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Abstract. Diabetic ketoacidosis (DKA) remains one of the leading causes of
hospitalization, mortality, and severe complications, especially in childhood and
adolescence. Understanding the interplay between HbAlc levels and DKA
resolution time is of paramount importance, as it can provide insights into the
underlying pathophysiology, guide treatment strategies, and ultimately improve
patient outcomes. Current retrospective study was conducted between January
2019 and December 2023 and analyzes 798 cases of diabetic ketoacidosis (DKA)
in patients with type 1 diabetes mellitus. The results of the study indicated a
statistically significant positive correlation between HbAlc levels and the
duration of DKA resolution across all age groups (r= 0.312, p<0.0001). There
were no significant differences between any of the age groups in duration of
DKA. The main factors determining the speed of recovery from DKA are the
volume of infusion therapy, timely insulin administration, and correction of
electrolyte imbalances. The average daily dose of insulin in the ICU increases
with age. The duration of DKA remains stable across age groups, despite
significant differences in insulin requirements. The adolescent group (13—18
years) demonstrates the highest HbAlc levels and a greater need for insulin,
which requires additional monitoring and educational programs aimed at
improving adherence to therapy. Patients with high HbAlc require an
individualized approach to insulin therapy, especially during DKA, with possible
dose adjustments depending on the level of insulin resistance. Regular
monitoring of HbAlc, strengthening educational activities in the adolescent
group, and a special approach to frequently hospitalized patients are the key
factors in successful management of patients with type 1 diabetes and prevention
of DKA.
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1 Introduction

Diabetic ketoacidosis (DKA) represents a severe dangerous acute complication of
diabetes mellitus, characterized by hyperglycemia, ketonemia, and metabolic acidosis,
demanding prompt medical intervention to avert potentially life-threatening
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consequences [1]. The incidence of DKA has significantly increased in recent years,
reaching 7-10% among all hospitalizations of patients with Type 1 diabetes mellitus
(T1IDM)[2]. Despite advances in the treatment of TIDM, DKA remains one of the
leading causes of hospitalization, mortality, and severe complications, especially in
childhood and adolescence [3—5]. While DKA can occur in individuals with both type
1 and type 2 diabetes, its pathophysiology and clinical presentation may vary [1, 6, 7].
Also, hyperglycemic emergencies, such as DKA, are frequent reasons for
hospitalization among adults with diabetes [1, 8, 9].

Glycated hemoglobin (HbAlc) is a widely recognized marker of carbohydrate
metabolism compensation, reflecting the average blood glucose level over the past three
months. A high HbAlc level indicates chronic hyperglycemia and may be associated
with the development of insulin resistance, decreased tissue sensitivity to insulin, and
progressive metabolic decompensation [10, 11]. The degree of HbAlc elevation may
reflect the severity of the underlying metabolic disturbance and its impact on the
clinical course of DKA. The duration of DKA resolution represents a critical outcome
measure, reflecting the effectiveness of therapeutic interventions and the patient's
underlying metabolic state [12]. Understanding the interplay between HbA lc levels and
DKA resolution time is of paramount importance, as it can provide insights into the
underlying pathophysiology, guide treatment strategies, and ultimately improve patient
outcomes.

Understanding the interplay between HbAlc levels and the duration of DKA
resolution can be approached through several key perspectives, including the concept
of metabolic memory, the role of insulin resistance, and the influence of age-related
physiological variations [13, 14]. The phenomenon of metabolic memory suggests that
prior episodes of hyperglycemia and metabolic dysregulation can have long-lasting
effects on cellular function and metabolic pathways, even after blood glucose levels
have returned to normal [1, 15]. In the context of DKA, individuals with chronically
elevated HbAlc levels may exhibit persistent metabolic abnormalities, such as
increased oxidative stress, inflammation, and impaired insulin signaling, which can
contribute to a prolonged recovery time [9, 16]. Furthermore, effective communication
with a healthcare provider is vital for preventing DKA, along with access to medical
treatment and proper education [3].

Despite the existing body of research, several gaps remain in our understanding of
the relationship between HbAlc levels and the duration of DKA resolution across
different age groups. First, there is a lack of comprehensive studies that specifically
investigate this relationship in pediatric, adult, and geriatric populations. While some
studies may include patients of different ages, they often do not stratify the data by age
group or account for age-related physiological differences [17, 18]. Secondly, many
studies on DKA resolution time focus primarily on acute management parameters, such
as electrolyte correction and fluid resuscitation, without adequately addressing the
long-term metabolic control as reflected by HbAlc [19].

Current research has explored the relationship between HbAlc levels and various
aspects of diabetes management, including the risk of complications, glycemic control,
and treatment outcomes. Recent studies have examined the association between HbAlc
levels and the severity, duration, and outcomes of DKA episodes [16, 20]. Some studies
have shown that higher HbA1c levels are associated with a more severe presentation of
DKA, characterized by lower pH levels, wider anion gaps, and increased ketone
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levels [8, 21]. Furthermore, elevated HbAlc levels have been associated with a longer
duration of DKA resolution, necessitating more intensive interventions and an
increased risk of complications [6, 9]. Several investigations have demonstrated that
suboptimal care for DKA patients stems from low adherence, discontinuity of medical
care, understaffing, and inadequate experience [22, 23].

Patients with chronically elevated HbAlc may experience enhanced lipolysis-
induced ketogenesis and delayed metabolic adaptation during the development of
DKA, which can lead to a more severe course and increased time to stabilization [16,
20]. Increased insulin resistance in the setting of diabetes decompensation necessitates
higher doses of insulin to correct ketonemia, as well as a slower normalization of acid-
base balance[l, 6, 19]. However, the extent of the influence of HbAlc level on the
duration of DKA has not been fully studied. The rate of DKA resolution may vary
depending on the patient's age, as physiological and metabolic differences across age
groups can influence the clinical presentation, response to treatment, and overall
outcomes of DKA.

Children and adolescents, for instance, may exhibit a more rapid onset and
progression of DKA compared to adults due to factors such as increased hormonal
activity, higher rates of lipolysis, and greater susceptibility to dehydration. Older adults,
on the other hand, may have impaired renal function, reduced muscle mass, and
comorbidities that can complicate the management of DKA and prolong the time to
resolution. Consequently, this study aims to investigate the relationship between
HbA ¢ levels and the duration of DKA resolution across different age groups, offering
a comprehensive understanding of the clinical implications of this relationship.

2 Methodology

Retrospective study of medical records was conducted from January 2019 to
December 2023, based in the Department of Intensive Care of the Republican
Specialized Scientific-Practical Medical Center of Endocrinology named after
Academician Y.Kh. Turakulov. The study included 798 patients with a confirmed
diagnosis of type 1 diabetes mellitus (T1DM) hospitalized with a laboratory-confirmed
diagnosis of DKA, defined according to the standard criteria of the American Diabetes
Association (blood glucose >13.9 mmol/L, blood pH <7.3, bicarbonates <15 mmol/L,
presence of ketonemia or ketonuria).

Patients were divided into four age groups: 0-6 years, 7-12 years, 13-18 years, and
older than 18 years. All patients received standard therapy according to the international
ISPAD 2022 protocol (insulin therapy, rehydration, electrolyte correction).

Statistical analysis was performed using SPSS 28.0. Pearson's correlation analysis
and multiple regression analysis were used with the calculation of determination
coefficients (R?) and confidence intervals.
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3 Results

The study’s results are presented in the table below. Descriptive statistics detailing
baseline characteristics, including mean HbAlc levels and DKA resolution times for
each age cohort, are provided in Table 1.

Table 1. Clinical and metabolic parameters across different age groups of patients with DKA

0—6 years 7-12 years 13-18 years >18 years

Parameter ) Q@ 3) “) p-value

Patient age, years 4.7+1.1 9.7+1.7 15.6£1.6 28.7+12.9  0.0001 between all groups
(mean + SD)

Number of 1.06+£0.25  1.2+0.7 1.32+0.9 1.6+1.8 0.037 (1-3), 0.032 (1-4),
admissions (mean + 0.003 (2-4), 0.011 (3-4)
SD)

HbAlc (%) (mean + 11.8+2.6 12.6+2.3 13.442.7 13.0£2.4  0.005 (1-3), 0.025 (1-4),
SD) 0.003 (2-3), 0.009 (3-4)
Total daily insulin ~ 64.2425.8  85.6+5.8 150.3+5.4 190.2+5.7  0.003 (1-3), 0.0001 (1-4),
dose in ICU (units) 0.0001 (2-4, 2-3, 3-4)
DKA duration 15:15£1:37 14:07+0:33 14:30+0:24  15:15+1:37 —

(hours)

Table 1 shows that the mean HbA 1c levels at admission were notably high across all
age groups, ranging from 11.8+2.6% in the youngest cohort to 13.4+2.7% in the 13-18
years group, indicating chronic hyperglycemia. Specifically, higher HbAlc levels were
associated with a longer time to achieve resolution of acidosis, hyperglycemia, and
ketonemia. This finding suggests that individuals with chronically elevated blood
glucose levels, as reflected by higher HbA1c¢ values, may experience a delayed response
to standard DKA treatment protocols.

The results show significant differences in the number of admissions between certain
groups, particularly when comparing the youngest (0-6 years) and older groups (13-18
years and >18 years), as well as between the 7-12 years group and the >18 years group.
This suggests that older patients, particularly adults, tend to experience more frequent
episodes of DKA. This may be attributed to various factors, including longer disease
duration, potentially poorer adherence to insulin regimens, or the presence of
comorbidities that exacerbate glycemic control and increase DKA risk.

Significant differences were found in HbA1c between some groups, with the 13-18
year olds having the highest HbAlc levels compared to the younger groups. This
adolescent group (13-18 years) had the highest risk of repeated hospitalizations.

The total daily insulin dose in the ICU significantly differed between almost all
groups, with a clear trend of increasing insulin dose with increasing age. This escalating
insulin requirement with age in DKA patients suggests a potential age-related decrease
in insulin sensitivity or increased insulin resistance, which may necessitate more
aggressive insulin therapy to restore metabolic homeostasis.

The results of the study indicated a statistically significant positive correlation
between HbAlc levels and the duration of DKA resolution across all age groups (=
0.312, p<0.0001). Still, there were no significant differences in the duration of DKA
among any of the age groups. The primary factors influencing the speed of recovery
from DKA are the volume of infusion therapy, timely insulin administration, and
correction of electrolyte imbalances.
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4 Discussion

The study results confirm that the HbAlc level is a moderate predictor of DKA
duration; however, the main factor influencing patient stabilization remains the
adequacy of the insulin therapy administered. Other determinants of glycemic control,
such as the use of continuous subcutaneous insulin infusion and older age at diagnosis,
have been shown to have similar effect sizes in previous studies [24]. In addition,
parameters such as blood pH and 3-hydroxybutyrate (3HB) levels upon admission have
not shown a significant correlation with the time to DKA resolution, further
emphasizing the role of treatment efficacy over initial metabolic derangements [19].
This highlights the critical importance of optimizing therapeutic interventions,
particularly insulin regimens, to accelerate recovery and improve patient outcomes in
DKA management, irrespective of the initial severity of metabolic acidosis.

Several studies have found no significant correlation between HbAlc and the time
to DKA resolution [8, 11, 25]. This may be because HbA lc reflects the chronic level
of glycemia but does not account for the rate of metabolic decompensation in the acute
period [20]. However, in the current study, a low-to-moderate correlation was
identified between HbA I ¢ levels and the duration of DKA. This discrepancy may arise
from variations in study populations, definitions of DKA severity, or the specific
methodologies used for assessing DK A resolution. This discrepancy suggests that while
long-term glycemic control (HbA1c) offers some predictive utility, the acute metabolic
state and the efficacy of immediate therapeutic interventions, particularly insulin and
fluid management, remain paramount in determining DKA resolution [26].

4.1 Implications

Based on the result, the following implications can be drawn: while HbA 1¢ provides
insight into chronic glycemic control, it should not be the sole determinant for
predicting DKA resolution time.

1. HbAlc as a Predictor: HbAlc is related to the severity of DKA, as evidenced by
the higher insulin requirements in patients with higher HbAlc levels (r= 0.15,
p<0.0001). This highlights the importance of regularly monitoring HbAlc.

2. Insulin Resistance: The increasing TDD of insulin in the ICU with age strongly
suggests a role for increasing insulin resistance.

3. Adolescent Vulnerability: The adolescent group (13-18 years) stands out as a
particularly vulnerable population. They have the highest HbAlc levels and a high
risk of repeated hospitalizations.

4. Importance of Standardized Protocols: The fact that DKA duration was stable
across age groups, despite differences in HbA 1c and insulin requirements, suggests
that the standardized treatment protocol is effective in mitigating the impact of these
differences.

5. Focus on Prevention: The study emphasizes the importance of preventive
measures, including regular ketone monitoring, early detection of signs of
decompensation, and educational programs to reduce the frequency of DKA
episodes. Proper education and effective communication with healthcare providers
are also key.
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4.2  Clinical Significance of the Results

Predicting Insulin Requirements in DKA

The results confirm that patients with higher HbAlc levels require significantly
larger doses of insulin in the intensive care unit (p < 0.0001 between groups). This
finding is consistent with several studies, which noted that patients with an HbAlc level
above 12% are more likely to require more aggressive insulin titration due to
pronounced insulin resistance [31-33]. This highlights the need for earlier monitoring
and individualized insulin doses to reduce the risk of developing insulin
resistance. Therefore, early and sustained glycemic control, as indicated by lower
HbAlc levels, could potentially mitigate the need for intense insulin therapy during
DKA episodes and improve overall patient management.

Management Strategy for Patients with Chronic Decompensation

The results confirm that patients with higher HbAlc levels require significantly
larger doses of insulin in the intensive care unit (p < 0.0001 between groups). This
finding is consistent with several studies, which noted that patients with an HbAlc level
above 12% are more likely to require more aggressive insulin titration due to
pronounced insulin resistance [27, 28]. This highlights the need for earlier monitoring
and individualized insulin doses to reduce the risk of developing insulin
resistance. Therefore, early and sustained glycemic control, as indicated by lower
HbATlc levels, could potentially mitigate the need for intense insulin therapy during
DKA episodes and improve overall patient management.

e Insulin Needs: Patients with higher HbAlc require significantly larger doses of
insulin in the ICU. This highlights the importance of early monitoring and
personalized insulin dosing to minimize the risk of insulin resistance.

e Chronic Decompensation: A tailored approach is necessary for patients with
frequent hospitalizations due to DKA. These patients, particularly those with high
HbAlc levels, have an increased risk of recurrent DKA episodes, suggesting poor
glycemic control and inadequate treatment adherence. Intensive monitoring and
educational programs are crucial, especially for adolescents.

e Adolescent Risk: Adolescents are a high-risk group, noting their elevated HbAlc
levels and increased risk of repeated hospitalizations. Adolescents often neglect
insulin therapy and lack sufficient diabetes education. Support programs should be
tailored to address the behavioral factors that affect diabetes management in this age
group.

e Limited HbAlc Influence on DKA Duration: HbAlc doesn't significantly affect
DKA stabilization time. In the current study, the correlation was low to moderate.
Still, the primary factors determining the speed of recovery from DKA are the
volume of fluid therapy, timely insulin administration, and correction of electrolyte
imbalances. Therefore, for patients with high HbAlc, the focus should be on
achieving long-term HbAlc reduction and preventing DKA through regular
ketonemia monitoring and optimized insulin therapy.

It's essential to note that patients with high HbA1c levels often require higher insulin
doses. This elevated requirement underscores the necessity of individualized insulin
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titration strategies to effectively manage hyperglycemia in this vulnerable patient
population, thereby preventing prolonged DKA resolution.

Conversely, effective management strategies, including continuous subcutaneous
insulin infusion and continuous glucose monitoring, have been shown to reduce HbAlc
levels, thereby potentially mitigating the need for escalated insulin therapy during acute
DKA episodes.

Limitations and Directions for Future Research

The study is retrospective; further prospective studies with the control of additional
factors are needed. Further research should incorporate baseline laboratory
investigations such as pH levels, bicarbonate, and HbA 1¢ to enhance predictive models
for DKA mortality and long-term outcomes. Additionally, future investigations should
explore the impact of specific insulin regimens and fluid management protocols on
DKA resolution time, particularly in diverse patient populations.

5 Conclusion

Based on the research, the study concludes that while HbA 1c¢ is a moderate predictor
of DKA severity and may influence recovery duration, the primary determinant of
stabilization rate is the adequacy and timeliness of insulin therapy. The average daily
insulin dose in the ICU increases with age, reflecting increased insulin resistance and
metabolic decompensation in adults. Despite varying insulin requirements, the duration
of DKA remains stable across age groups due to standardized management protocols
and compensatory mechanisms. Special attention is required for patients with frequent
DKA hospitalizations, as they face a higher risk of recurrence and prolonged
stabilization due to factors like insulin resistance, fluid/electrolyte imbalances, and poor
treatment adherence. The adolescent group, exhibiting the highest HbAlc levels and
greater insulin needs, is particularly vulnerable and requires enhanced monitoring and
educational programs to improve therapy adherence. Therefore, patients with high
HbAlc necessitate an individualized approach to insulin therapy during DKA, with
dose adjustments based on insulin resistance levels. Strengthening preventive
measures, including regular ketonemia monitoring, early detection of decompensation
signs, and targeted educational programs, is crucial for reducing DKA episodes and
improving patient outcomes, with a specific emphasis on adolescents and individuals
frequently hospitalized.
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