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Abstract

Objective: The role of environmental factors in the development of typel diabetes mellitus (T1D) is
inconclusive. This study aimed to investigate the associations between selected environmental factors and
T1D.

Materials and Methods: This group matched case-control study included diabetic and healthy subjects
younger than 19 years old in 2017. Cases were diabetic subjects diagnosed before the age of 19 years and
controls were healthy subjects with similar distributions of age, sex, and place of living. Information including
demographic characteristics, birth season, duration of breastfeeding and major psychological stressors was
obtained by a parent-administered questionnaire. Data were analyzed using SPSS version 16 and T-test and
chi-square test. Statistical significance was defined as P< 0.05.

Results: The mean age of cases was 12.5 (£5.2) years and 13 (£6.7) in controls (P: 0.55). Compared to
controls, children with T1D had a higher chance of having a major psychological stressor in the family before
the onset of diabetes (£: 0.0001) with odds ratio (OR) 3.3, higher neonatal jaundice (P: 0.01, OR: 2.25),
infection leading to hospitalization within the first year of life (#: 0.007, OR: 6.46), and lower family income
(#: 0.018). Duration of breastfeeding was shorter inT1D group (#: 0.018, OR: 3.46) and they had started
cereals one month earlier (2: 0.015).

Conclusion: Certain environmental factors including major psychological stressors, neonatal jaundice,
infection leading to hospitalization within first year of birth and shorter duration of breastfeeding were
associated with the development of T1D.
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Introduction

ype 1 diabetes mellitus (T1D) is the
I most common chronic disease in
children and adolescents caused by
autoimmune selective destruction of insulin-
producing beta cells (B-cells) in high-risk
individuals. The etiology of TID is
multifactorial. HLA complex class II in
chromosome 6 is major genetic susceptibility
related to T1D and confers approximately half
of the genetic risk for disease development
(1,2). However, environmental factors are
believed to provide essential components for
the onset of the autoimmune process and
eventually the clinical disease (3). It is unclear
whether environmental factors influence T1D
progression to clinical onset or they have any
etiologic role in diabetes mellitus disease.
Epidemiologic studies have demonstrated
that incidence of T1D varies widely between
and within countries (4,5). The results of
various studies also point to a remarkable and
sustained increase in the incidence of T1D in
children < 15 years with an estimated annual
increase of approximately 3% globally (1,5).
Given the stability of the genes related to T1D,
increased global incidence of the disease may
be explained by changes in environment or
lifestyle (6,7). Possible triggers that may
initiate the autoimmune process include
chemicals, viruses, alterations in gut bacterial
communities, infections in early life, climate,
widespread usage of antibiotics, psychological
stressors, maternal body mass index (BMI),
and short duration of breastfeeding (7,8).
Because the genetic background cannot be
changed, it is important to look for exposures
that may initiate the autoimmune process or
aggravate ongoing [-cells destruction and
ultimately TID development. Efforts to
identify and eliminate the environmental
triggers of T1D may make it possible to
prevent or delay the disease. However,
environmental factors that make the immune
system mistakenly destroy [-cells remain
largely unknown and need to be identified.

The aim of this study was to investigate some
environmental factors before the onset of T1D.

Materials and Methods

This case-control study was conducted on
diabetic and healthy subjects less than 19 years
of age from July to December 2017. The
sample size was calculated based on previous
similar studies (9).

The cases comprised of 102 subjects age of
2-19 years who were diagnosed with T1D and
were randomly selected from the children and
adolescents attending Pediatric Endocrinology
Clinic of Besat Hospital, Hamadan University
of Medical Sciences, Hamadan, Iran. The
control group included 99 healthy subjects
who were selected from elementary and high
school students or sports clubs. The diabetic
and healthy subjects were strictly matched by
sex, age, and residence or geographical
distribution. Information on age, sex, place of
living (urban, rural), birth seasonality, birth
order, infant diet, duration of breastfeeding,
age at introduction of cereals, major
psychological stress (parental death, parental
drug addiction, parental dispute, divorce, and
parental job loss), neonatal jaundice, and
average family monthly income was obtained.
All collected data were evaluated by a valid
researcher-made questionnaire completed by
the parents through face-to-face interviews.
For patients, additional information was
extracted from the medical records as required.
No private information was included in the
study.

Diagnosis of T1D as defined by the World
Health Organization criteria (10), was based
on the presence of classic symptoms of
hyperglycemia (thirst, polydipsia, polyuria),
weight loss, a random plasma glucose> 200
mg/dL. fasting glucose level> 126 mg/dL at
onset plus daily insulin injections requirement
(10). A pediatric endocrinologist involved in
the treatment and follow-up of these patients
confirmed the criteria. Those with missing
information required for the study and those
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with monogenic or secondary diabetes were
excluded from the study.

Statistical analysis

Data were analyzed using SPSS16. An
independent T-test was used to investigate the
quantitative data in two groups. The Chi-
squared test or Fisher's exact test was used to
compare qualitative data in two groups. A P<
0.05 was considered statistically significant.

Ethical considerations

The Ethics Committee of Hamadan
University of Medical Sciences approved this
study (No: p/16/35/1/649/1396). Parents of all
children from both groups provided informed
written consent before participation in the
study.

Results

This group matched, case control study of
201 subjects included 102 patients (n=53 or
52% female) diagnosed with T1D and 99
healthy subjects (n=56 or 57% female). The
mean age was 12.5 (£5.2) years for case group
and 13 (£6.7) years for control group. There
was no significant difference in type of
feeding (breastfeeding, formula, or both)
during the first 6 months of life between the
two groups (P: 0.57). However, history of
breastfeeding >1 year was less prevalent in the
diabetic group than in the control group (P:
0.018) with odds ratio (OR) 3.46. Both groups
received cereals and gluten-containing foods
only after age of 6 months. However,
compared with the healthy group, diabetic
children started cereals one month earlier (P:
0.015). The major psychological stressors such
as divorce or death of parents (P: 0.0001, OR=

3.3), neonatal jaundice (P: 0.01, OR= 2.25),
and infection leading to hospitalization in the
first year of life (P: 0.007, OR= 6.46) were
more common in the patient group compared
to the control subjects. The average family
income was also lower in patient group
compared to the control subjects (P: 0.018).

Quantitative and qualitative characteristics
of both groups are summarized in Tables 1 and
2.

Discussion

The contribution of environmental factors to
the development of TID has been
controversial for decades. This study evaluated
the association between some environmental
factors and the development of T1D. Our main
findings demonstrate that certain previous
environmental exposures are associated with
the T1D. Diabetic children had experienced
more stressful events years before the disease
presentation compared to the control group.
Divorce and parental drug addiction were the
most common pre-disease stressors in our
diabetic children. Stressful life events are
thought to cause autoimmune diseases by
altering the immune system. They may also
increase  susceptibility to infection in
genetically  susceptible individuals. The
infection then may start or accelerates the
autoimmune process (11).

The effect of psychological stress as a
trigger and promoter of progression to T1D
has been widely studied in the literature, but
findings have often been inconclusive. Some
previous studies have indicated that prolonged
sorrow or stressful events including parental
death, divorce, parental job loss, family
financial hardship, parental dispute or adverse

Comparison of quantitative characteristics of cases With type 1 diabetes mellitus and their healthy

Controls (N=201)

Case (n=102)

Control (n=99)

Characteristic Mean (+SD) Mean (SD) V4
Age (Years) 13 (£6.7) 12.5 (£5.2) 0.55
Start of cereal and gluten (Months) 6.25 (£1.33) 7.3 (£0.83) 0.015
Birth weight (gr) 3057 (£533) 3080 (£533) 0.66
Monthly family income (Million Rials) 18.600 (x£700) 16.500 (£600) 0.018a*

*:Indicates the Pis less than 0.05 and the significance
a:The independent T-test was used
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Table 2. Comparison of qualitative data related to environmental factors of cases with T1D and their

healthy controls (N=201)

Characteristic Case (n=102) Control (n=99) OR Vi
Sex (girl) 53 (52%) 56 (57%) 0.57
Breastfeeding 89 (87.2%) 88 (88.8%) 0.57
Duration of breastfeeding >1 year 84 (82.3%) 95 (95.9) 3.46 0.018
Neonatal jaundice 34 (33.3%) 18 (18.2%) 2.25 0.01
Stressful events 34 (33.3%) 13 (13.1%) 3.3 0.00
Birth order:

First child 38 (37.2%) 52 (%52.5)

Second child 41 (40.1%) 28 (28.2%) 0.06
Third child 7 (6.8%) 13 (13.1%)

Gestational age >37 weeks 99 (97%) 95 (95.5%) 0.67
Infection in the first year of life 12 (11.7%) 2 (%2.02) 6.46 0.007
Infection after the first year of life 5 (4.90%) 3 (3.03%) 0.29
Birth seasonality :

Spring 22 (21.5%) 31 (31.3%)

Summer 29 (28.4%) 21 (21.2%) 033
Autumn 30 (29.4%) 31 (31.3%) ’
Winter 21 (20.5%) 16 (16.6%

Maternal type 2 diabetes mellitus 8 (7.8%) 9 (9.09%) 0.8

situations in very early childhood might affect
the onset of diabetes in genetically at-risk
children(12). In contrast, Cosgrove cited one
large well-controlled trial and stated that
stressful life events do not cause T1D (13).
Similarly, studies by Lloyd et al. and Littorin
et al. failed to support the concept that stress
causes type 1 diabetes (14,15).

Our study found that having history of
neonatal jaundice requiring phototherapy was
more prevalent among diabetic cases
compared to the control group. In confirmation
of the results of this finding, a previous study
has suggested an association between neonatal
jaundice and the risk of developing T1D (16).
It is unclear how jaundice is involved in
diabetes development, but it seems to be
related to the underlying disease leading to
jaundice rather than icterus itself as a potential
cause of TID. Our data add to our
understanding of the potential contribution of
neonatal jaundice to T1D etiology. However,
this association needs further exploration.
Although others have shown no association
between diabetes development and economic
status (17), the data of this study revealed that
the average family income was significantly
lower in diabetic group compared to the
control group. We have no explanation for this
unexpected finding. It can be assumed that the

triggers for diabetes may be different around
the world.

In confirmation of study by Beyerlein (18),
in our study having self-reported history of
lower respiratory tract infections leading to
hospitalization in the first year of life
associated with the T1D. Multiple mechanisms
of action have been proposed to explain the
role of viral infections (bacterial infections are
rarely discussed) as biological agents linked to
type 1 diabetes development. One group of
viruses can directly infect and destroy
pancreatic f-cells independent of autoimmune
processes. Viral infections may have the
potential to induce islet autoimmunity and -
cell damage (bystander activation of auto
reactive T cells, loss of regulatory T cells and
by the introduction of an antigen that cross-
reacts with islet cell antigens) (19).

Evidence regarding the association of
infection with diabetes mellitus is inconsistent
and remains inconclusive. Some prospective
studies have reported that multiple exposures
and more frequent infections might increase
the risk of islet autoimmunity and speed up the
development of diabetes in children (18,20).
On the contrary, some recent reports suggest
that infectious agents may play a protective
role against diabetes development. It is
assumed that improved hygiene and lack of
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exposure to childhood infection and so less
antigenic stimulation in early life may increase
an individual’s chances of developing
autoimmune disease including T1D because
immune system is less trained for its main task
namely host defense (Hygiene hypothesis)
(21). Nevertheless, hygiene hypothesis is not
widely accepted, and further investigations are
warranted to elucidate whether infections
contribute to diabetes or have a protective
effect on the expression of the disease (7).

Consistent with previous studies (22,23)
there was no significant difference between
the two groups in terms of breastfeeding rate.
So, the data of this study failed to confirm
earlier findings of an association between T1D
and infant feeding in the first 6 months of life.
The justification for this finding may be that
breastfeeding rates are high in our area.
However, in contrast to data from the
Frederiksen and Lund-Blix (24,25), a lower
number of patients in the diabetic group had
experienced duration of breastfeeding longer
than one year compared to the control group.

Previous studies show that A1 beta-casein of
cows’ milk is one putative environmental
factor that increases the risk of TID in the
child (26,27). Hyytinen et al. and Alves JG et
al. have shown that avoidance of cow's milk-
based formula for infants with genetic
susceptibility for TID may reduce the
cumulative incidence of diabetes-associated
autoantibodies (28,29). Earlier studies have
suggested  that  protective  effect of
breastfeeding may be related to its influence
on changing the role of dietary factors on the
risk of developing T1D (7).

With respect to birth seasonality, this study
showed no evidence of an association between
the birth season and development of TID, a
finding that contradicts the results of previous
studies (30,31). A series of population-based
studies found association between the risk of
T1D and past environmental exposures such as
gestational age, birth weight, birth order,
infection leading to hospitalization after 1 year
of birth, and positive familial history of type 2
diabetes mellitus. In this current study, no

association was found between T1D and these
variables.

This study had several limitations that
should be considered. Firstly, questionnaire
information was  self-reported by the
participants and therefore was prone to
misreporting and recall bias. Secondly, this
was a case-control study whose results were
not as conclusive as those of well-controlled
trials and cohort studies. Thirdly, this study
was conducted with a small sample size. The
present findings cannot prove causality, but
only show a link between T1D and exposure
to certain environmental factors before the
onset of the disease. However, the present
study reinforces previous findings on the
association of TID with environmental
factors.

Conclusions

In conclusion, the present study found that
certain environmental factors including major
psychological stressors, neonatal jaundice,
infection leading to hospitalization in the first
year of birth, low family income, earlier
introduction of cereals, and discontinuation of
breastfeeding after the first year were
associated with T1D. The results of this study
may also indicate that the distribution of
triggers or accelerators of T1D development
may vary around the world. To fully
understand the effects of environmental factors
on autoimmunity and TI1D risk, additional
large-scale cohort studies will be of
importance.
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