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Introduction: Diabetic ketoacidosis (DKA) is characterized by a triad of hyperglycemia,
acidosis and ketonemia. Microalbuminuria is an early predictor of diabetic nephropathy and is
associated with higher levels of HbAlc. The present study aimed to evaluate the role of
Microalbuminuria and HbAlc in the assessment of diabetes control in children with TIDM
hospitalized with diabetic ketoacidosis

Material & Methods: After taking approval from IEC, this prospective study was conducted
on 38 children <18 years of age who presented for the first time with TIDM or with established
T1DM admitted to Pediatric ICU at IMCHRC, Indore. Patients qualifying inclusion criteria
and exclusion criteria were enrolled after obtaining written informed consent. Detailed history
including the duration of diabetes in established T1DM children along with clinical
examination and investigations such as blood glucose, arterial blood gases, serum electrolytes,
urine sugar, and urine ketone bodies was done. Statistical analysis was done by SPSS 22.0
version software with P value <0.05 statistically significant.

Results: 21.1% had debut and 78.9% had established TIDM. On admission, 60% had poor
HbAlc control and microalbuminuria was found in 18% with established TIDM (mean
duration: 4.28 £+ 1.25 years. A significant association was found between urine
microalbuminuria and HbAlc > 9% and duration of diabetes > 4 years. A significant difference
was found between the mean HbAlc value at the time of admission and three months after
treatment (P <0.05).

Conclusion: Assessment of microalbuminuria is needed in pediatric T1DM patients, especially
in those with HbA1c > 9% and duration of diabetes > 4 years, to evaluate the risk of diabetic
nephropathy.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease characterized by elevated
blood glucose levels resulting from insulin deficiency. [1] The prevalence of TIDM is
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increasing in Indian subcontinent, and it ranges from 3.7 to 10.2 per 100,000 population, with
a higher prevalence in urban areas and in males.[2]

Acute complications of diabetes such as hyperglycemia and diabetic ketoacidosis (DKA) are
the prime causes of increased morbidity and mortality. However, microvascular and
macrovascular changes cause significant mortality over time. [3]

Literature reveals that patients with DKA and those with nephropathy have higher mortality
rates. [4] Diabetic nephropathy usually develops approximately ten years post diagnosis of
T1DM. Microalbuminuria is an early predictor of diabetic nephropathy and is associated with
higher levels of glycosylated haemoglobin (HbAc). [5]

HbAc is a biochemical marker that is used routinely in diabetic patients to monitor long-term
glycemic control and assess the risk of developing complications. Urine microalbumin and
HbAIc play an important complementary role, and their availability for clinical use together
with improvement in therapies would help improve metabolic control in diabetic children. [6]
However, there is a paucity of research and guidelines concerning the association of
microalbuminuria and HbAlc in TIDM children, especially in Indian subcontinent. In advent
of same the present study aimed to evaluate the correlation of severity of diabetic ketoacidosis
with glycosylated hemoglobin (HbAlc) and microalbuminuria in type 1 diabetes mellitus
pediatric patients.

MATERIAL AND METHODS

The prospective study was conducted at the Department of Pediatrics at a tertiary care hospital
in Department of IMCHRC, Indore from August 2022 to March 2023 after obtaining ethical
clearance from the institutional Ethics committee. A written informed consent was taken from
all the patients qualifying the inclusion criteria.

Study Design: Prospective Study.

Sample Size: Thirty-eight children less than 18 years of age with debut or established TIDM
admitted to the Pediatric Intensive Care Unit were recruited into the study after obtaining
written informed consent from their parents/guardians.

Inclusion criteria: Patient less than 18 years of age with debut or established TIDM and
children with TIDM presenting with DKA who are admitted in paediatric intensive care unit
of IMCHRC and Patients whose Parent/Guardian consented for the study were recruited into
the study

Exclusion criteria: Patient more than 18 years of age, patient with Type II Diabetes Mellitus,
children with DKA who are partially treated for DKA outside IMCHRC, children with diabetes
mellitus with nephrotic syndrome, chronic renal failure and chronic liver disease, children with
diabetes mellitus who also have other endocrine disorders like SIADH, hypothyroidism &
glucocorticoid deficiency were excluded from the study.

Method: Detailed history including the duration of diabetes in established TIDM children
along with clinical examination and investigations such as blood glucose, arterial blood gases,
serum beta-hydroxy butyrate, serum electrolytes, urine sugar, and urine ketone bodies were
recorded. Diabetic ketoacidosis was defined as blood glucose > 200 mg/dL with venous pH <
7.3 and bicarbonate < 15 mmol/L and ketonemia (blood B-hydroxybutyrate concentration > 3
mmol/L) or moderate or severe ketonuria. [7]
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The number of past episodes of DKA in each of the subjects was recorded. Microalbuminuria
is defined as albumin to creatinine ratio (ACR) between 30 and 299 mg/g. [8] However, it was
assessed on the first morning using 5 mL of spot urine sample, collected in a clean plastic
container. The ACR ratio was calculated in mg albumin/gm of creatinine. Urinary albumin was
estimated by the immune turbidimetric end-point method by using Bio Lab diagnostic reagents.
[9] Urinary creatinine was estimated by Jaffe’s method using Transasia Bio-Medicals reagents.
[10] Microalbuminuria was confirmed by repeating the ACR ratio test after 48 hours using 5
mL of fresh morning’s first urine spot sample.

While testing for ACR, the patient was well-hydrated and afebrile to avoid false positivity for
microalbuminuria. HbA1c was estimated by the high-pressure liquid chromatography method
(Bio-Rad D10 model) by collecting 2 mL blood sample in an ethylenediamine tetra-acetic acid
container at the time of admission and three months afterward during follow-up [11] It was
standardized as per the National Glycohemoglobin Standardization Program (NGSP). [12] The
American diabetic association guidelines suggest that target HbAlc level should be < 7.5% in
T1DM children less than 18 years. [13] The values of HbA 1c were categorized for the purpose
of this study as good control (6 - 7.5%), fair control (7.51 - 9%), and poor control (> 9%).
Patients diagnosed with DKA were managed as per the International Society of Pediatric and
Adolescent Diabetes (ISPAD) clinical practice consensus guidelines protocol 2018. [14]

After successful management of acute DKA episode, at the time of discharge, all patients were
advised to undergo treatment with basal bolus insulin therapy with appropriate counseling and
regular follow-up every 15 days.

Statistical Analysis

Data were analyzed using SPSS 25.0 version software. Continuous variables are expressed in
mean * standard deviation (mean £ SD), while categorical variables are expressed as
percentage and frequency. Wilcoxon-sign-rank test was used to examine differences between
means. Proportion test was used to find the proportion difference. A P-value of less than 0.05
was considered statistically significant.

RESULTS

The mean age of the children was 7.443.7 years (range: 5 months to 13 years), and 53% of the
patients were female. Of the total (n = 38) hospitalized children, 21.1% (n = 8) and 78.9% (n
= 30) had debut and established T1DM, respectively.

On admission, 60% (n = 23) of the patients had poor HbAlc control. Microalbuminuria was
found in 18% (n = 7) of the children, and all these children had established TIDM with the
mean duration of diabetes 4.28 + 1.25 years. None of the children with debut TIDM had
microalbuminuria. The youngest child with microalbuminuria was 8 years old, while the oldest
was 13 years old. In the children with microalbuminuria, the average level of HbAlc was >
9%.

A significant association was found between urine microalbuminuria and HbAlc > 9% (P =
0.032) and duration of diabetes > 4 years (P = 0.032; Table 1).
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Association between Microalbuminuria and HbAlc

HbAlc (> 9%) HbA1lc (£9%) P Value

6 (86%) 1(14%) 0.032
Microalbuminuria Association between Microalbuminuria and Duration of
present (n=07) Diabetes

Duration of diabetes |Duration of diabetes P value

(> 4 years) (<4 years)

6 (86%) 1(14%) 0.032

Table 1. Association of Microalbuminuria with HbAlca and Duration of Diabetes on
Admission

Three months after treatment, the status of HbAlc was improved from poor control to good
and fair control (Table 2).

HbAlc Number of patients at the Number of patients at 3 P
time of admission (%) months after treatment (%) value
Good 09 (24%) 18 (47%) 0.055
Control
Fair Control | 06 (16%) 17 (45%) 0.012
Poor Control | 23 (60) 03 (8%) <0.001
Table 2. Distribution of Patients Before and After Treatment According to HbAlca
Category

Similarly, a significant difference was found between the mean HbAlc value at the time of
admission and the same value three months after treatment (9.76 £ 2.77 vs. 7.75 £ 1.28; P =
0.00012). The mean number of past DKA episodes was 2.85 £ 1.74. The mean number of past
DKA episodes in “good HbAlc control” patients was less (1.3 per person) than in “fair HbAlc
control” (2.8 per person) and “poor HbA 1c control” patients (2.4 per person).

A significant proportion difference was observed between the number of past DKA episodes
(P=1.363e-13) according to HbA1c control. The distribution of past DKA episodes according
to HbAlc is shown in Table 3.

HbAlc @ Total no of DKA | Percentage Number of DKA episodes P

episode (%) per person value
Good 12 14.29 1.3 <0.001
Fair 17 20.24 2.8
Poor 55 65.48 24

Table 3. Past Diabetic Ketoacidosis Episodes According to HbAlc
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DISCUSSION

Type 1 diabetes mellitus increases the risk of microvascular complications, such as
nephropathy, retinopathy, and neuropathy. Increased incidence of TIDM with the burden of
microvascular complications can influence the prognosis of young patients. Microalbuminuria
is an early clinical indicator of diabetic nephropathy and is a predictor of increased
cardiovascular mortality and morbidity. [15] This study was undertaken to evaluate the
prevalence of microalbuminuria and its association with HbAlc and to assess level of HbAlc
in T1DM children with DKA on admission and three months after admission to assess diabetic
control. Additionally, the study evaluated the correlation between HbA lc level and the number
of past DKA episodes.

In this study, the demographic characteristics such as age and gender were commensurate with
the characteristics reported in literature. [16] In this study, microalbuminuria was present in 18
% of the subjects, and all of these had poorly controlled glycemic levels. Various studies have
found the prevalence of microalbuminuria in TIDM to range from 3.3% to 29.6%. [17] The
occurrence of microalbuminuria is dependent on various factors such as age, gender, duration
of diabetes, glycemic control, insulin dose, and lipid profile of the patient. Poorly controlled
diabetes has been consistently found to be associated with microalbuminuria in various studies.
[18-20] Checking for the presence of microalbuminuria is recommended after five years of
diabetes in prepubertal children and after two years in post pubertal patients. [16] In previous
studies, it has been suggested that the presence of persistent microalbuminuria among diabetic
patients may require annual assessment for the presence of microalbuminuria. [18]

Diabetic ketoacidosis is a common presentation in TIDM patients, and it arises due to the lack
of adequate insulin in the body resulting in lipid being used as a source of energy. Insulin
deficiency results in increased glucagon levels, which results in the release of free fatty acids
from the fatty tissue and amino acids from muscles. [21] It is a potentially life-threatening
condition with risk factors including children < 2 years, delayed diagnosis, and patients from
lower socioeconomic strata with limited access to healthcare. Diabetic ketoacidosis at the time
of diagnosis of diabetes is ominous of long-term poor glycemic control. [22] Likewise, in this
study, poor and fair diabetes control were associated with higher episodes of DKA when
compared with good glycemic control, demonstrating that higher HbAlc level is associated
with increased morbidity in the form of increased episodes of DKA.

This study also established the need for the evaluation of DKA and microalbuminuria with
HbAlc in TIDM patients, as there is a paucity of research in this area. In this study, patient
management with insulin therapy with appropriate counseling and regular follow-up resulted
in good diabetic control. However, the study has certain limitations as HbAlc level is usually
affected by the presence of hemoglobin variants and elevated levels of fetal Hb. In addition,
since the study is unicentric, it is not well-grounded. Thus, a similar multicenter study with a
larger sample size and precise assessment of HbAlc would yield more generally applicable
results.

CONCLUSION

Overall, 18% and 60% of the patients had microalbuminuria and poor HbAlc control,
respectively. In this study, poor and fair diabetes control were associated with higher episodes
of DKA when compared with good glycemic control, demonstrating that higher HbAlc level
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is associated with increased morbidity in the form of increased episodes of DKA. It can be
concluded that patient management with insulin therapy with appropriate counselling and
regular follow-up results in good diabetic control. However, the study has certain limitations
as HbAlc level is usually affected by the presence of hemoglobin variants and elevated levels
of fetal Hb. In addition, since the study is unicentric, it is not wellgrounded. Thus, a similar
multicenter study with a larger sample size and precise assessment of HbA1c would yield more
generally applicable results.

IMPLICATIONS

Assessment of microalbuminuria is needed in pediatric T1DM patients, especially in those with
HbAlc > 9% and duration of diabetes > 4 years, to evaluate the risk of diabetic nephropathy.
Management with insulin therapy along with appropriate counselling and regular follow-up
can significantly contribute to good glycemic control.
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