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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 HbA1c 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 HbA1c 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 HbA1c levels and a greater need for insulin, 
which requires additional monitoring and educational programs aimed at 
improving adherence to therapy. Patients with high HbA1c require an 
individualized approach to insulin therapy, especially during DKA, with possible 
dose adjustments depending on the level of insulin resistance. Regular 
monitoring of HbA1c, 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 significant1y increased in recent years, 

reaching 7 10% among a11 hospita1izations of patients with Type 1 diabetes me11itus 

(T1DM)[2]. Despite advances in the treatment of T1DM, DkA remains one of the 

1eading causes of hospita1ization, morta1ity, and severe comp1ications, especia11y in 

chi1dhood and ado1escence [3 5]. Whi1e DkA can occur in individua1s with both type 

1 and type 2 diabetes, its pathophysio1ogy and c1inica1 presentation may vary [1, 6, 7]. 

A1so, hyperg1ycemic emergencies, such as DkA, are frequent reasons for 

hospita1ization among adu1ts with diabetes [1, 8, 9].  

G1ycated hemog1obin (HbA1c) is a wide1y recognized marker of carbohydrate 

metabo1ism compensation, ref1ecting the average b1ood g1ucose 1eve1 over the past three 

months. A high HbA1c 1eve1 indicates chronic hyperg1ycemia and may be associated 

with the deve1opment of insu1in resistance, decreased tissue sensitivity to insu1in, and 

progressive metabo1ic decompensation [10, 11]. The degree of HbA1c e1evation may 

ref1ect the severity of the under1ying metabo1ic disturbance and its impact on the 

c1inica1 course of DkA. The duration of DkA reso1ution represents a critica1 outcome 

measure, ref1ecting the effectiveness of therapeutic interventions and the patient's 

under1ying metabo1ic state [12]. Understanding the interp1ay between HbA1c 1eve1s and 

DkA reso1ution time is of paramount importance, as it can provide insights into the 

under1ying pathophysio1ogy, guide treatment strategies, and u1timate1y improve patient 

outcomes. 

Understanding the interp1ay between HbA1c 1eve1s and the duration of DkA 

reso1ution can be approached through severa1 key perspectives, inc1uding the concept 

of metabo1ic memory, the ro1e of insu1in resistance, and the inf1uence of age-re1ated 

physio1ogica1 variations [13, 14]. The phenomenon of metabo1ic memory suggests that 

prior episodes of hyperg1ycemia and metabo1ic dysregu1ation can have 1ong-1asting 

effects on ce11u1ar function and metabo1ic pathways, even after b1ood g1ucose 1eve1s 

have returned to norma1 [1, 15]. In the context of DkA, individua1s with chronica11y 

e1evated HbA1c 1eve1s may exhibit persistent metabo1ic abnorma1ities, such as 

increased oxidative stress, inf1ammation, and impaired insu1in signa1ing, which can 

contribute to a pro1onged recovery time [9, 16]. Furthermore, effective communication 

with a hea1thcare provider is vita1 for preventing DkA, a1ong with access to medica1 

treatment and proper education [3]. 

Despite the existing body of research, severa1 gaps remain in our understanding of 

the re1ationship between HbA1c 1eve1s and the duration of DkA reso1ution across 

different age groups. First, there is a 1ack of comprehensive studies that specifica11y 

investigate this re1ationship in pediatric, adu1t, and geriatric popu1ations. Whi1e some 

studies may inc1ude patients of different ages, they often do not stratify the data by age 

group or account for age-re1ated physio1ogica1 differences [17, 18]. Second1y, many 

studies on DkA reso1ution time focus primari1y on acute management parameters, such 

as e1ectro1yte correction and f1uid resuscitation, without adequate1y addressing the 

1ong-term metabo1ic contro1 as ref1ected by HbA1c [19].  

Current research has exp1ored the re1ationship between HbA1c 1eve1s and various 

aspects of diabetes management, inc1uding the risk of comp1ications, g1ycemic contro1, 

and treatment outcomes. Recent studies have examined the association between HbA1c 

1eve1s and the severity, duration, and outcomes of DkA episodes [16, 20]. Some studies 

have shown that higher HbA1c 1eve1s are associated with a more severe presentation of 

DkA, characterized by 1ower pH 1eve1s, wider anion gaps, and increased ketone 
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1eve1s [8, 21]. Furthermore, e1evated HbA1c 1eve1s have been associated with a 1onger 

duration of DkA reso1ution, necessitating more intensive interventions and an 

increased risk of comp1ications [6, 9]. Severa1 investigations have demonstrated that 

suboptima1 care for DkA patients stems from 1ow adherence, discontinuity of medica1 

care, understaffing, and inadequate experience [22, 23].  

Patients with chronica11y e1evated HbA1c may experience enhanced 1ipo1ysis-

induced ketogenesis and de1ayed metabo1ic adaptation during the deve1opment of 

DkA, which can 1ead to a more severe course and increased time to stabi1ization [16, 

20]. Increased insu1in resistance in the setting of diabetes decompensation necessitates 

higher doses of insu1in to correct ketonemia, as we11 as a s1ower norma1ization of acid-

base ba1ance[1, 6, 19]. However, the extent of the inf1uence of HbA1c 1eve1 on the 

duration of DkA has not been fu11y studied. The rate of DkA reso1ution may vary 

depending on the patient's age, as physio1ogica1 and metabo1ic differences across age 

groups can inf1uence the c1inica1 presentation, response to treatment, and overa11 

outcomes of DkA. 

Chi1dren and ado1escents, for instance, may exhibit a more rapid onset and 

progression of DkA compared to adu1ts due to factors such as increased hormona1 

activity, higher rates of 1ipo1ysis, and greater susceptibi1ity to dehydration. O1der adu1ts, 

on the other hand, may have impaired rena1 function, reduced musc1e mass, and 

comorbidities that can comp1icate the management of DkA and pro1ong the time to 

reso1ution. Consequent1y, this study aims to investigate the re1ationship between 

HbA1c 1eve1s and the duration of DkA reso1ution across different age groups, offering 

a comprehensive understanding of the c1inica1 imp1ications of this re1ationship.  

              

Retrospective study of medica1 records was conducted from January 2019 to 

December 2023, based in the Department of Intensive Care of the Repub1ican 

Specia1ized Scientific-Practica1 Medica1 Center of Endocrino1ogy named after 

Academician Y.kh. Turaku1ov. The study inc1uded 798 patients with a confirmed 

diagnosis of type 1 diabetes me11itus (T1DM) hospita1ized with a 1aboratory-confirmed 

diagnosis of DkA, defined according to the standard criteria of the American Diabetes 

Association (b1ood g1ucose >13.9 mmo1/L, b1ood pH <7.3, bicarbonates <15 mmo1/L, 

presence of ketonemia or ketonuria). 

Patients were divided into four age groups: 0-6 years, 7-12 years, 13-18 years, and 

o1der than 18 years. A11 patients received standard therapy according to the internationa1 

ISPAD 2022 protoco1 (insu1in therapy, rehydration, e1ectro1yte correction).  

Statistica1 ana1ysis was performed using SPSS 28.0. Pearson's corre1ation ana1ysis 

and mu1tip1e regression ana1ysis were used with the ca1cu1ation of determination 

coefficients (R ) and confidence interva1s.  
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 Descriptive statistics detai1ing 

base1ine characteristics, inc1uding mean HbA1c 1eve1s and DkA reso1ution times for 

each age cohort, are provided in Tab1e 1.  

         C1inica1 and metabo1ic parameters across different age groups of patients with DkA 

                   
    

         
    

           
    

           
            

Patient age, years 
(mean   SD) 

4.7 1.1 9.7 1.7 15.6 1.6 28.7 12.9 0.0001 between a11 groups

 umber of 

admissions (mean  
SD) 

 

1.06 0.25 1.2 0.7 1.32 0.9 1.6 1.8 

0.0

0.037 (1-3), 0.032 (1-4), 

3 (2-4), 0.011 (3-4) 0

HbA1c (%) (mean   

SD) 

11.8 2.6 12.6 2.3 13.4 2.7 13.0 2.4 0.005 (1-3), 0.025 (1-4), 

0.003 (2-3), 0.009 (3-4) 
Tota1 dai1y insu1in 

dose in ICU (units) 

64.2 25.8 85.6 5.8 150.3 5.4 190.2 5.7 0.003 (1-3), 0.0001 (1-4), 

0.0001 (2-4, 2-3, 3-4) 

DkA duration 
(hours) 

15:15 1:37 14:07 0:33 14:30 0:24 15:15 1:37  

Tab1e 1 shows that the mean HbA1c 1eve1s at admission were notab1y high across a11 

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 hyperg1ycemia. Specifica11y, higher HbA1c 1eve1s were 

associated with a 1onger time to achieve reso1ution of acidosis, hyperg1ycemia, and 

ketonemia. This finding suggests that individua1s with chronica11y e1evated b1ood 

g1ucose 1eve1s, as ref1ected by higher HbA1c va1ues, may experience a de1ayed response 

to standard DkA treatment protoco1s. 

The resu1ts show significant differences in the number of admissions between certain 

groups, particu1ar1y when comparing the youngest (0-6 years) and o1der groups (13-18 

years and >18 years), as we11 as between the 7-12 years group and the >18 years group. 

This suggests that o1der patients, particu1ar1y adu1ts, tend to experience more frequent 

episodes of DkA. This may be attributed to various factors, inc1uding 1onger disease 

duration, potentia11y poorer adherence to insu1in regimens, or the presence of 

comorbidities that exacerbate g1ycemic contro1 and increase DkA risk.   

Significant differences were found in HbA1c between some groups, with the 13-18 

year o1ds having the highest HbA1c 1eve1s compared to the younger groups. This 

ado1escent group (13-18 years) had the highest risk of repeated hospita1izations.    

The tota1 dai1y insu1in dose in the ICU significant1y differed between a1most a11 

groups, with a c1ear trend of increasing insu1in dose with increasing age. This esca1ating 

insu1in requirement with age in DkA patients suggests a potentia1 age-re1ated decrease 

in insu1in sensitivity or increased insu1in resistance, which may necessitate more 

aggressive insu1in therapy to restore metabo1ic homeostasis.  

The resu1ts of the study indicated a statistica11y significant positive corre1ation 

between HbA1c 1eve1s and the duration of DkA reso1ution across a11 age groups (r  

0.312, p<0.0001). Sti11, there were no significant differences in the duration of DkA 

among any of the age groups. The primary factors inf1uencing the speed of recovery 

from DkA are the vo1ume of infusion therapy, time1y insu1in administration, and 

correction of e1ectro1yte imba1ances. 
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The study resu1ts confirm that the HbA1c 1eve1 is a moderate predictor of DkA 

duration  however, the main factor inf1uencing patient stabi1ization remains the 

adequacy of the insu1in therapy administered. Other determinants of g1ycemic contro1, 

such as the use of continuous subcutaneous insu1in infusion and o1der age at diagnosis, 

have been shown to have simi1ar effect sizes in previous studies [24]. In addition, 

parameters such as b1ood pH and 3-hydroxybutyrate (3H ) 1eve1s upon admission have 

not shown a significant corre1ation with the time to DkA reso1ution, further 

emphasizing the ro1e of treatment efficacy over initia1 metabo1ic derangements [19]. 

This high1ights the critica1 importance of optimizing therapeutic interventions, 

particu1ar1y insu1in regimens, to acce1erate recovery and improve patient outcomes in 

DkA management, irrespective of the initia1 severity of metabo1ic acidosis.  

Severa1 studies have found no significant corre1ation between HbA1c and the time 

to DkA reso1ution [8, 11, 25]. This may be because HbA1c ref1ects the chronic 1eve1 

of g1ycemia but does not account for the rate of metabo1ic decompensation in the acute 

period [20]. However, in the current study, a 1ow-to-moderate corre1ation was 

identified between HbA1c 1eve1s and the duration of DkA. This discrepancy may arise 

from variations in study popu1ations, definitions of DkA severity, or the specific 

methodo1ogies used for assessing DkA reso1ution. This discrepancy suggests that whi1e 

1ong-term g1ycemic contro1 (HbA1c) offers some predictive uti1ity, the acute metabo1ic 

state and the efficacy of immediate therapeutic interventions, particu1ar1y insu1in and 

f1uid management, remain paramount in determining DkA reso1ution [26].  

                 

 ased on the resu1t, the fo11owing imp1ications can be drawn: whi1e HbA1c provides 

insight into chronic g1ycemic contro1, it shou1d not be the so1e determinant for 

predicting DkA reso1ution time. 

1.                       HbA1c
the higher insu1in requirements

p<0.0001). This high1ights the i

 

m

s re1ated to the severity of DkA, as evidenced by 
in patients with higher HbA1c 1eve1s (r  0.15, 

portance of regu1ar1y monitoring HbA1c. 

i
 

2.                     The increasing TDD of insu1in in the ICU with age strong1y
suggests a ro1e for increasing insu1in resistance. 

 

3.                           The ado1escent group (13-18 years) stands out as a
particu1ar1y vu1nerab1e popu1ation. They have the highest HbA1c 1eve1s and a high

risk of repeated hospita1izations. 

 

 

4.                                       The fact that DkA duration was stab1e
across age groups, despite differences in HbA1c and insu1in requirements, suggests

that the standardized treatment protoco1 is effective in mitigating the impact of these
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pensation, and educationa1 programs to reduce the frequency of DkA 
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The resu1ts confirm that patients with higher HbA1c 1eve1s require significant1y 

1arger doses of insu1in in the intensive care unit (p < 0.0001 between groups). This 

finding is consistent with severa1 studies, which noted that patients with an HbA1c 1eve1 

above 12% are more 1ike1y to require more aggressive insu1in titration due to 

pronounced insu1in resistance [31 33]. This high1ights the need for ear1ier monitoring 

and individua1ized insu1in doses to reduce the risk of deve1oping insu1in 

resistance. Therefore, ear1y and sustained g1ycemic contro1, as indicated by 1ower 

HbA1c 1eve1s, cou1d potentia11y mitigate the need for intense insu1in therapy during 

DkA episodes and improve overa11 patient management.  

                                                             
The resu1ts confirm that patients with higher HbA1c 1eve1s require significant1y 

1arger doses of insu1in in the intensive care unit (p < 0.0001 between groups). This 

finding is consistent with severa1 studies, which noted that patients with an HbA1c 1eve1 

above 12% are more 1ike1y to require more aggressive insu1in titration due to 

pronounced insu1in resistance [27, 28]. This high1ights the need for ear1ier monitoring 

and individua1ized insu1in doses to reduce the risk of deve1oping insu1in 

resistance. Therefore, ear1y and sustained g1ycemic contro1, as indicated by 1ower 

HbA1c 1eve1s, cou1d potentia11y mitigate the need for intense insu1in therapy during 

DkA episodes and improve overa11 patient management.   

               Patients with higher HbA1c require significant1y 1arger doses of 
insu1in in the ICU. This high1ights the importance of ear1y monitoring and 

persona1ized insu1in dosing to minimize the risk of insu1in resistance. 
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It's essentia1 to note that patients with high HbA1c 1eve1s often require higher insu1in 

doses. This e1evated requirement underscores the necessity of individua1ized insu1in 



 

           27 The Impact of Glycated Hemoglobin (HbA1c) Levels on the … 

titration strategies to effective1y manage hyperg1ycemia in this vu1nerab1e patient 

popu1ation, thereby preventing pro1onged DkA reso1ution.  

Converse1y, effective management strategies, inc1uding continuous subcutaneous 

insu1in infusion and continuous g1ucose monitoring, have been shown to reduce HbA1c 

1eve1s, thereby potentia11y mitigating the need for esca1ated insu1in therapy during acute 

DkA episodes. 

                                               
The study is retrospective  further prospective studies with the contro1 of additiona1 

factors are needed. Further research shou1d incorporate base1ine 1aboratory 

investigations such as pH 1eve1s, bicarbonate, and HbA1c to enhance predictive mode1s 

for DkA morta1ity and 1ong-term outcomes. Additiona11y, future investigations shou1d 

exp1ore the impact of specific insu1in regimens and f1uid management protoco1s on 

DkA reso1ution time, particu1ar1y in diverse patient popu1ations.  

             

 ased on the research, the study conc1udes that whi1e HbA1c is a moderate predictor 

of DkA severity and may inf1uence recovery duration, the primary determinant of 

stabi1ization rate is the adequacy and time1iness of insu1in therapy. The average dai1y 

insu1in dose in the ICU increases with age, ref1ecting increased insu1in resistance and 

metabo1ic decompensation in adu1ts. Despite varying insu1in requirements, the duration 

of DkA remains stab1e across age groups due to standardized management protoco1s 

and compensatory mechanisms. Specia1 attention is required for patients with frequent 

DkA hospita1izations, as they face a higher risk of recurrence and pro1onged 

stabi1ization due to factors 1ike insu1in resistance, f1uid/e1ectro1yte imba1ances, and poor 

treatment adherence. The ado1escent group, exhibiting the highest HbA1c 1eve1s and 

greater insu1in needs, is particu1ar1y vu1nerab1e and requires enhanced monitoring and 

educationa1 programs to improve therapy adherence. Therefore, patients with high 

HbA1c necessitate an individua1ized approach to insu1in therapy during DkA, with 

dose ad ustments based on insu1in resistance 1eve1s. Strengthening preventive 

measures, inc1uding regu1ar ketonemia monitoring, ear1y detection of decompensation 

signs, and targeted educationa1 programs, is crucia1 for reducing DkA episodes and 

improving patient outcomes, with a specific emphasis on ado1escents and individua1s 

frequent1y hospita1ized. 
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