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Abstract
Introduction: Optimal glycaemic control is essential for the prevention of future micro- and macrovascular complications in type 1 
diabetes (T1D). The type of insulin, the type of insulin delivery device, the caregiver’s knowledge, the patient’s age, duration of dia-
betes, and self-monitoring of blood glucose affect glycaemic control in type 1 diabetes. In the present study, we analysed glycaemic 
control and factors affecting it at a tertiary care centre in northern India.
Material and methods: A retrospective review of records of patients registered between 2015 and 2018 was done. The data on 
demographic and disease-related factors were collected from the records. The different groups were compared with the t-test, one-
way ANOVA, or Kruskal-Wallis test.
Results: The mean age at the time of evaluation was 10.43 ±4.04 years (2–21 years), and the mean disease duration was 46.61 
±28.49 months (16–141 months). Most of the patients were prepubertal and using a basal-bolus regimen. The mean glycated hae-
moglobin (HbA1c ) was 7.96 ±1.46%, but only 24% had HbA1c below the International Society of Paediatric and Adolescent Diabetes 
(ISPAD) recommended desirable level of below 7%. Forty-six patients suffered one or more micro-macrovascular complications, and 
dyslipidaemia was the most common complication. Children with a longer duration of disease (8.39 ±1.42% vs. 7.59 ±1.65%), an 
episode of DKA (diabetes ketoacidosis) within a year of evaluation (9.19 ±2.54% vs. 7.93 ±1.39%), lower maternal (8.22 ±1.37% 
vs. 7.56 ±1.45%) and paternal education (8.26 ±1.67% vs. 7.78 ±1.30%), and hyperthyroid state (9.43 ±2.28% vs. 7.91 ±1.45%) 
had higher HbA1c.
Conclusions: Better diabetes education focusing on parents with lower education strata and children with longer disease duration 
and poor compliance can help improve glycaemic control in developing countries like India.
Key words:
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Introduction 
The famous Diabetes Control and Complication Trial (DCCT) 

unequivocally demonstrated the importance of prolonged rea-
sonable glycaemic control to reduce the risk of microvascular 
and macrovascular complications in patients with type 1 diabe-
tes [1]. According to the International Diabetes Federation (IDF) 
atlas, India has the highest number of children and adolescents 
living with diabetes in the age group 0–19 years (229,400), and 
24,000 new cases are recognised in this pool annually [2]. Be-
sides several management tools and diabetes education ad-
vancements, glycaemic control in a  large population remains 
suboptimal [3]. Poor glycaemic control in the early years of dis-
ease adversely affects neurodevelopment and raises the risk 
for long-term complications [1, 4]. Standard of care, patient’s 

age, disease duration, type of insulin, insulin delivery method, 
and personal and social factors could affect glycaemic control 
in paediatric TID [5]. Identifying and correcting modifiable fac-
tors will improve the delivery of diabetes care and glycaemic 
control. This study assessed glycaemic control and factors af-
fecting it at our tertiary care hospital in Northern India. 

Material and methods

This was a  retrospective study of T1D children attending 
a  tertiary care hospital in Northwest India between 2015 and 
2018. The patients who had a follow-up of at least one year af-
ter registration in the clinic and one clinic visit in the year pre-
ceding the survey were eligible for inclusion in the study. The 
diagnosis of type T1D (symptoms suggestive of diabetes plus 
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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) was per ISPAD guidelines [6]. The data on 
age, sex, disease duration, insulin regimen, comorbidities, pa-
rental education, glycated haemoglobin (HbA1c), frequency of 
diabetes ketoacidosis (DKA) in the last year, and severe hypo-
glycaemic episodes were extracted from the clinic records for 
the year preceding the survey. The insulin regimen is intensive 
if the patient receives insulin injections 3 or more times a day. 
The weight, height, and body mass index (BMI) Z scores were 
calculated according to national growth reference charts (IAP 
2015) [7]. The pubertal status was assessed with Tanner stag-
ing. HbA1c was assessed with the HPLC method. Glycaemic 
control was categorized into adequate control (HbA1c < 7.0%), 
suboptimal control (7.0% ≤ HbA1c  <  9.0%), and poor control 
(HbA1c ≥ 9.0%) groups. Dyslipidaemia was defined as fasting 
low-density lipoprotein (LDL) cholesterol of more than 100 mg/dl  
and triglyceride level greater than 170 mg/dl [8]. A severe hy-
poglycaemic episode was defined as a hypoglycaemic episode 
associated with severe cognitive impairment requiring external 
assistance for recovery. The parental education was categorised 
into illiterate, secondary, senior secondary, graduate, and post-
graduate. The information on associated autoimmune diseases 
was also collected. The thyroid status was classified according 
to thyroid function test, and celiac disease was diagnosed based 
on duodenal biopsy. In total, 500 patients were screened during 
this period, and complete information was available for 281 pa-
tients. The patients were categorised and compared according 
to factors affecting glycaemic control such as age, sex, duration 
of diabetes, caregiver education, history of DKA or severe hy-
poglycaemic episodes in the last one year, and presence of an 
autoimmune condition. The continuous variables are reported as 
mean ±SD, and categorical variables are expressed as percent-
ages. The normality of data was assessed with the Shapiro-Wilk 
test and visual inspection of the histogram. The various catego-
ries were compared with the t-test, ANOVA, and Kruskal-Wallis 
Test. After adjusting for other variables, multivariate and logistic 
regression were conducted to assess the significant factors, in-
fluencing glycaemic control. The data were analysed with IBM 
SPSS Statistics for Windows, Armonk, NY: IBM Corp. The depart-
mental review board gave ethical clearance for the study.

Results

The mean age at the time of evaluation was 10.43 
±4.04 years (2–21 years), and the mean disease duration was 
3.88 ±2.37 years (1.33–11.75 years). The mean height (1.04 
±1.180) and BMI Z scores (0.03 ±1.05) of the cohort were nor-
mal, but 19 patients (6.7%) were stunted (height < –2Z), and 
6.8% were obese (BMI > 27 kg/m2 adult equivalent according 
to IAP 2015 charts). The mean HbA1c of the study cohort was 
7.96 ±1.46%. Adequate control was found in 75 (24%) patients, 
while 159 (50.8%) had optimal and 79 (25.2%) were poorly con-
trolled. The prevalence of hypothyroidism, hyperthyroidism, 
and celiac disease was 22 (7.2%), 6 (2%) and 46/263 (17.5%), 
respectively. Forty-six patients suffered one or more micro-mac-

rovascular (dyslipidaemia 22, microalbuminuria 11, retinopathy 
9, cataract 3, autoimmune hepatitis 1) complications, and dys-
lipidaemia was the most common complication. Most patients 
received a basal-bolus regimen with a mean insulin dose of 1.10 
±0.52 U/kg (basal 39%, bolus 61%; Table I). The mean HbA1c 
was similar between males and females in different age groups 
and insulin regimens. The child’s pubertal status, severe hy-
poglycaemic episodes, and comorbidities like hypothyroidism 
and celiac disease did not affect the mean HbA1c values. How-
ever, the HbA1c values were significantly higher in children with 
a  longer duration of disease (8.39 ±1.42% vs. 7.59 ±1.65%, 
p-value 0.04), who had an episode of DKA within a  year of 
evaluation (9.19 ±2.54% vs. 7.93 ±1.39% p-value  <  0.01), 
and lower maternal education status (8.22 ±1.37% vs. 7.56 
±1.45%, p-value 0.01) and paternal education (8.26 ±1.67 vs. 
7.78 ±1.30, p-value < 0.01) and hyperthyroid state (9.43 ±2.28 
vs. 7.91 ±1.45, p-value 0.03; Table II) On multiple regression 
analysis, disease duration (β  =  0.39, p-value  =  0.007) was 
a significant predictor of HbA1c after adjusting for age, age at 
diagnosis, gender, insulin regimen, and pubertal, thyroid, and 
celiac disease status. On multiple logistic regression analysis, 
the hyperthyroid status was associated with poor glycaemic 
control (HbA1c > 9%; p-value = 0.028, β = 16.45) after adjust-
ing for age, gender, disease duration, insulin regimen, pubertal 
status, and thyroid and celiac disease status.

Discussion

Optimal glycaemic control is essential to decrease the risk 
of future microvascular complications in T1D. The recent multi-
country study attainment of adequate glycaemic control ac-
cording to guidelines is achievable in only a small proportion of 
patients. The SEARCH (USA) and YDR (India) registries study 
showed that only 45–50% of patients achieved adequate con-
trol in the USA with different insulin regimens, while the num-
bers dropped to 8.5–12% in the Indian registry [9]. A similar 
trend was observed in other countries also. The median HbA1c 
in the cohort varied from 7.2 to 9.4%. Various factors influence 
diabetic control including age, gender, duration of disease, ru-
ral status, access to insurance and health care, and associated 
autoimmune diseases. However, the data on predictors affect-
ing glycaemic control are scarce and variable [5, 10, 11].

Most of our patients used analogue insulins with insulin 
pens and had adequate control comparable to that seen in de-
veloped countries [9]. Most Indian patients are still using insulin 
syringes and older insulin, and the mean HbA1c in these stud-
ies varied from 8.2 to 11% [9, 12, 13]. Our study participants 
had lower HbA1c than previous Indian studies and reports from 
other developing countries due to better insulins and frequent 
blood sugar monitoring (4 times/day). 

The duration of diabetes also affects glycaemic control. As 
the age and duration of the disease increase, the glycaemic 
control worsens, as shown by the recent study [10, 11]. The 
honeymoon phase and supervised parental care in the early 
years of diagnosis are factors associated with better glycae-
mic control in the early years after diagnosis. The present study 
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Table I. Clinical and demographic characteristics of the study cohort

Age (in years) 10.43 ±4.04

Sex

Male 163 (52%)

Female 150 (48%)

Age at diagnosis (years) 7.00 ±6.6

Duration of disease (years) 3.88 ±2.37

Parents’ education Mother (n = 304) Father (n = 305)

Illiterate 17 (5.6%) 13 (4.3%)

Secondary 126 (41.3%) 111 (36.4%)

Senior secondary 64 (21%) 72 (23.6%)

Undergraduate 48 (15.8%) 83 (27.2%)

Postgraduate 49 (16.1%) 26 (8.5%)

Parents’ occupation Mother (n = 304) Father (n = 297)

Govt Job 27 (8.9%) 57 (19.2%)

Pvt Job 18 (5.9%) 78 (26.3%)

Business 4 (1.3%) 66 (22.2%)

Farmer 7 (2.3%) 34 (11.4%)

Labourer 56 (18.9%)

Housewife 243(79.9%)

Height, height Z score# 138 (34.4) – 0.18 (1.78), 19 stunted (10 male, 9 females)

BMI Z core# –0.06 (1.04) (6.8% obese, 19.5% overweight)

Pubertal status

Prepubertal 129 (41.2%)

Pubertal 54 (17.3%)

Post pubertal 58(18.5%)

Not recorded 71 (22.7%)

Insulin regimen

Basal bolus 255 (81.5%)

Mixed split 51 (16.3%)

Pump 7 (2.2%)

Insulin requirement (IU/kg/day) 1.10 ±0.52

Basal dose (%) 38.87 ±13.79

Bolus dose(%) 61.55 ±13.44

Mean HbA1c at diagnosis (%) 11.99 ±2.73
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showed significantly lower HbA1c in the first 2 years of diagno-
sis. Similar results have been reported by Yazidi et al. [14]. 

The present study did not show any difference in glycaemic 
control in boys versus girls, but females had higher HbA1c, simi-
lar to the observations in a cohort of Scottish T1D children [5]. 
The glycaemic control was identical in different age groups. 
Similar results have been reported by previous Indian field stud-
ies [3, 12]. In contrast, Noorani et al. reported better control in 
younger children due to supervised care by parents [15]. How-
ever, larger cohorts have shown poorer control in the female sex 
and older age groups (after 15 years of age) [10].The mother 
is the primary caregiver for T1D in most countries, and mater-
nal education status is an essential determinant of glycaemic 
control in these children. We observed a better glycaemic con-
trol in children with mothers who had higher education, and the 
results were consistent with the study results of Husref et  al. 
[16]. As in a previous Iranian study, we also found a positive 
impact on the father’s education status in our cohort [17]. Our 
study showed that better compliance and parental education 
for a better understanding of diabetes and its management are 
more important than the insulin regimen used by the patient.

The children who suffered an episode of DKA in the year 
preceding the survey had higher HbA1c, depicting better gly-
caemic control in this subgroup. Puberty is also associated 
with increased insulin resistance and poor glycaemic con-
trol  [14]; we also found higher HbA1c in pubertal children, but 
the difference was non-significant, probably due to the smaller 
sample size. 

Autoimmune diseases are often associated with T1DM and 
usually worsen the glycaemic control in children. Hyperthyroid 
children in our study had significantly higher HbA1c due to the 
metabolic effects of thyroid hormones on glucose metabolism. 
Celiac disease has also been reported to affect glycaemic con-
trol. Children with celiac disease had poorer control in our co-
hort, but the difference was non-significant [18–20].

Poor glycaemic control is associated with long-term com-
plications. 11/69 (15.9%) and 9/67 (13.4%) of the eligible 
screened patients suffered from microalbuminuria and diabetic 
retinopathy in our cohort. This prevalence is higher than the 
previous recent reports. Inadequate control and possible gly-
caemic variability in our cohort might be responsible for these 
higher rates [21].

Table I. Clinical and demographic characteristics of the study cohort (cont.)

Best HbA1c during the year (%), range 7.15 ±1.42 (4.20–16.60)

Worst HbA1c (%) 8.87 ±1.85 (5.80–16.20)

Mean HbA1c (%) 7.96 ±1.46

Glycaemic control Adequate – 75 (24%), optimal – 159 (50.8%), poor – 79 (25.2%)

Frequency of HbA1c in last one year 1 (6.7%), 2 (17.8%), 3 (26.2%), 4 (40.9%)

Number of visits during last year 1 (3.8%), 2 (10.2%), 3 or more (80.2%)

DKA at presentation 17 (5.4%)

Thyroid status

Euthyroid 271

Hypothyroid 22

Hyperthyroid 6

Celiac disease 46 (14.7%)

Microvascular and macrovascular complications Cataract – 3, microalbuminuria – 11, autoimmune hepatitis – 1, 
retinopathy – 9, dyslipidaemia – 22

Severe hypoglycaemia episodes 60 (19.2%)

Serious infection 3 (1%)

Lipodystrophy 63 (20.1%)

# Median (interquartile range)
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Conclusions
Parental education, disease duration, hyperthyroid state, 

and a DKA episode in the year preceding the survey are signifi-

cant factors influencing HbA1c in our study. Better diabetes edu-
cation focusing on parents with lower education strata and chil-
dren with longer disease duration and poor compliance can help 
improve glycaemic control in developing countries like India. 

Table II. Comparison of the factors affecting glycaemic control in type 1 diabetes

Variable Mean HbA1c 
(%)

p-value

Age group* 0.103

0–6 years (n = 48) 7.78 ±1.21

6–12 years (n = 139) 7.84 ±1.43

> 12 years (n = 94) 8.21 ±1.59

Duration of illness* 0.04

0–24 months (n = 67) 7.59 ±1.65

25–60 months (n = 140) 7.90 ±1.33

> 60 months (n = 74) 8.39 ±1.42

Sex** 0.590

Male (n = 163) 7.91 ±1.38

Female (n = 117) 8.01 ±1.57

Thyroid status* 0.03

Euthyroid (n = 250) 7.91 ±1.45

Hypothyroid (n = 19) 8.14 ±1.04

Hyperthyroid (n = 6) 9.43 ±2.28

Celiac status** 0.92

Yes (n = 44) 7.94 ±1.29

No (n = 204) 7.90 ±1.41

Insulin regimen* 0.153

Basal bolus (n = 231) 7.92 ±1.45

Mixed split (n = 40) 8.20 ±1.56

Insulin pump (n = 6) 7.86 ±1.07

* ANOVA, ** t-test, # Kruskal-Wallis test

Variable Mean HbA1c 
(%)

p-value

Pubertal status at last visit# 0.13

Prepubertal (n = 129) 7.84 ±1.31.

Pubertal (n = 54) 8.33 ±1.45

Post pubertal (n = 58) 8.14 ±1.57

Father’s education** 0.008

Below secondary level 
(n = 102)

8.26 ±1.67

Above secondary level 
(n = 179)

7.78 ±1.30

Mother’s education** 0.01

Below secondary level 
(n = 120)

8.21 ±1.45

Above secondary level 
(n = 161)

7.76 ±1.44

Diabetes ketoacidosis in last 
year**

0.007

Yes (n = 10) 9.19 ±2.54

No (n = 267) 7.93 ±1.39

Severe hypoglycaemia** 0.85

Yes (n = 46) 0.85

No (n = 231) 7.97

Visit to physician** 0.24

< 3 (n = 32) 8.25 ±1.76

≥ 3 (n = 249) 7.92 ±1.42
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