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Type 1 Diabetes is an autoimmune condition affecting the pancreas. Objectives: To assess the 

associations between genetic and environmental risk factors and the development of Type 1 

Diabetes Mellitus in children and adolescents. Methods: It was a case-control study conducted 

over 6 months at the Department of Pediatric Endocrinology and Diabetes, the Children's 

Hospital Lahore. The study population consisted of two groups. Cases consisted of children 

with Type 1 Diabetes while controls were without Type 1 Diabetes. Data were collected using a 

pre-designed questionnaire by interview method from parents of children participating in the 

study. The incidence of various environmental and genetic factors reported to be associated 

with Type 1 Diabetes was compared between the groups.  Results: 300 children participated in 

the study (n=150 cases and n=150 control group). The mean age of the participants was 7.90 + 

4.553 years. Pearson chi-square test revealed a signi�cant association between Type 1 Diabetes 

and various factors like cow's milk in infancy, early weaning, and vitamin D supplementation. 

Amongst the genetic factors, the association was signi�cant for history of autoimmunity, family 

history of autoimmunity and family history of Type 1 Diabetes (p-value=<0.05). Conclusions: It 

was concluded that children with a history of autoimmunity or Type 1 Diabetes in self or family, 

early introduction to cow's milk and supplementary foods are at higher risk for Type 1 Diabetes. 

Meanwhile, no relationship was established between Type 1 Diabetes and prior COVID-19 

infection or recurrent infections. Further studies are needed to establish cause and effect 

relationship.
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Type 1 diabetes (T1D) is a chronic autoimmune disease with 

a signi�cant impact on children and adolescents 

worldwide. It is a disease of the islet cells of the pancreas. 

Autoimmunity results in the destruction of islet cells and 

consequent insulinemia. About 17 –70 % of cases with T1D 

present with a life-threatening complication called 

diabetic ketoacidosis (DKA), due to delay in the diagnosis. 

Furthermore, mortality from DKA is <1 % in developed 

countries and 3-13% in developing countries [1]. 

Pathophysiology of T1D is complex and is a consequence of 

a combination of genetic predisposition along with largely 

unknown environmental factors. The increasing incidence 

of Type 1 Diabetes Mellitus (T1D) coupled with a reduction in 

the proportion of individuals with the highest risk of Human 

Leukocyte Antigen haplotypes, highlights the signi�cant 

contribution of environmental  exposures in the 

pathogenesis of T1D [2]. Other than genetic risk factors, 

several environmental risk factors were proposed to be 

linked with the pathogenesis of T1D. Age is considered an 

important risk factor, as studies have shown that T1DM 

commonly manifests during childhood and adolescence 

[3]. Research has now expanded from merely treatment to 

preventive strategies focusing on the risk factors and 

etiologies of the development of autoimmunity, aiming to 

identify individuals at risk before diabetes has set in and be 

able to modify the natural course of illness [4, 5]. 



M E T H O D S

International research has shown that both genetic and 

environmental factors have a relationship with the onset of 

T1D [6, 7]. Amongst the genetic factors, the most strongly 

associated with T1D are the Major Histocompatibility 

Complex Human Leukocyte Antigen (MHC/HLA) and non-

MHC/HLA genes [8].

This study aims to determine the association of various 

genetic and environmental risk factors with T1DM. It will 

provide a better understanding of the pathogenesis of 

T1DM in children and adolescents of our local population as 

such extensive data is missing in previously published 

literature. Identifying these potential risk factors will 

provide valuable insights for the development of targeted 

preventive strategies and risk factor modi�cation. It will 

also help us in making guidelines for screening T1DM in our 

local population which helps in early diagnosis and 

prevention of Diabetic ketoacidosis (DKA).

A case-control study was conducted at the University of 

Child Health Sciences, the Children's Hospital, Lahore. The 

study was carried out in the Department of Pediatric 

Endocrinology and Diabetes over 6 months from November 

2023 to May 2024 after prior approval from the Ethical 

Review Board from the respected hospital vide letter no. 

694. Open-Epi online calculator was used to calculate the 

sample size. Sample size was calculated with a 2-sided 

con�dence interval of 95% and power of 80% taking the 

equal ratio of controls and cases. The hypothetical 

incidence of T1D amongst those who were breastfed was 

taken as 11% while the incidence of T1D amongst those who 

were not was taken as 55% [9]. Convenience sampling was 

used to include 150 children diagnosed with T1D from the 

outpatient department and wards of Children's Hospital, 

Lahore. Similarly, 150 children were enrolled in the control 

group of the study who did not have T1D. This method was 

employed because of its simplicity, e�ciency and its cost-

effectiveness. The inclusion criteria for the case group 

were all children between the ages of one year and 18 years 

and diagnosed with Type 1 Diabetes Mellitus. Both male and 

female were included in the study. Controls were children 

of both genders between the ages of one year and 18 years 

who were not diagnosed with T1D and did not have any 

symptoms of polyuria, polydipsia, or unexplained weight 

loss. Exclusion criteria were formulated extensively to 

ensure the removal of any confounders in the study. Any 

child who was found to have Maturity Onset Diabetes of the 

Young, Type 2 Diabetes Mellitus, neonatal diabetes, or 

diabetes secondary to other illnesses like cystic �brosis, 

thalassemia, chronic pancreatitis, or drug-induced. Also, 

children with any history of chemotherapy or radiotherapy 

or history of intake of a drug that might contribute to 

diabetes were excluded. Any child with syndromic features, 

developmental delay, or disorders of sexual development 

was also excluded from the study. Chronic infections like 

hepatitis B, Hepatitis C, tuberculosis and human 

immunode�ciency virus (HIV) were also part of the 

exclusion criteria. Non-probability consecutive sampling 

technique was used to gather the samples. All patients and 

controls participating in the study gave informed consent 

for enrollment in the study. Data were collected on a 

predesigned questionnaire by one-to-one interview. The 

questionnaire consisted of three parts. The �rst part had 

questions about age, gender, demographic data and 

questions regarding any of the above-mentioned 

conditions to rule out any of the exclusion criteria. The 

second part was regarding genetic factors that may or may 

not have any association with T1D. The third part concerned 

the environmental factors investigated for a possible 

association with T1D. It was validated by experts in the �eld 

of pediatric endocrinology and by researchers constituting 

the Research Ethics Board (ERB) of our hospital. Avoidance 

of breastfeeding was de�ned as the deliberate decision or 

practice of not breastfeeding (either from a biological 

mother or donor) either partially or entirely to a child below 

one year of age. Early introduction of cow's milk was 

de�ned as the addition of cow's milk to an infant's diet 

before the completion of 12 months.  Similarly, early 

weaning was de�ned as the introduction of supplementary 

foods before the completion of six months. Vitamin D 

supplementation was taken as any oral supplements given 

to children in the form of syrups, tablets, drops or mega 

dose ampoules. Recurrent infections were de�ned as two 

or more severe infections in any one year or three or more 

infections in one year. Family history of Autoimmune 

illnesses like celiac disease, Hashimoto's thyroiditis, 

Grave's disease, Addison's disease, juvenile idiopathic 

arthritis, autoimmune hepatitis, autoimmune hepatitis, 

autoimmune thrombocytopenia purpura, and systemic 

lupus erythematosus were also excluded by interview to 

remove any confounding factors. Data were analyzed using 

a statistical package for social sciences version 23.0. 

Descriptive statistics were employed to describe the data. 

Mean and standard deviation were calculated for age in 

years. Discrete data regarding the frequency of genetic and 

environmental factors was expressed as percentages. 

Both groups were analyzed for any differences in the 

relationship of various genetic and environmental factors 

between the two groups. Pearson chi-square test was 

employed to determine if the difference between the two 

groups was statistically signi�cant. The difference was 

considered statistically signi�cant if the p-value was less 

than or equal to 0.05.
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R E S U L T S

A total of 300 subjects were enrolled in this study. 150 were 

allotted to the control group and 150 to the cases group. 172 

subjects were male and 128 were female. The mean age of 

all participants was 7.90 ± 4.55 years. In the total study 

population, 125 children were a product of consanguineous 

marriages. 68 had a history of avoidance of breastfeeding. 

93 children were introduced to cow's milk before the age of 

one year while 73 children were weaned with supplemental 

foods before the age of six months (Table 1).

Table 1: Demographic Features of Children Participating in the 

Study (n=300)

When the two groups were compared it was found that 
there were 83 males amongst the cases and 89 amongst 
controls. The p-value was 0.484 and hence the difference 
was not signi�cant. Similarly, there were 66 products of 
consanguineous marriages amongst cases and 59 of the 
controls were products of consanguinity. The difference 
was not statistically signi�cant as the p-value was 0.412. 15 
patients amongst cases had a history of other co-existing 
autoimmune illnesses besides type 1 diabetes mellitus. At 
the same time, only three of the controls had such 
diseases. The p-value was 0.004. History of autoimmune 
illness besides type 1 diabetes mellitus in the family was 
found in 10 of the cases while only �ve of the controls had 
such history. The p-value was 0.003. Family history of type 1 
diabetes mellitus was found in 46 of the cases and 10 of 
controls. The p-value was <0.001. Hence, amongst the 
genetic factors, the difference between the two groups 
was statistically signi�cant for autoimmunity in self, and 
family history of autoimmunity or T1D while being most 
striking for family history of T1D (Table 2).

Similar tests were employed to establish whether there 
was a statistically signi�cant relationship between 
environmental factors and T1D. 60 children from amongst 
cases and 33 children from amongst controls had a history 
of early cow's milk introduction. The p-value was 0.001. 
Statistical analysis of early weaning trends yielded similar 
results. 49 cases and 24 individuals from the control group 
had a history of weaning before six months. The p-value 
was calculated to be 0.001. Avoidance of breastfeeding was 
observed in 39 cases and 29 controls. The p-value was 
0.168. Vitamin D supplementation revealed the most 
striking difference among the environmental factors. 61 of 
those with type 1 diabetes mellitus had been supplemented 
with some form of vitamin D while only 18 of those without 
type 1 diabetes mellitus had received any supplements of 
vitamin D. Thus the p-value was less than 0.001. The 
incidence of recurrent infections amongst diabetics was 
34 while amongst the non-diabetics it was 41. Covid-19 
infections were low in both groups with 5 individuals from 
cases and 4 individuals from the control group being 
infected. The p-value was statistically non-signi�cant for 
both at 0.351 and 0.735, respectively (Table 3). 

Table 2:Association between Genetic Factors and Type 2 

Diabetes (*= Pearson Chi-square)
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Variables Frequency (%)

+7.90   4.553 Years

172 (57.3%)

128 (42.7%)

125 (41.7%)

175 (58.3%)

68 (22.7%)

232 (77.3%)

93 (31%)

207 (69%)

73 (24.3%)

227 (75.7%)

Age (Years)

Gender

Consanguinity

Avoidance of Breastfeeding

Cow's Milk Introduction in Infancy

Early Weaning

+Mean    SD

Male

Female

Yes

No

Yes

No

Yes

No

Yes

No

Genetic Factor Cases Controls

Male

Female

Yes

No

Yes

No

Yes

No

Yes

No

p-Value

Gender

Consanguinity

History of Autoimmune Illness in Self

Family History of Autoimmunity

Family History of T1D

0.484*

0.412*

0.004*

0.003*

<0.001*

83 (55.3%)

67 (44.7%)

66 (44%)

84 (56%)

15 (10%)

135 (90%)

19 (12.7%)

131 (87.3%)

46 (30.7%)

104 (69.3%)

89 (59.3%)

61 (40.7%)

59 (39.3%)

91 (60.7%)

3 (2%)

147 (98%)

5 (3.3%)

145 (96.7%)

10 (6.7%)

140 (93.3%)

Table 3: Pearson Chi-Square Test for the Relationship of Various 

Environmental Factors with T1D. (*= Pearson Chi-square)

Environmental Factor Cases Controls p-Value

Yes

No

Yes

No

Yes

No

Avoidance of Breastfeeding

Cow's Milk Introduction in Infancy

Early Weaning

0.168*

0.001*

0.001*

39 (26.0%)

111 (74.0%)

60 (40%)

90 (60%)

49 (32.7%)

101 (67.3%)

29 (19.3%)

121 (80.7%)

33 (22%)

117 (78%)

24 (16%)

126 (84.0%)



C O N C L U S I O N S

Pakistan is a population of over 200 million individuals with 

almost two-thirds of the population being under 18 years 

[10]. While the incidence of T1D is estimated to be less than 

�ve per 100,000, it still amounts to a staggering �gure of 

more than 6500 patients per year [11]. Previously, the 

environmental factors mostly included infections and 

dietary supplements. However, recently it has expanded to 

the relationship between the timing of food introduction 

and the role of gut microbiome with T1D, as was shown by 

our results. Though cause and effect have not been 

established as yet there is evidence that they may alter the 

course of illness [8]. While recent advances are changing 

the management landscape of T1D, they are still widely 

unavailable for the developing world. Considering their cost 

and technological requirements the hope for resource-

limited countries relies mostly on insulin therapy. However, 

that is not to say technology cannot be employed to 

improve patient outcomes in third-world countries. 

Studies have shown how telemedicine has widened the 

scope of treatment and how mobile phones can play a role 

in the management of T1D. A recently published study from 

Pakistan proved how health education regarding various 

aspects of T1D was imparted via a short messaging service 

and results have been promising for HbA1c and most of the 

secondary outcomes [12]. Infections play a two-way role in 

association with T1D. While poorly controlled diabetes 

increases the risk of susceptibility to infections, infection 

itself may be a contributing factor to poor glycemic control 

and resultant decompensation leading to a diagnosis of 

T1D. Though, in our study, we did not �nd a signi�cant 

relationship between infections and diabetes, Piccolo et al 

postulated otherwise [13]. Other studies also reveal that 

repeated infections could potentially disrupt immune 

regulation and increase the risk of developing T1D [14]. Our 

�ndings were similar to that of Rahmati et al. Their meta-

analysis comprising seven studies involving more than 11 

million participants revealed that the risk of T1D in patients 

with a history of COVID-19 infection was not found in any 

studies except those from the United States. This further 

extrapolates to their being a geographic link that has 

remained unexplored by researchers [15]. The association 

of the Covid pandemic with a new surge of T1D is still 

It was concluded that current study has conclusively 
established a relationship between T1D and autoimmunity 
in self and family history of both and also for early 
introduction of cow's milk and supplementary foods being 
risk factors. It is pertinent that further research is carried 
out to establish a more strong relationship between these 
factors and T1D. These factors could be used later on to 
predict and prevent T1D. A multi-center study may re�ect 
more reproducible results.
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D I S C U S S I O N

Yes

No

Vitamin D Supplementation

stRecurrent Infections in 1  Year of Life

Prior Covid-19 Infection

Yes

No

Yes

No

<0.001*

0.351*

0.735*

61 (40.7%)

89 (59.3%)

34 (22.7%)

116 (77.3%)

5 (3.3%)

145 (96.7%)

18 (12%)

132 (88%)

41 (27.3%)

109 (72.7%)

4 (2.7%)

146 (97.3%)
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