
ORIGINAL RESEARCH PAPER

CHANGING PROFILE AND MANAGEMENT CHALLENGES AMONG CHILDREN 
WITH DIABETES MELLITUS 

Dr. Relve. P. 
Verghese*

Junior Resident, Dept. Of Paediatrics, Sree Mookambika Institute of Medical Sciences. 
*Corresponding Author

Dr. Elizabeth. K. E Professor and HOD, Dept. of Paediatrics, Sree Mookambika Institute of Medical Sciences.

Dr. Dipika. M. C Junior Resident, Dept. Of Paediatrics, Sree Mookambika Institute of Medical Sciences.

Dr. Sanjay. K. 
Masaraddi

Associate Professor, Dept. of Paediatrics, Sree Mookambika Institute of Medical 
Sciences.

Dr. Vijayakumar. B Professor, Dept. of Paediatrics, Sree Mookambika Institute of Medical Sciences.

INTRODUCTION: 
There is a changing prole in Diabetes Mellitus from the previous 
assumption that children develop Type1 Diabetes Mellitus (T1DM). 
T1DM is due to autoimmune destruction of pancreatic β-cells with  
insulin dependence,  . rdmortality rate 0.3-0.5% (1)  1/3  of T1DM present 
with DKA. Tight glycemic control is required for quality of survival 
and reduction in microvascular complications (1). T2DM is increasing 
among children and adolescents, especially in the developing 
countries, paralleling global obesity, sedentary lifestyle and 
globalisation  . DKA is uncommon in T2DM.(2)

Another subset that clinically resemble T2DM, but have 
immunogenetic markers of T1DM, is a slowly evolving form of 
autoimmune DM, described as LADY-Latent autoimmune diabetes of 
young/T1.5DM, similar to LADA-Latent autoimmune diabetes of 
adult (3). 

Various other genetic types are reported among children like Maturity 
Onset Diabetes of the Young (MODY) syndromes type 1-6, 
Mitochondrial, Wolfram Syndrome (WS) and Neonatal DM (NDM). 

stNDM has onset between 1  week to 6 months of life, usually occurs in 
preterm/SGA babies, but may resolve in 50% cases –Transient DM. 
Persistent NDM types have GATA4, GATA6, RfX6, IPF-1, EIF2AK3, 
GCK, FOXP3, PTF1A, GLIS3, Ins2 mutations, that require insulin 
and KCNJ11, ABCC8 mutations respond to sulphonylurea at higher 
doses. GATA4 mutation has AR inheritance, with pancreatic 
agenesis/hypoplasia, exocrine insufciency, cardiac defect and insulin 
dependence (4). 

WS has AR inheritance with Diabetes Insipidus (DI), DM, optic 
atrophy, deafness (DIDMOAD) and neurological signs-
bladder/bowel/temperature regulation dysfunction, psychiatric and 
endocrinological abnormalities. Classical form WS1 has WFS1 
mutation. WS2 has CDGSH iron-sulphur domain-containing protein 2 
(CIDS2) mutation, characterised by absence of DI and neurological 
signs, presence of bleeding, upper intestinal ulcer and defective 
platelet aggregation (5).

We report 5 cases -T1DM, T2DM, T1.5DM, NDM and WS2, 

highlighting the changing prole and management challenges, who 
presented during the period April 2021-September 2022.

Case 1 
Clinical Description

st rd13-year-old boy, 1  born, 3  degree consanguinity, birth weight 4.2kg 
with no family history of DM or gestational DM, presented with 
weight loss >20%, hyperglycemia and ketoacidosis. DM was 
diagnosed 6 months back elsewhere, not fully evaluated and was 
started on insulin, later given oral hypoglycemic agents. He had poor 
compliance to therapy. O/E: thin built, generalized wasting+, vitals 

2stable, Weight 27kg, Height 159cm, BMI 10.95kg/m , SMR stage 2, 
systemic examination- within normal limits. 

Management and Outcome:
At admission, RBS- 524mg/dl, HbA1c 15.6%, VBG: pH 7.15 -

 +corrected 7.20, PCO2 15 -corrected 10, HCO3 16, corrected 14, Na  
+ -132, K  4.5, Cl  94, Anion gap 26.5, urine sugar 3+, ketones +ve. VBG 

to ABG correction formula: pH: VBG pH+0.05, pCO2: VBG pCO2 – 
5, HCO3: VBG HCO3 – 2 (6). Moderate ketoacidosis conrmed and 
managed using Milwaukee protocol over 48 hrs. GRBS, electrolytes 
and VBG monitored and choice of uid and tonicity changed 
accordingly and stabilized on intermittent subcutaneous regular 
insulin. C-peptide 0.17nmol/L, value <0.2 conrmed T1DM (7). He 
was discharged on split-mix regimen using NPH and regular 
(0.9U/kg/day) as basal bolus insulin not affordable. Family was 
counselled regarding the need for adherence to insulin therapy, 
importance of physical activity, disciplined diet and maintaining log 
book. He was given a written-emergency care plan with contact 
telephone number of treating team.

On follow-up, the child showed good compliance to insulin therapy, 
and dietary/behavioral modication.

Case 2 
Clinical Description:
10-year-old girl with obesity, acanthosis nigricans grade 3 and 
polyphagia, high socio-economic status, positive family history of 
DM, presented with headache and nausea for 2 months. She was 
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evaluated elsewhere and on Topiramate suspecting migraine, with no 
relief. O/E: conscious, oriented, vitals stable, Weight 64.5kg, Height 

th138cm, BMI >27  adult equivalent, 231.5kg/m  - waist circumference 
th th76cm-70 -90  centile (8), SMR stage 2, systemic examination within 

normal limits.

Management And Outcome:
At admission, RBS -575mg/dl, HbA1c  Urine sugars 3+, 13.1%,
ketones +ve. VBG showed no acidosis, managed as diabetic ketosis 
without acidosis. Anti-glutamic acid decarboxylase (anti-GAD) 
5.2IU/ml and Anti-islet cell antibodies (anti-ICA) 1:10, both negative. 
Total Cholesterol 216mg/dl, elevated total cholesterol:HDL ratio-
5.4:1. Electrolytes, urea and creatinine normal. C-peptide high, 
1.27nmol/L and T2DM conrmed. initiated on basal-bolus insulin 
(0.6U/kg/day) and Metformin. Family was counselled regarding 
adherence to insulin therapy, importance of physical activity, 
disciplined diet and maintaining log book and keeping in touch with 
the treating team.

On follow-up, as blood sugar values were between 150-200mg/dl, 
insulin stopped, currently only on metformin with dietary/behavioural 
modications. 

Case 3
Clinical Description:
13-year-old boy, with no family history of DM, diagnosed elsewhere, 
presented with DKA. At 4 years of age, diagnosed with DKA, not fully 
evaluated and was on intermediate-acting isophane low dose insulin 
4U three times daily and had good exercise tolerance. O/E: lethargic, 
arousable, signs of dehydration +, thin built with generalized wasting, 
Vitals: tachycardia, low volume pulses, CRT 3secs, Weight 32kg, 
Height 158.5cm, BMI 12.8kg/m2. Systemic examination within 
normal limits. 

Management And Outcome: 
At admission, GRBS 566mg/dl, HbA1c 14.2%, VBG: pH 7.07 -

 +corrected 7.12, PCO2 13 -corrected 27, HCO310, corrected 8, Na  130, 
+ -K  5, Cl  97, Anion gap 28, urine sugar 3+, ketones +ve. Severe 

ketoacidosis conrmed and managed using Milwaukee protocol over 
48 hrs. GRBS, electrolytes and VBG monitoring done and choice of 
uid and tonicity changed accordingly, and later changed to 
intermittent subcutaneous regular insulin. C-peptide 0.35nmol/L, 
Anti-GAD 65 antibody 250IU/ml and Anti-ICA 1:4, both positive. C-
peptide >0.2nmol/L, +ve antibodies and initial low insulin 
requirements conrmed T1.5DM/LADY. Currently on basal-bolus 
regimen:Glargine and Regular (1.5U/kg/day). Family was counselled 
regarding adherence to insulin therapy, importance of physical 
activity, disciplined diet and maintaining log book and keeping in 
touch with the treating team.

On follow-up, child showed good compliance to insulin therapy, and 
dietary/behavioral modication.

Case 4:
Clinical description:

rdPreterm 36+1/7 weeker, male, 3  degree consanguinity with severe 
oligohydramnios and IUGR, SGA -1.5kg. O/E: RR: 75/min, 
retractions +, Spo2: 94%, pallor +, bilateral periorbital, scrotal and 
pedal edema +. Systemic examination -systolic murmur + upper 
sternal border. Other systems within normal limits. 

Management and Outcome:
Admitted to NICU, treated with IVF, prophylactic antibiotics, PRBC 
transfusion (Hb 7.6g/dl). Echocardiogram: ACHD–PFO, 2mm PDA 
(L→R), severe PAH, no CCF. Persistent hyperglycemia noted after 10 
hours of life, dextrose concentration changed accordingly, required 
insulin infusion (0.05U/kg/hour). C-peptide 0.17nmol/L, thyroid and 
cortisol levels normal. NDM-GATA4 mutation +ve. Stabilized on 
intermediate-acting insulin–NPH (1.6U/kg/day). Parents were 
counselled regarding the need for adherence to insulin therapy, 
maintaining logbook and keeping contact with the treating team.
On follow-up, infant showed good compliance to insulin therapy.

Case 5: 
Clinical description:

rd12-year-old girl, 3  degree consanguinity, birth weight 3kg, no family 
history of DM presented with polyuria. DM diagnosed at 4 years of 
age, on insulin. Developed defective vision by 8 years of age, no 

hearing loss. She had recurrent abdominal pain and malena. 
Endoscopy showed non-specic changes. O/E: moderately built, vitals 

2stable, Weight 42kg, Height 156cm, BMI 17.3kg/m , menarche  
attained, systemic examination -within normal limits. 

Management and Outcome:
At admission, RBS 325mg/dl, HbA1c 8.9%, Urine sugars 2+, ketones 
negative. Lipid prole, electrolytes, urea, creatinine normal. C-peptide 
0.16nmol/L. Anti-GAD 2.1IU/ml and Anti-ICA 1:10, both negative. 
Polyuria evaluated using water deprivation test and DI ruled out. 
Vision B/L 6/60, impaired colour vision, fundus-optic atrophy. 
Hearing-OAE normal. WS2 mutation +ve. Currently on basal-bolus 
insulin–glargine and ultra-fast-acting aspart-FIASP (0.7U/kg/day), 
from a charitable program. Family was given genetic counselling, 
dietary advice, physical activity, importance of maintaining log book 
and keeping contact with treating team.

On follow-up, the child showed good compliance to insulin therapy 
and dietary/behavioral modication. 

DISCUSSION
The ve different types of DM presented with challenges in diagnosis 
and treatment plan. The delay in assigning the type at diagnosis was the 
major hurdle. All of them required individualized plan of action. The 
varying clinical and laboratory prole of the different types are 
summarised in Table1.

Diagnostic criteria for DM include, fasting plasma glucose 
>126mg/dl, HbA1c >6.5% and/ 2-hour glucose level >200mg/dl with 
oral glucose tolerance test (9,10), but further tests are necessary to 
assign the type of DM. 

Case 1 was T1DM with insulin dependence, C-peptide <0.2nmol/L, 
positive autoantibodies, frequent DKA. As C-peptide was not checked 
initially, inadvertently put on oral hypoglycemics along with irregular 
insulin. The current management challenge was the choice of the 
insulin regimen due to nancial constraints.

C-peptide and fasting insulin are low in T1DM but high/normal in 
T2DM. C-peptide <0.2 nmol/L and positive autoantibodies indicate 
T1DM (7). Features of metabolic syndrome and insulin resistance like 
obesity, acanthosis nigricans, hypertension, dyslipidemia, PCOS and 
history of SGA are common in T2DM. 

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) 
>2.5 denotes insulin resistance, with good sensitivity and specicity 
among Indian adolescents (11). Low adiponectin-to-leptin ratio is 
noted in T2DM (12).  

Case 2 was T2DM, with insulin resistance, genetic predisposition, 
st ndstrong positive family history in 1 /2  degree relatives, obesity and 

features of insulin resistance.  C-peptide, negative autoantibodies, 
obesity, acanthosis nigricans and metabolic syndrome conrmed as 
T2DM. Her insulin could be stopped, requiring only dietary/ 
behavioural modication and Metformin.

Diabesity, co-existence of diabetes and obesity, is considered the 
modern epidemic which needs early intervention (13). Metformin, 
approved >10 years, has a benet of moderating weight gain with mild 
weight loss. In the early stages and when T2DM does not respond to 
dietary/behavioural modication, insulin is crucial for glycemic 
control (14).

Immune-mediated diabetes in children is a classic disease with insulin 
deciency at diagnosis with variable β-cell destruction. Among 747 
children with newly diagnosed T1DM, remission up-to 18 months was 
reported in only 3.4% with positive autoantibodies (15).  Similar to the 
slowly progressive form, occurring in adults-Latent Autoimmune 
Diabetes in Adults (LADA), children develop LADY-Latent 
Autoimmune Diabetes in the Young/T1.5DM (16). LADY is prevalent 
in youth with T2DM phenotype and forms a continuous spectrum from 
LADY to LADA, but LADY shows greater autoimmunity. 
Autoimmune m rdarkers of T1DM are positive in up-to 1/3  adolescents 
with DM,  which are absent in T2DM .(13)

Case 3 was T1.5DM/LADY with C-peptide >0.2nmol/L, positive 
antibodies and increasing insulin requirements during the course. He 
had an atypical course, initial low insulin requirements, infrequent 

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

International Journal of Scientific Research 21



DKA, with both GAD and ICA +ve. The management challenge was 
stabilizing severe ketoacidosis and convincing the need for higher 
insulin requirement.

Monogenic DM is rare, but distinct types like NDM and syndromes 
like WS present with diagnostic and management challenges.

Case 4 was NDM with persistent hyperglycemia and PDA, GATA4 
mutation +ve. Initially managed using insulin infusion, currently on 
low dose NPH insulin twice day. 

NDM is considered in persistent insulin-dependent hyperglycemia 
>250mg/dL for >7-10 days. Urine ketones, C-peptide, serum insulin 
and ultrasound abdomen are advisable to rule-out pancreatic agenesis. 
Early genetic testing is suggested whereas autoantibody testing 
delayed till 6 months of life, due to persistence of maternal 
autoantibodies in those with T1DM (17).

Case 5 was WS2, genetic mutation +ve, with DM, visual defect, 
abdominal pain and malena, no DI, hearing loss or endocrinological or 
neurological/psychiatric manifestations. She was on glargine and 
FIASP under a charitable scheme. FIASP mimics the physiologic 
prandial insulin release more closely than currently available rapid-
acting insulin products (18).

W S1 is an AR condition with DI, DM, OA, deafness (DIDMOAD), 
neurological, psychiatric, endocrinological and urological features 
with ER dysfunction resulting in β-cell death and neurodegeneration 
and WS2 has absence of DI and neurological signs, presence of 
bleeding, upper intestinal ulcer and defective platelet aggregation (5). 
GLP1 agonists-Exenatide is recommended in WS2. In WS2, iron 

overload results in DM and treatment with deferiprone and N-acetyl 
cysteine has shown to reduce mitochondrial iron levels in invitro 
studies. Human in-vivo studies are yet to validate its use (19). 

Treatment of DM remains challenging because of the variable 
spectrum and difculty in adapting lifestyle changes. optimum 
intervention is combination of optimal drug therapy, good adherence 
and dietary/behavioural modication. Current guidelines recommend 
the use of self-monitoring of blood glucose in children with DM. Self-
monitoring, maintenance of logbook proper interpretation of data by 
family and clinician improve glycemic control by facilitating timely 
treatment regimen modulation (20).

CONCLUSION: 
This case series highlights the changing prole of DM and 
management challenges, mostly due to failure of assigning the type of 
DM at diagnosis. All 5 types required individualised care plan. The 
importance of dietary/behavioural modications, adherence to 
medications and maintenance of logbook in DM is emphasised.

Lessons learnt:
1.  in view of the changing prole of DM among pediatric population, 

relevant tests are recommended to assign the subtypes: T1DM, 
T2DM, T1.5DM/LADY and monogenic DM at diagnosis for 
proper management and individualised precision care.

2.  In view of the diabesity pandemic, children with obesity and 
acanthosis nigricans/ features of metabolic syndrome should be 
screened for T2DM.

3.  Strict compliance to therapy, maintenance of log book, keeping 
close contact with the treating team and adherence to physical 
activities and behavioural modications remain the main stay in 
care of children with DM.
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Table 1: Clinical and Laboratory Profile of Various types of DM among Children

Type of diabetes T1DM T2DM T1.5DM Monogenic DM Wolfram syndrome
Age of onset 6 months to 18 years Puberty, rare <10 

years, more common 
in females

Adolescents < 6 months 6-11 years

Etiology Autoimmune, genetic 
predisposition (HLA)

Obesity, maternal 
GDM, genetic and 
ethnic predisposition

Autoimm
une

KCNJ11, ABCC8, 
INS, GATA6, GATA4

WFS1 mutation in WS1, 
mutations in CIDS2 in WS2, 
HLA predisposition, 
Autosomal recessive 
inheritance

Clinico-
investigatory 
ndings

Weight loss, low C-
peptide <0.2 nmol/L, 
positive auto-
antibodies 

Obesity, acanthosis 
nigricans, fatty liver 
disease, metabolic 
syndrome, positive 
family history, usually 
auto-antibodies absent

Weight loss, initial 
low insulin 
requirements, good 
exercise tolerance, C-
peptide >0.2, auto-
antibodies positive

Failure to thrive Diabetes insipidus*, Diabetes 
mellitus, optic atrophy, 
sensorineural deafness and 
neurological signs* (* absent 
in WS2)

Clinical Course Thyroid autoimmunity PCOS in females - - Diabetic retinopathy, 
neurological disorders 
(cerebellum, psychiatric)

Presentation present with DKA 
(25%)

present with DKA (5-
20%)

Present as DKA Presents as DKA Rarely present as DKA

Treatment High doses of insulin Lifestyle modication, 
Metformi, Insulin

Insulin, initially low, 
later high doses

Sulphonylurea for 
KCNJ11 and ABC 
C8, Insulin for others

Insulin – lower doses give 
satisfactory control
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