
October- December, 2015/ Vol 2/ Issue 4                                                                                         ISSN 2349-5499 

                                                                                                                                                    Research Article 

Pediatric Review: International Journal of Pediatric Research          Available online at: www.pediatricreview.in       100 | P a g e  

 

A study on glycemic control and related complications in type I 

diabetic children 
 

Alkarani T Patil1, Rajashekara Murthy G R2, Hema GR3 

 
1Dr Alkarani T Patil, Associate Professor of Pediatrics, 2Dr Rajashekara Murthy G R, Associate Professor of Pediatrics, 
3Dr Hema G R, Post Graduate. All are affiliated with Department of Pediatrics, Indira Gandhi Institute of Child Health, 

Banglore, Karnataka, India 

 

Address for Correspondence: Dr Alkarani T Patil, No.885, 22nd Cross, 7th Sector, H.S.R. Layout, Bangalore, Email :    

alkaranipatilurs@gmail.com 

……………………………………………………………………………………………………………………………….. 

Abstract  

Introduction: Type I Diabetes Mellitus is a common, chronic, metabolic syndrome characterized by hyperglycaemia as a 

cardinal biochemical feature. Patients with diabetes mellitus face an increased risk of morbidity and mortality due to 

micro and macrovascular complications caused by diabetes.  There is lack of Indian studies on diabetic children. Hence 

this study was undertaken to know glycaemic control and related complications in type I diabetes mellitus. Materials 

and methods: This is a Prospective study conducted in Diabetic Clinic at Indira Gandhi institute of Child Health, 

Bengaluru for 1 year. Study group had 34 diabetic children; they were followed up for period of one year to assess 

glycaemic control and complications of the disease. Results: 34 children were followed up for a period of one year to 

study glycaemic control and related complications. Glycaemic control was assessed using HbA1c. Seven children had 

good and 27 had poor glycaemic control. Factors associated with poor glycemic control were analyzed. Age at onset of 

the disease more than 12, duration of disease more than 5 years, female children in pre-pubertal age were associated with 

poor control. Children were followed up for development of complications. 4 children presented with DKA (11.76%), 12 

had hypoglycaemia (35.29%). Conclusion: Poor glycaemic control was associated with longer duration of disease, 

female sex and disease being diagnosed in pubertal period. 
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Introduction 

Diabetes Mellitus is a chronic metabolic syndrome 

which is characterized by hyperglycemia as a 

predominant biochemical feature [1]. Diabetes is 

divided into two major forms: (i) those caused by 

deficiency in the secretion of insulin caused by damage 

to the β-cell of pancreas (type 1 DM), and (ii) those that 

are a result of insulin resistance occurring at the level of 

adipose tissue, skeletal muscle and liver, with various 

degrees of β-cell dysfunction (type 2 DM) [1]. 

 

Below the age of 15 years, the incidence of type 1 

diabetes is increasing among children in many 

countries. About 78,000 children <15 years of age are 

estimated to develop type 1 DM annually worldwide, 

with overall annual increase estimated to be 3% [2]. Of 

the 4,90,000 children with type 1 DM, 24% of children  
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are from the European region, and 23% from the South-

East Asia [2]. The prevalence of children with type 1 

DM in South-East Asia, according to International 

Diabetic federation is estimated to be high.  An 

estimated 18,000 children <15 years of age in the 

regions (Nainital, Uttarakhand, Ratlam, Madhya 

Pradesh, and Bhilwara in Rajasthan) were newly 

diagnosed for type 1 DM in the year 2011 [2].  

 

Strict glycemic control is absolutely necessary in the 

treatment of diabetic children to prevent micro and 

macro vascular complications in the future as 

demonstrated in the Diabetes Control and 

Complications Trial research (DCCT) study [1]. 

Hyperglycemia is a necessary factor but not adequate 

enough for development of diabetic nephropathy [3], 

whereas hyperglycemia seems to be the significant risk 

factor for proliferative retinopathy [4]. During Puberty, 

rapid growth and hormonal changes occur in the body 
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and is often characterized by impairment in glycemic 

control, and all these factors may advance the 

development of complications in diabetes [5,6]. It has 

been addressed that early, pre-pubertal strict glycaemic 

control contributes to the advancement of microvascular 

complications to a lesser grade [7]. But, microvascular 

complications can even occur early in the prepubertal 

years [8-10] and there is need for both short and long-

term glycaemic control [11]. There is a lack of Indian 

data to support these findings. Hence this study was 

done to study the glycaemic control and related 

complications in Type 1 Diabetic children. 

Materials & Methods 

This is a prospective study for one year between 

February 2011 to January 2012 at Indira Gandhi 

institute of child health, Bangalore, with the objective to 

study the glycemic control and related complications in 

type I diabetic children.  

 

Children aged between 1-18 years, diagnosed as 

diabetes as per American Diabetes Association (ADA) 

criteria for diabetes mellitus [symptoms suggestive of 

diabetes plus random plasma glucose ≥200 mg/dl (11.1 

mmol/L) or fasting plasma glucose ≥126 mg/dl (7.0 

mmol/L) or presenting with complications) were 

included [12].  

 

Children <1 year and >18 years and those with transient 

or stress induced hyperglycaemia were excluded from 

the study. Data collection was done using a structured 

proforma which included disease related characteristics 

and demographic factors. 

 

Clinical examination was done in all children including 

Tanners staging. In addition to routine investigations, 

HbA1c estimation of all cases was done with high-

performance liquid chromatography (HPLC) and the 

children were assessed for glycaemic control as per 

ADA Criteria by classifying them into preschoolers, 

school age and adolescents with HbA1c of < 8.5%, < 

7.5% and < 7% respectively [13]. Children were 

followed up for one year to assess the short term and 

long term complications of diabetes as per screening 

guidelines of ADA. 

 

Children presenting with DKA were classified as mild, 

moderate and severe as per ISPAD guidelines [14] and 

were assessed for the development of complications. 

Children diagnosed as diabetes presenting with 

hypoglycaemia were classified as asymptomatic and 

symptomatic as per ADA recommendation. 

Microalbuminuria was assessed using spot albumin-

creatinine excretion and was classified as per American 

Diabetic Association recommendation [13]: 

microalbuminuria: 30-299 microgram/mg creatinine 

and macro (clinical) albuminuria >300 microgram/mg 

creatinine. Diabetic Retinopathy was assessed by 

fundus examination.  

 

Neuropathy was assessed clinically for the loss of pain, 

temperature, vibration perception and position sense, or 

presence of abnormal sensations in the limbs suggesting 

peripheral neuropathy and 10-g monofilament pressure 

sensation at the distal plantar aspect of both great toes 

and metatarsal joints, and assessment of ankle reflexes. 

Limited Joint Mobility (LJM) was assessed clinically 

for the presence of prayer sign , which is due to 

metabolic perturbations in diabetes (including 

glycosylation of collagen consequent to prolonged 

hyperglycemia, which results in abnormal cross linkage 

of collagen which renders it resistant to mechanical and 

enzymatic degradation and collagen accumulation in 

skin and periarticular structures; microvascular 

abnormalities with damage to blood vessels and nerves) 

resulting in changes in the connective tissue [15,16]. 

 

Insulin requirement in units per kg at the beginning and 

end of the study and regularity of the clinical visits was 

assessed. Adherence to diet was assessed as per ISPAD 

recommendations. Children were assessed for 

comorbidities like hypothyroidism with relevant clinical 

and laboratory investigations. Children were classified 

as good glycemic control and poor glycemic control 

group according to the target level of HbA1c for age, 

recommended by the ADA [13]. The findings of the 

study were analyzed to find out the Glycemic Control 

and complications of the disease. Data thus obtained 

was analyzed in SPSS software and Fisher Exact test 

was used to see how different factors influenced 

different outcomes. 

Results 

The study group had 34 children with type I Diabetes Mellitus. Adolescents were the majority with 47%. Twenty(58.8%) 

were females and 14(41.2%) were males. F: M=1.4:1.  Eighteen(52.9%) were from rural area and 16(47.1%) from urban   

area. Eighteen (52.95) had a duration of disease less than 5 years and 16(47.1%) had a duration of more than 5 years. 

None had delayed puberty. 
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61.77% of the total were underweight, 35.30% had a normal BMI. 7(20.6%) had good glycaemic control and 27(79.4%) 

had poor glycaemic control. 12 children had hypoglycaemia. 8(23.5%) had symptomatic hypoglycaemia and 4(11.8%) 

had asymptomatic hypoglycaemia. 

 

Table No. 1: Demographic data, duration of treatment, BMI and hypoglycemia 

Data Number Percentage 

Age distribution 

1-6 Yrs 

7-12 Yrs 

13-17 Yrs 

 

5 

13 

16 

 

14.70 

38.23 

47.05 

Sex 

Female 

Male 

 

20 

14 

 

58.8 

41.2 

Region 

Rural 

Urban 

 

18 

16 

 

52.9 

47.1 

Duration of Treatment in years 

1-5 years 

>5 years 

 

18 

16 

 

52.9 

47.1 

BMI 

Underweight 

Normal 

Overweight 

 

21 

12 

1 

 

61.77 

35.29 

2.9 

Hypoglycemia 

Absent 

Asymptomatic 

Symptomatic 

 

22 

4 

8 

 

64.7 

11.8 

23.5 

  

Table No 2: Complications of Diabetes Mellitus 

Complications Number Percentage 

DKA 4 11.76 

Hypoglycaemia 12 35.29 

Nephropathy 1 2.9 

Retinopathy 0 0 

Neuropathy 1 2.9 

Limitation of joint mobility 3 8.82 

Lipohypertrophy 8 23.52 

 

Out of 34 children, short term complications like DKA and hypoglycaemia were noticed in 4[11.76%] and 12[35.29%]. 

Microvascular complications like nephropathy and neuropathy were noted in 1[2.9%] child for each group. Limitation of 

joint mobility was noted in three children (8.82%). 
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Adolescents had poor glycemic control (p=0.008). Insulin requirement in units per kg was 0.77 in children with good 

glycaemic control and 0.87 in poor glycaemic control. Hypoglycemia was more in children with good glycaemic control 

(p=0.034). 

 

Table No 3: Association of various factors with glycemic control 

Factor Good control (n & %) Poor control (n & %) Fisher exact test 

p-value 

Age at diagnosis 

1-12 yrs 

>12 yrs 

 

7(38.7) 

0 

 

11(64.37) 

16 (100) 

 

0.008 

Sex  

Female 

Male 

 

3 (15) 

4 (28.6) 

 

17 (85) 

10 (78.4) 

 

0.4099 

Duration of Diabetes 

<5 years  

>5 years 

 

3 (16.7) 

4 (25) 

 

15 (83.3) 

12 (75) 

 

0.681 

DKA 

Absent 

Present 

 

6(23.33) 

0(0) 

 

23(76.67) 

4(100) 

 

0.441 

Hypoglycemia 

Absent 

Present 

 

2(28.57) 

5(71.43) 

 

20(74.1) 

7(25.93) 

 

0.034 

Discussion 

The primary objective of the study was to analyze the 

glycemic control and related complications in Type 1 

diabetic children. This study included 34 children with 

type 1 diabetes mellitus who were followed up for a 

period of one year. For glycaemic control, age was 

found to be an important factor.  

 

Children with poor glycaemic control had higher mean 

age of 13.5 years than those with good glycemic 

control. Vanelli M al [17] who studied children and 

adolescents with diabetes, found that increasing age was 

associated with a higher mean HbA1c. Adolescents tend 

to have worst glycaemic control than younger children 

with DM [17].  

Dramatic changes occur during puberty, which includes 

the acceleration and cessation of somatic growth, the 

development of secondary sexual characteristics, and 

onset of reproductive function [17]. 

 

Furthermore, exposure to stressful conditions associated 

with puberty may aid to the poor glycaemic control 

through stimulation of the autonomic nervous system to 

induce hyperglycaemia [17]. The poor glycaemic 

control in adolescents relates to the rapid biologic 

changes of puberty along with challenges of adapting to 

life style that require self-management of dietary 

practices, exercise behaviors, and insulin adjustment 

[18].  

 

 

It was noticed in this study that gender was not 

associated with glycaemic control. But when we 

compared patients of different age groups according to 

gender, we found that female patients aged >12 years 

had higher percent (68.75%) of poor glycaemic control 

than males of the same age group (31.25%). This result  

has been recorded by Setoodeh et al [19] who attributed 

to the high fat content of their bodies with subsequent 

increase in adipocytokines as peptin and adiponectin 

which decreases insulin sensitivity [19]. 

 

In our study, patients with BMI below normal had 

higher proportion of good control than patients who had 

a normal BMI or were overweight. This was similar 

with the results of Mohammed et al. [18]. In the present 

study, 22.22% of the children in the group with duration 

of disease < 5 years had a good glycaemic control and 

83.34% had poor control with duration of disease > 

5years which was similar to the results in the study 

done by Mohammed et al. The worsening glycaemic 

control with increasing duration in type 1 DM is due to 

progressive loss of beta cell function and the difficulty 

of the patients to continuously monitor blood glucose 

level and adjust to the regimen of treatment, diet, and 

exercise [18]. 

 

Children who were young (<12 years) at onset of 

disease were having good glycaemic control, whereas 
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patients who are old (> 12 years) at onset of disease 

were in the group of poor glycaemic control 

(p<0.0008). E.M Gerstl et al demonstrated a strong 

association between glycaemic control and patient age. 

Children aged <10 years had a mean HbA1c of 7.6, 

children aged 11-20 years had a significantly higher 

average level of glycaemic control (p<0.0001) [20]. The 

results of Hvidore study also showed an increase in 

HbA1c from 8.3% in children < 11years of age to 8.9% 

in children aged 12-18 years [21]. 

 

Insulin required in units per kg was comparable in both 

the groups. Adherence to diet was comparable in both 

the groups. Of the 34 children studied, 19 children had 

complications of diabetes mellitus. DKA was found in 

4(11.76%) children, one child presenting as severe 

DKA and remaining three as moderate DKA, 

hypoglycaemia in 12 (35.29%) children, of which 8 had 

symptomatic hypoglycaemia requiring some form of 

assistance as either oral or intravenous glucose and 4 

had asymptomatic hypoglycaemia. One child had urine 

microalbuminuria positive (323microgram/mg of 

creatinine) who was diagnosed to have diabetes at the 

age of 1 year, with a duration of disease of 9.5 years. 

She was started on tablet enalapril, following which the 

albuminuria decreased (115microgram/mg of 

creatinine). One child who is presently 16 years 

developed neuropathy with a duration of diabetes of 

10.5 years. 3 children developed limited joint mobility 

and 8 had lipohypertrophy. None developed retinopathy 

during our study period. Revers et al has studied the 

relation between DKA and lower socio-economic status 

and have found that DKA is increased in patients with 

lower socio-economic status [22]. 

 

Maria E. Craig et al have reported that severe 

hypoglycaemia was more frequent in those with HbA1c 

level lower than 8% and was lowest in those with an 

HbA1c level higher than 9%. In our study also we 

found a similar relation between HbA1c and glycaemic 

control. Children with good control had more episodes 

of hypoglycaemia than with poor glycaemic control (p-

0.034) [23]. 

 

K Izumi et al have reported an increase in the incidence 

of retinopathy with poor glycaemic control.25% in 

those with HbA1c >12.5, 7.3% with HbA1c of 10-12.4 

and none with lower HbA1c level [24]. 

 

Donaghue et al [25] and Mohsin et al [26] have found 

that microalbuminuria is consistent with adolescents 

and increases with duration of diabetes in years. 

Silverstein et al have demonstrated a clinically 

substantial 2-fold to 3-fold risk of LJM with HbA1C 

levels above 8% on average over a period of years. For 

every 1% increase in HbA1C level, there was a 2.5-fold 

increase in the risk of LJM and the routine monitoring 

of joint mobility in clinical practice, performed by 

passive manipulation, can provide an indicator of long-

term status and risk of complications, however, 

checking for LJM cannot substitute for appropriate 

ophthalmologic and renal evaluation for early detection 

of complications because a substantial proportion of 

patients will experience these complications without 

limited joint mobility [27].  

Conclusion 

Female adolescents, older age at disease presentation 

and children with duration of diabetes more than 5 

years are prone to have poor glycemic control. 

Hypoglycemia is the common complication, followed 

by Diabetic Ketoacidosis and Limitation of joint 

mobility. Hypoglycemia is associated with children 

who had good glycemic control and younger age group. 

Routine monitoring of joint mobility, educating the 

parents/caregivers about the prevention of diabetic 

ketoacidosis and hypoglycemia is recommended in 

preventing these complications. 
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