause of morbidity, mortality, hospitalization, and healthcare utilization worldwide. (4-6)
According to the 2024 consensus report, the incidence of hyperglycemic emergencies in both TIDM and T2DM has
significantly increased, with recent data reporting a global increase in DKA hospitalizations, especially in adults younger
than 45 years, by approximately 55% in the past decade. (7-13) This may have contributed to a marked increase in DKA-
related healthcare costs, with an estimated cost burden for DKA hospitalization in the United States alone of $5.1 billion in
2014. (14) The report highlights regional disparities in DKA-related mortality, with a mortality rate below 1% in developed
healthcare settings. However, in other resource-constrained healthcare settings, mortality rates remain substantially higher,
such as in sub-Saharan Africa (26% to 41.3%) and Pakistan (23.6%). (15,16)

Infection is widely recognized as a leading precipitating factor for DKA; however, reported rates vary considerably across
populations (14-58%). Several studies from other resource-constrained healthcare settings have identified insulin omission
as the most common precipitating factor. Considerable geographic variation exists, likely reflecting differences in
healthcare access, socioeconomic conditions, and underlying disease patterns across populations. (17-19)
Understanding DKA in the MENA region is increasingly important because of the rapidly rising burden of diabetes. The region
has the highest regional prevalence (17.6%) and is projected to experience the second-largest increase in diabetes burden
by 2050 (92%). Despite accounting for 14.4% of the global diabetes population, the region contributes only 3.4% of
worldwide diabetes-related healthcare expenditure. (20)

DKA incidence, precipitating factors, and outcomes vary considerably across regions, suggesting the influence of
geographic, socioeconomic, and healthcare- and population- related factors. Therefore, regional studies are essential to
determine the true local prevalence of DKA and identify precipitating factors that can inform targeted prevention strategies,
resource allocation, and clinical management policies. (19,21,22)

Recent data indicate that the incidence of T1DM in Libya has been increasing. Khashebi et al. reported a 2.1% annual rise
in childhood T1DM incidence between 2009 and 2018, with an age-standardized incidence rate of 31.7 per 100,000 children
during 2014-2018, representing more than a threefold increase compared with earlier local studies. (23,24) Despite the
growing burden of diabetes in Libya, data regarding the epidemiology and precipitating factors of DKA remain limited, and
the prevalence and etiological factors of DKA among Libyan adults remain poorly characterized. This study aims to
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determine the clinical profiles of DKA and identify its precipitating factors in Libya, providing local evidence to support
preventive strategies and inform local healthcare planning.

Methods

This is a retrospective descriptive study conducted to analyze the clinical profile and precipitating factors of DKA among
patients admitted to the Intensive Care Unit of Misurata Medical Center from June 2022 to June 2024. DKA was diagnosed
in accordance with the American Diabetes Association by the presence of Hyperglycemia: Blood glucose levels (=200
mg/dL) or a prior history of diabetes, though DKA can occasionally occur with normal glucose levels. Ketosis: Elevated
ketone bodies in the blood (B-hydroxybutyrate 23.0 mmol/L) or urine (ketone strip 2+ or greater), and metabolic Acidosis:
Venous pH <7.3 and/or serum bicarbonate <18 mmol/L. DKA severity classification was as follows: Mild DKA: Arterial pH
7.25-7.30, serum bicarbonate 15-18 mmol/L, anion gap >10; Moderate DKA: Arterial pH 7.00 to <7.24, serum bicarbonate
10 to <15 mmol/L, anion gap >12; Severe DKA: Arterial pH <7.00, serum bicarbonate <10 mmol/L, anion gap >12. These
classifications follow the American Diabetes Association (ADA) Standards of Medical Care in Diabetes (2020) and the World
Health Organization (WHQO) diabetes classification (2019). (25,26) Recurrent DKA was defined as a documented previous
episode of diabetic ketoacidosis before the index hospitalization, based on the available medical records. Recurrence data
were available only for patients with documented information regarding previous DKA episodes.

Data were collected from the medical records of 113 patients. Patients aged =12 years with a confirmed diagnosis of DKA
were included, whereas all patients with other mixed acid-base disorders were excluded. Permission was obtained from the
ethical committee at Misurata Medical Center, maintaining patient confidentiality throughout the study. SPSS version 26.0
was used for data analysis. Continuous variables were summarized as mean * standard deviation or median (interquartile
range), while categorical variables were presented as frequencies and percentages.

Results
A total of 113 DKA patients with a mean age of 27.7 years were included in this study (Figure 1). Females represented 55.8%
of the predominantly Libyan study population (Figure 2).
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Figure 2. Patient distribution according to sex
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The vast majority of patients were Libyans (Figure 3) with T1IDM (98.2%), and they were already receiving either insulin
therapy alone (80.9%) or in combination with oral agents (5.5%). Most participants had no other documented comorbidities
(84.8%). Regarding the clinical and biochemical profiles of our patients, the predominant clinical profile was non-specific
symptoms, with nausea and vomiting being the most frequent symptoms (42.7%), followed by fatigue (23.3%) and
abdominal pain (17.5%). Blood glucose levels at presentation showed substantial variability: 36.4% were between 250 and
400 mg/dL, and 32.7% were between 401 and 550 mg/dL. Regarding acid-base status, severe acidosis (pH below 7) and a
severely elevated anion gap (>20) were reported in 23.4% and 45.5% of patients, respectively. Table 1 summarizes patients’
distribution according to their baseline characteristics.

m Libyan = Non-Libyan

Figure 3. Patient distribution according to nationality

Table 1: Patient Distribution according to Baseline Clinical Characteristics

Variable Findings Frequency Percentage

Type of Diabetes T1DM 111 98.2
Mellitus T2DM 2 1.8

OHA 5 4.5

Home treatment Insulin 89 80.9
Newly diagnosed 10 9.1

OHA + Insulin 6 5.5

less than 250 10 9.1

Blood sugar at 25010 400 40 36.4

presentation (n=110) 401 to 550 36 32.7

more than 550 24 21.8

less than 7 26 23.4

pH level (n=111) 7-7.2 31 27.9

more than 7.2 54 48.6

+ 5 7.0

Ketone levels (n=71) ++ 32 451

e+ 34 47.9

Normal (135-145) 50 47.2

Sodium level (n=106) Hyponatremia 52 491
Hypernatremia 4 3.8

Mild metabolic acidosis (15-22) 19 17.1

HCOS level (n=111) Moderate metabolic acidosis (10-15) 34 30.6

Severe metabolic acidosis (<10) 58 52.3

Normal (3.5-5) 69 78.4

Potassium level (n=88) Hypokalemia 4 4.5
Hyperkalemia 15 17

Normal (8-12) 7 12.7

. _ Mild elevation (13-16) 13 23.6

Anion Gap (n=55) Moderate elevation (17-20) 10 18.2

Severe elevation (>20) 25 45.5
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Among the reported precipitating factors of DKA, insulin omission was the most common (49.1%), followed by upper
respiratory tract infections (26.8%). Other identified factors included newly diagnosed diabetes mellitus (9.1%), acute
gastroenteritis, depression, fasting, and stress. Recurrent DKA was documented in 39 of 78 patients (50.0%) with available
recurrence data, indicating that recurrent DKA remains a substantial clinical concern. The most commonly used treatment
regimen consisted of intravenous fluids, insulin, enoxaparin (62.2%), and antibiotics (35.1%), whereas sodium bicarbonate
was administered to 20.5% of patients. Hospital outcomes were favorable, with most patients (90.3%) discharged within
three days, with a mean hospital stay of 2.8 days. Table 2 demonstrates patients’ distribution according to their clinical
management, precipitating factors, and outcomes.

Table 2: Patient distribution according to Clinical Management, Precipitating Factors, and Outcomes

Variable Category/ Findings Frequency | Percentage

less than 3 days 102 90.3

. . 4-10 days 8 7.1
Hospital Stay Duration (n=113) 11-30 days 5 17
more than 30 days 1 0.9
Yes 39 50.0
Recurrent DKA (n=78) No 39 50.0
Insulin omission 55 49.1
URTI 30 26.8

Acute GE 7 6.3

Precipitating Factors for DKA Stre.ss L 0.9
(n=112) Fasting 2 1.8
Newly discovered DM 13 11.6

Depression 3 2.7

Hypejrt.rop.hy of.skin at 1 0.9

injection site

NaHCO, Administration (n=112) \'(\'e‘; 22 Zgg
IV fluid +insulin +Enoxaparin 69 62.2

Hospital Management (n=111) - f)thers - 3 2.7
IVF+ insulin+ Enoxaparin+ 39 35.1

Antibiotics

excessive thirst 5 4.9

Polyuria 10 9.7
. Nausea & vomiting 44 42.7
Presenting Symptoms (n=103) Abdominal pain 18 175
Fatigue 24 23.3

Others 2 1.9

Gallbladder Stone 1 .9
Comorbidities HTN 14 12.4
(n=112) hyperthyroidism 2 1.8
NO 95 84.8

Hemodialysis 1 0.9

Complications (n=113) Leftarm DVT 1 0.9
No complications 111 98.2

Discussion

This study provides a contemporary overview of the clinical characteristics, precipitating factors, management, and
outcomes of DKA in a predominantly young adult Libyan population with type 1 diabetes mellitus. The observed frequency
of recurrent DKA highlights the need for improved diabetes education, strategies to enhance treatment adherence, and
structured post-discharge follow-up to reduce preventable hospital readmissions. Insulin omission and infections were
identified as the principal precipitating factors. Despite the presence of severe metabolic abnormalities, treatment
outcomes were favorable, with rapid clinical recovery, short hospitalization, and no mortality. These findings underscore the
ongoing challenges of treatment adherence while demonstrating the effectiveness of current management practices in
achieving positive short-term outcomes.

When evaluating the epidemiology and clinical profile of DKA patients in Libya, several reports indicate that DKA
predominates among younger adults with T1DM, with similar findings reported in other Libyan cohorts. Similarly, another
Tunisian study suggested that patients presenting with ketosis or ketoacidosis at diabetes onset were predominantly young
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adults with type 1 diabetes. The consistency of these findings reflects the regional demographic similarities (27-31) The
proportion of DKA cases presenting as the first manifestation of diabetes was slightly lower in our study than in the study by
Alfoghi et al. Similar observations have been reported in a pediatric Libyan cohort study and further supported by the
recently published first meta-analysis assessing patterns and severity of DKA among Libyans. (31,32) Together, these
findings suggest similar demographic patterns across Libya and that delayed recognition of diabetes is a significant
contributor to the national DKA burden. Similar demographic patterns are reported from neighboring and international
settings. (33-35)

The clinical and biochemical characteristics of our patients were broadly comparable to those reported in other Libyan
cohorts. (29) Comparable symptom patterns have been reported in Tunisia. Mezghani et al. observed nausea and vomiting
in 43.3% of patients and abdominal pain in 26.7%, confirming that gastrointestinal symptoms remain prominent
manifestations of DKA across North African and European populations, suggesting that the clinical manifestations of DKA
remain remarkably consistent across healthcare settings. (36)

The predominance of insulin omission as the leading precipitating factor for DKA in our cohort is consistent with findings
from Libya and other regional countries. Insulin omission was the most common trigger, followed by infections, mirroring
reports by Alfoghi et al., Elkituni et al., and the recent Libyan meta-analysis, suggesting that poor treatment adherence and
preventable infections remain major contributors to DKA in Libya. (29-31) Similar patterns have been observed in Tunisia
and Saudi Arabia, where treatment discontinuation or non-adherence and infections were identified as the principal
precipitating factors (33,34,37). Collectively, these findings highlight inadequate insulin adherence as a major and
potentially preventable cause of DKA across diverse regional healthcare settings.

Although the precipitating factors identified in our cohort are broadly consistent with international reports, regional
differences exist. Studies from Europe and North America increasingly emphasize psychosocial factors, mental health
disorders, and substance use, whereas studies from the Middle East and North Africa commonly identify insulin omission
and infection as the dominant precipitating factors. These differences underscore the importance of developing context-
specific prevention strategies and diabetes education programs. (38-40)

Anotable finding in our study was the high rate of recurrent DKA, consistent with reports from both Elkituni et al. and Shebani
etal., who identified recurrent ketoacidosis as an important clinical problem among Libyan patients. These findings suggest
that poor diabetes education, psychosocial challenges, treatment non-adherence, and barriers to insulin access may
contribute to repeated hospital admissions. (29,30,32) The need for these interventions is further supported by a pooled
Libyan meta-analysis linking DKA recurrence to modifiable factors such as insulin omission and inadequate diabetes
education, opening room for targeted interventions to reduce national DKA-related expenditure. (31) Regional similarities
are reported from studies in Saudi Arabia, with medication non-adherence identified as an independent predictor of
recurrence. (41) Published Tunisian literature has focused primarily on DKA at diabetes onset and precipitating factors rather
than recurrence, limiting direct regional comparisons. Studies from North America have demonstrated that recurrent DKA
is strongly associated with younger age, socioeconomic disadvantage, and psychological barriers, underscoring the
importance of structured post-discharge follow-up, psychosocial assessment, and patient-centered diabetes education
programs. (38,40)

Characterizing local DKA patterns may facilitate earlier recognition and improved clinical outcomes. The clinical profile
observed in this study, particularly the predominance of non-specific symptoms, reinforces the importance of incorporating
these warning signs into triage and DKA screening protocols, which may improve early detection and reduce severity at
presentation. In addition, the identification of insulin omission and infections as the most common local precipitating
factors for DKA provides potential targets for preventive interventions. These findings suggest gaps in patient education and
support the consideration of integrating vaccination into local diabetes care programs. (40,42,43)

Management of DKA involves treating the underlying cause, rehydration, insulin therapy, and managing electrolyte
disturbances. Emerging evidence suggests that IV insulin is preferred for moderate to severe DKA; the American Diabetes
Association supports subcutaneous rapid-acting insulin for selected patients with mild, uncomplicated DKA, and the British
guidelines also recommend the co-administration of long-acting insulin glargine with IV insulin. These variables were not
evaluated in our cohort, though they constitute major areas of debate in DKA management protocols. (30,31,44,45) Tunisian
investigators have examined different intravenous insulin protocols and concluded they are comparable in terms of efficacy
and safety, emphasizing that adherence to standardized treatment principles remains more important than minor protocol
variations. (46)

The favorable short-term outcomes observed in this study, including a low complication rate, short hospital stay, and
absence of mortality, are consistent with reports from developed healthcare systems where DKA-related mortality is
typically below 1%. Similar outcomes have been reported from Saudi Arabia and the United Arab Emirates (37,47) In
contrast, substantially higher mortality rates continue to be reported from some resource-limited settings in Africa and
South Asia. (48,49) The excellent outcomes observed in our cohort may reflect the relatively young patient population, timely
access to hospital care, and effective implementation of established DKA management principles.

Given the high proportion of patients with a new diagnosis of diabetes, guidance on early screening of at-risk individuals and
ongoing post-discharge monitoring should also be included. Community-based studies could help identify at-risk
populations and uncover the underlying causes of non-adherence. The development of locally relevant guidelines may
improve consistency of care and enhance patient outcomes. (42,50)
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Several limitations should be acknowledged, including the single-center, retrospective design, which limits generalizability.
In addition, important variables such as socioeconomic status, educational level, and psychosocial factors were not
consistently documented in our medical records. The absence of long-term follow-up data also precluded assessment of
important outcomes beyond hospitalization.

Conclusion

Diabetic ketoacidosis remains a common and preventable acute complication of diabetes among predominantly young
Libyan patients with type 1 diabetes mellitus. Insulin omission and infections were the leading precipitating factors, while
recurrent DKA was frequent among patients with available recurrence data, highlighting persistent challenges in treatment
adherence and long-term diabetes management. Despite the severity of metabolic derangements at presentation, short-
term clinical outcomes were favorable, with low complication rates, short hospital stays, and no in-hospital mortality,
reflecting the effectiveness of current management practices at our institution.

These findings emphasize the importance of strengthening diabetes education, improving adherence to insulin therapy,
ensuring timely identification and management of infections, and implementing structured follow-up strategies to reduce
recurrent DKA and prevent avoidable hospital admissions. Further multicenter prospective studies are recommended to
evaluate the long-term outcomes of DKA in Libya.
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