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Abstract: Background: Type 1 diabetes mellitus is an autoimmune disease occurring in the pancreatic islets. type 1 
diabetes usually have been considered as multifactorial disease in which environmental risk factors trigger an 
immune-mediated destruction of the pancreatic beta cells in genetically susceptible persons. The aim of this study 
was to investigate the associations of type 1 diabetes mellitus with maternal, neonatal and environmental risk 
factors. Subject and methods: a case-control study was conducted on adolescent school students aged 12-18 years 
old. Cases were adolescent school students who were diagnosed with type 1 diabetes mellitus and the controls were 
non-diabetic students (age matched) were randomly selected from the same school. Results: The study found that, 
there was a significant association between type 1 diabetes mellitus and participant’s sex, history of childhood viral 
(mumps, measles and varicella) infections, short exclusive breast feeding, early neonatal illness, family history of 
type1 diabetes mellitus, pre-eclampsia, gestational diabetes, maternal age (p < 0.05). while there was no significant 
association between type 1 diabetes mellitus and birth order, route of delivery, family history of type 2 diabetes 
mellitus, family history of thyroid disease and maternal coffee or tea drinking during pregnancy(p > 0.05). 
Conclusion: From this study it can be concluded that certain maternal, neonatal and environmental risk factors were 
associated with the development of T1DM. 
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1. Introduction 

Type 1 diabetes mellitus (T1DM) is 
perceived as a chronic immune-mediated disease with 
a subclinical prodromal period characterized by 
selective loss of insulin-producing β cells in the 
pancreatic islets of genetically susceptible subjects. 
The most important genes contributing to disease 
susceptibility are located in the HLA-DQ locus on the 
short arm of chromosome 6 (1). 

 The worldwide incidence of T1DM is 
described to vary by at least 100- to 350-fold among 
different countries (2). The incidence has been 
increasing worldwide at an annual rate of 
approximately 3 %( 3). If these trends continue, the 
number of new cases T1DM in children younger than 
five years of age may double in some regions between 
2005 and 2020 and prevalent cases in children under 
15 years will rise by 70 % (4).  

While genetic factors are thought to explain 
some of the geographic variability in T1D occurrence, 
they cannot account for its rapidly increasing 
frequency. Instead, the declining proportion of newly 
diagnosed children with high-risk genotypes suggests 
that environmental pressures are now able to trigger 
T1D in genotypes that previously would not have 
developed the disease during childhood(3). 

The importance of environmental factors 
towards manifestation T1DM is also supported by 
many observations: For example population genetics 
simply do not change enough between generations to 
account for the dramatic surge in T1D prevalence as 
observed in, for example, Finland (5). Migration study 
revealed that being born in Sweden, a country with 
high T1DM incidence, increases the risk for T1DM in 
children with a genetic origin in low-incidence 
countries (6). Also the presence of a 10-fold difference 
in occurrence among Caucasians living in different 
areas of Europe, and a tendency to acquire the 
incidence of the disease of the destination country for 
people who migrate (7). When people relocate from a 
region of low to high incidence, their risk of 
developing T1DM also increases, suggesting a 
causative role for environmental factor(s). However, 
wide variations in incidence occur between 
neighboring areas of similar latitude, suggesting the 
presence of other contributing risk factors and 
demonstrating the complexity of the pathogenesis of 
T1DM (8). 

With longer follow-up, the majority of 
discordant identical twins of patients with T1DM 
eventually express anti-islet autoantibodies and 
progress to diabetes, but anti-islet autoantibodies in 
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the second twin may appear only 30 years after the 
first twin develops diabetes (9). In addition, 
monozygotic twins have historically been considered 
to have a disease concordance rate of 30%–50%, with 
dizygotic twins having a concordance of 6%–10%. 
Despite having exactly the same genome, one twin 
had the disease, where the other did not; this suggests 
environmental factors, in addition to genetic factors, 
can influence disease prevalence(9). 

The aim of disease prediction is disease 
prevention. T1DM could be prevented by avoiding 
those environmental factors that cause the disease 
process or modulating the destructive process before 
the onset of clinical diabetes (10). 

The aim of this study was to investigate the 
associations of T1DM with several maternal, neonatal 
and environmental risk factors.  

 
Methods: 
Aim of the study: 

The present study aimed to study the 
associations of T1DM with several environmental 
factors in order to better understand the factors that 
could initiate or accelerate the autoimmune process 
leading to the disease. 

 
2. Subject and methods: 

A case-control study carried out on 
adolescent school students (aged 15-18 years old) 
over the period from 1st of December 2012 to the end 
of April 2013 in Arar city (Saudi Arabia). Cases were 
adolescent school students with T1DM (were 
receiving insulin) and the controls were non-diabetic 
students. All students with T1DM (n= 84 students) 
were included in the study. For each case, two 
controls (non diabetic n= 168 students) were 
randomly selected from the same age group. Informed 
consent was obtained from all participants. Sample 
size was determined by the availability of patients. 

A questionnaire was designed for collection 
of the following information; age, sex, age at 
diagnosis (for diabetic patients only), family history 
of DM, family history of thyroid disease (as an 
autoimmune diseases) in the first and second degree 
relatives. Maternal risk factors during pregnancy; 
maternal habits (coffee or tea drinking), pre-
eclampsia, gestational DM and maternal age. History 
of early neonatal illness and history of measles, 
varicella or mumps infectious diseases during early 
childhood. The questionnaire also included the type 
of feeding in early life. Informed consent was 
obtained from the students for recruitment in the 
study. 

Information that should be answered by the 
students' parents such as family history concerning 
DM, thyroid disease, maternal risk factors during 

pregnancy and neonatal and childhood risk factors 
were provided on a questionnaire taken home by the 
students themselves. 

 
Statistical analysis 

Statistical analysis was undertaken using 
SPSS computer software (SPSS Version 16 for 
Microsoft Windows), appropriate statistical tests were 
used for comparison between the two study groups, 
Odds ratio (OR) and 95% CI for it were calculated. 
Results were considered to be statistically significant 
at p < 0.05. Logistic regression analysis was also done 
for the analysis of different potential risk factors. All 
significant variables included in the study were 
subjected to logistic regression analysis to adjust the 
possible confounders to determine the variables 
which are associated with T1DM.  

 
3. Results: 

Regarding the age at which the student with 
T1DM diagnosed as a diabetic; 77% of the student 
(55 of 84) were at or less than 10 years of age at the 
time of their diagnosis and 23% (19 of 84) were more 
than 10 years of age at the time of their diagnosis. 

 
Table (1) shows neonatal and childhood risk 
factors  

As regards the sex of the students, females 
were at a significant higher risk of T1DM than males 
(OR = 1.8, 95% CI = 1.0 to 3.2). The difference was 
statistically significant (p = 0.032). 

History of early neonatal illness were 
significantly (p < 0.001) associated with higher risk 
(OR = 2.7, 95% CI = 1.5 to 4.8) of T1DM in diabetic 
group and non-diabetic group. 

Regarding childhood viral infection, student 
exposed to mumps, measles and varicella infection 
were at higher risk of T1DM (OR = 3.2, 95% CI = 1.0 
to 10.7, OR = 2.6, 95% CI = 1.0 to 6.6 and OR = 2.0, 
95% CI = 1.0 to 4.6 respectively) compared to non-
exposed student. 

 There was no statistically difference 
concerning the birth order of participant between 
diabetic group and non-diabetic group (p = 0.35). 

As regards route of delivery, there was no 
statistically difference (p =0.5) in the risk of T1DM in 
children born by caesarean section compared to 
children born vaginally (OR = 1.3, 95% CI = 0.8 to 
2.2). 

Short exclusive breast feeding period (< 4 
months) were significantly associated with higher risk 
(OR = 1.94, 95% CI = 1.0 to 3.6) of T1DM in 
diabetic group and non-diabetic group (p = 0.02). 
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Table (2) reveals Family history and maternal risk 
factors 

It was found that there was statistically 
significant difference (p =0.024) between cases group 
and controls group as regards family history of 
T1DM. It also revealed that participant with positive 
family history of T1DM at a significant higher risk to 
develop T1DM (OR=3.2, 95% CI = 1.0 to 10. 7). 
While there was no statistically significant difference 
(p =0.23) between cases group and controls group as 
regards family history of T1DM and the participant 
with positive family history of T1DM at a higher risk 
to develop T1DM (OR= 1.7, 95% CI = 0.7 to 4.1). 

As regards family history of thyroid 
diseases, higher T1DM risk in cases with a history of 
thyroid diseases compared to cases without a history 
of thyroid diseases (OR = 2.0, 95% CI = 0.3 to 12.0). 
The difference was statistically non significant. 

There was no statistically significant 
difference regarding maternal coffee or tea 
consumption during pregnancy between diabetic 
group and non-diabetic group (OR = 1.0, 95% CI = 
0.5 to 1.9). 

Student whose mothers were suffered from 
pre-eclampsia or gestational diabetes were at a 
significant higher risk of T1DM (OR = 3.0, 95% CI = 
1.5 to 5.9 and OR = 3.8, 95% CI = 1.8 to 8.0 
respectively) compared with children whose mothers 
were not suffered and the difference between two 
groups was statistically significant. 

There was statistically significant difference 
between diabetic group and non-diabetic group 
regarding maternal age. Student whose mothers were 
35 years old or over were at a significant higher risk 
of T1DM (OR = 1.8, 95% CI = 1.0 to 3.3) compared 
with student whose mothers were below 35 years old. 

Table (3) shows that, significant risk factors 
of T1DM were; early neonatal illness, mumps 
infection, measles infection, short exclusive breast 
feeding, family history of T1DM, pre-eclampsia, 
gestational diabetes and age of the mother. 
 
4. Discussion: 

The concordance rate of 50 – 70% among 
identical twins(9), the seasonality of diabetes incidence 
and time of birth(11), the association of diabetes with 
viral infections (12) and the fact that only 10% of HLA 
- susceptible individuals develop T1DM (11) are 
among several observations that indicate a possible 
etiologic role of environmental factors. 

Regarding the age at which the student with 
T1DM diagnosed as a diabetic; 77% of the student 
(55 of 84) were at or less than 10 years of age at the 
time of their diagnosis and 23% (19 of 84) were more 
than 10 years of age at the time of their diagnosis. 
Many studies found that, the age of presentation of 
childhood onset T1DM has a bimodal distribution, 
with one peak at four to six years of age and a second 
in early puberty (10 to 14 years of age) (13, 14, 15).  
 

 
 
Table 1: Distribution of studied groups according neonatal and childhood risk factors: 

Variables 
Cases (83) 
No. (%) 

Control(168) 
No. (%) 

OR 
CI 

(95%) 
p value 

Sex  Female  52 (62%) 79 (47%) 1.83 1.0-3.2 
0.032 

Male  32 (38%) 89 (53%)   
Early neonatal illness yes 59 (70%) 79 (47%) 2.7 1.5-4.8 

0.001 
No 25 (30%) 89 (53%)   

Mumps infection yes  9 (11%) 6 (4%) 3.2 1.0-10.7 
0.024 

No 75 (89%) 162 (96%)   
Measles infection yes 13 (15%) 11 (7%) 2.6 1.0-6.6 

0.023 
No  71 (85%) 157(93%)   

Varicella infection yes 18 (21%) 21(13%) 2.1 1.0-4.6 
0.03 

No  65 (79%) 145 (87%)   

Birth order 
1st  27 (32%) 69 (41%) Ref.  

0.35 2nd 25 (30%) 40 (24%) 1.6 0.8-3.3 
3rd + 32 (38%) 59 (35%) 1.4 0.7-2.7 

Route of delivery Caesarean 39 (46%) 69 (41%) 1.3 0.7-2.2 
0.4 

Normal 45 (54%) 97 (59%)   
Exclusive breast 
feeding (< 4 m*) 

yes 61(73%) 97 (59%) 1.94 1.0-3.6 
0.02 

No 23 (27%) 69 (41%)   
Total   84 100% 168 100%  
*m =months 
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Table 2: Distribution of studied groups according Family history and maternal risk factors: 

Variables 
Cases (84) 
No. (%) 

Control (168) 
No. (%) 

OR CI (95%) P value 

Family history of T1DM 
Yes 9 (11%) 6 (4%) 3.2 1.0-10.7 

0.024 
No 75 (89%) 162 (96%)   

Family history of T1DM 
Yes 11 (13%) 14 (8%) 1.7 0.7-4.1 

0.23 
No 73 (87%) 154 (92%)   

Family history of thyroid 
disease 

Yes 3 (4%) 3 (2%) 2.0 0.3-13.0 
0.38 

No 81 (96%) 165 (98%)   
Maternal coffee or tea 
drinking 

Yes 21 (25%) 43 (26%) 1.0 0.5-1.9 
0.92 

No 63 (75%) 125 (74%)   

Pre-eclampsia 
Yes 27 (32%) 23 (14%) 3.0 1.5-5.9 

< 0.001 
No 57 (68%) 145 (86%)   

Gestational diabetes 
Yes 25 (30%) 17 (10%) 3.8 1.8-8.0 

< 0.001 
No 59 (70%) 151(90%)   

Age of mother at 
pregnancy (years) 

< 35  48 (57%) 117 (70%) 1.8 1.0-3.3 
0.03 

> 30  36 (43%) 49 (30%)   
Total   84 100% 168 100%  

 
Table (3): Factors related to T1DM according to multivariable logistic regression analysis: 

Variables OR CI (95%) P value 
Early neonatal illness 3.2 2.4 -5.8 < 0.001 
Mumps infection 2.6 1.4 -7.4 0.037 
Measles infection 1.7 2.9-5.3 0.028 
Exclusive breast feeding 2.5 2.7-4.4 0.04 
Family history of 1DM 4.7 2.5-8.6 0.045 
Pre-eclampsia 4.2 3.2-5.8 < 0.001 
Gestational diabetes 5.1 3.4- 6.3 < 0.001 

Age of the mother 2.87 3.7-4.4 0.025 

 
 This study revealed that, T1DM was 
significantly associated with sex of the participants, 
and there was slightly higher risk of association in 
females than males students. This is in agreement with 
several studies (14, 16) and in disagreement with other 
studies (5, 17, 19). Although most autoimmune diseases 
are more common in females, other studies reported 
no significant difference in the overall incidence of 
childhood T1DM between boys and girls (15, 19, 20).  

Our study showed that a significant 
association between history of early neonatal illness 
and risk of T1DM. Similar results were obtained by 
Svensson et al. (21) who reported that neonatal 
respiratory diseases, infections and jaundice are risk 
factors for T1DM. Snell-Bergeon et al. (22) revealed 
the association of reported illnesses during infancy and 
later development of islet autoimmunity (IA). 

Regarding early childhood viral infections, 
History of mumps and measles and varicella infection 
was significantly associated with diabetes in our study. 
Regarding mumps this is coincides with Ramondetti 
et al. (23) study who found that, a significant 
association was observed between T1DM and history 
of mumps (P = 0.034), while in the same study, there 

was no statistical significance between the incidence 
of measles cases and T1DM (P = 0.269). 

Both specific childhood viral infections and a 
low overall infection load in childhood (hygiene 
hypothesis) have been proposed as possible 
environmental determinants of T1DM. Viruses 
implicated include mumps, rubella, enteroviruses, 
cytomegalovirus, rotavirus and parvovirus. Direct β 
cell destruction, inflammation, molecular mimicry and 
transient lymphopenia have been suggested as 
immune-mediated mechanisms (24).  

In our study birth order of participants was 
not significantly associated with T1DM. This is in 
disagreement with other study which revealed that 
children second born (OR 1.12, p=0.03) or third or 
later born (OR 1.08, p=0.17) had a slightly higher risk 
of T1DM than first born children (25). 

As regards the rout of delivery our study 
revealed that, rout of delivery was not significantly 
associated with T1DM. This is in consistent with 
another researcher (26) while this is in contrary with 
Cardwell et al. (25) Who found that, increase in the 
risk of T1DM in children born by caesarean section 
compared to children born vaginally. 
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Our study found that short exclusive breast 
feeding (less than 4-6 months period) was significantly 
associated with T1DM. This is in consistent with 
Alves et al. (27) results that found that a short breast 
feeding period (less than 4 months) may contribute to 
T1DM. 

Similar results were reported by many 
researchers (28, 29) who concluded that breast feeding 
modifies the risk of beta cells autoimmunity even 
years after finishing breast feeding. Early exposure to 
cow's milk, associated with T1DM (30, 31). 

However, other studies (32, 33) did not confirm 
the role of the duration of the breast feeding or the 
introduction of cow’s milk feeding as a risk factor for 
T1DM. 

Prospective birth cohort studies show that the 
first signs of beta cell autoimmunity may be initiated 
during the first year of life. This implies that risk 
factors for beta cell autoimmunity and T1DM must be 
operative in infancy. Early nutrition provides essential 
exogenous exposures in that period. Most studies 
suggest that the early introduction of complex foreign 
proteins may be a risk factor for beta cell 
autoimmunity (34). 

In this study, the risk of T1DM was 
significantly associated with family history of T1DM 
in first and second degree relatives. This finding is 
similar to that reported by other studies (35, 36, 37).  

In contrast, the risk of T2DM was not 
significantly associated with family history T1DM in 
first and second degree relatives. This result is 
consistent to that reported by Zalloua et al.(38) He also 
stated the delayed onset of T1DM in a child of a 
parent with T2DM may suggest the presence of a 
common genetic predisposition for diabetes.  

T1DM and T2DM frequently co-occur in the 
same family, suggesting common genetic 
susceptibility (39). Inheritance of HLA-DR3 and HLA-
DR4 appears to confer a 2 to 3 fold increased risk for 
the development of T1DM. When both HLA-DR3 and 
HLA-DR4 are inherited the relative risk for the 
development of T1DM is increased by 7-10 folds. It is 
estimated that 48 percent of the familial aggregation 
can now be ascribed to known loci, and the Major 
Histocompatibility Complex (MHC) contributes 41 
percent (40). 

Regarding family history of thyroid disease, 
the study showed that no statistically significant 
association of family history of thyroid disease and 
T1DM, similar results was reported by (41) who 
reported no significant association regarding thyroid 
dysfunction (P = 0.410). In contrast other study 
showed that there was a statistically significant 
association of family history of thyroid disease and 
T1DM (36, 42). 

T1DM and autoimmune thyroid disease are 
the most common autoimmune endocrine disorders. A 
common genetic factor was suggested because of 
similar pathogenesis and tendency to occur together. 
HLA-DR3 was the major HLA allele contributing to 
the genetic susceptibility to T1DM and autoimmune 
thyroid disease (43). In addition, CTLA- + 49 A/G and 
CT60 gene polymorphism was found to confer genetic 
susceptibility to T1DM, particularly in patients with 
thyroid autoimmunity (44). 

This study revealed that maternal coffee or 
tea consumption during pregnancy was not associated 
with the risk of T1DM a similar result was reported by 
Virtanen et al. (45) In contrast to our results, other 
study found that, drinking coffee or tea by mothers 
during pregnancy was significantly associated with 
T1DM, Visalli et al. (29) 

Pre-eclampsia was significantly associated 
with adolescent T1DM in our study. Preeclampsia as a 
risk factor has been reported by some (46, 47) but not all 
studies (26, 48). 

Our study showed that maternal gestational 
diabetes was significantly associated with risk of 
T1DM. This is coincides with Cardwell et al. (49) who 
found potential association between maternal 
gestational diabetes and risk of T1DM. In contrast, 
another studies (41, 46, 48) revealed that, gestational 
diabetes were not significantly associated with T1DM 
in the child. 

Maternal age at delivery was significantly 
associated with T1DM in our study. This result is 
consistent to that reported by Cardwell et al. (50) who 
found that, increases in maternal age at delivery 
associated with increase in the risk of T1DM. 
 
Conclusion:  

Exposure to environmental risk factors during 
pregnancy, neonatal period and early childhood are 
thought to play an important role in triggering the 
immune process leading to the development of T1DM. 
 
Recommendations:  

Our study recommended that, exclusive 
breast feeding (for 4-6 months), prevention of viral 
infections and early neonatal illness good antenatal 
care to prevent pre-eclampsia, gestational diabetes and 
other factors might play a role in lowering the risk of 
developing the disease.  
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