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Abstract
Background: There is increasing incidence of Type 1 Diabetes Mellitus (T1DM), an
autoimmune disease that destroys pancreatic beta cells and is caused by multiple
environmental factors. This increasing incidence has been associated with different factors.
We aimed to investigate the relationship between environmental factors, such as vitamin
D deficiency, socioeconomic status, maternal age, low birth weight, mode of delivery,
and breastfeeding; and T1DM. In addition, we critically discussed environmental factors
promoting the progression to T1DM.
Methods: We analyzed data of 250 children and adolescents aged<18 years who were
selected through a random sampling technique. Descriptive data were collected from various
ambulatory pediatric endocrine clinics in Jeddah city by reviewing both the medical records
of patients and the phoenix system.
Results: The 250 patients included 125 boys and 125 girls with T1DM. Evaluation of
environmental factors revealed that 111 (44.4%) patients had low vitamin D levels, 106
(42.4%) had good income, 140 (56.7%) had maternal age>30 years at delivery, 190 (76%)
had normal birth weight, 173 (69.2%) were delivered through vaginal birth, 72 of 117
patients were breast and bottle fed, and 72 of 142 patients were fed for 1-2 years after birth.
Conclusions: There was a significant association between environmental factors and
increased risk of T1DM. The most common environmental factors that increased the risk of
T1DM were maternal age>30 years and low vitamin D levels in the infant as well as good or
average socioeconomic status.
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Introduction
Type 1 Diabetes Mellitus (T1DM) is an autoimmune
disease that triggers the destruction of pancreatic beta cells,
and is caused by several environmental factors [1]. The
incidence of T1DM has almost doubled from 2.8% to 4.0%
per year worldwide [2]. Therefore, we examined a previously
proposed hypothesis, to explain the drastic increase in the
incidence of T1DM. Several studies have investigated the
relationship between environmental factors and the risk of
childhood-onset T1DM; some studies have demonstrated a
weak relationship, while others have confirmed a significant
relationship [3]. In recent years, the increasing incidence
of T1DM has been associated with various factors [4]. The
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aim of our study was to investigate the relationship between
environmental factors, such as vitamin D deficiency, as well
as socioeconomic status, maternal age, low birth weight,
mode of delivery, and breastfeeding, and T1DM. In addition,
we discussed environmental factors that are promoting the
progression to T1DM.

Materials and Methods
Study design
This is a descriptive study conducted at King AbdulAziz University Hospital, with data collected from
diabetes mellitus clinics in Jeddah, Saudi Arabia, from
July to October 2017.
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Study population
The study population comprised 250 children and
adolescents<18 years of age who were selected through
a random sampling technique. Individuals>18 years were
excluded from this study. Participants with type 2 diabetes
mellitus and those who underwent pancreatectomy were
excluded from the study.

40-years-old. Birth weight was examined and we observed
that 34 cases (13.6%) had low birth weight, 190 cases
(76%) had normal birth weight, and 26 cases (10.4%) had
large birth weight. Mode of delivery was assessed and 173
mothers (69.2%) had vaginal birth and 77 (30.8%) had
cesarean section.

Data were collected from both the medical records
and the phoenix medical system. These medical records
were from the Department of Pediatrics, King Abdul-Aziz
University, Jeddah, Saudi Arabia. All demographic data,
including age, sex, birth weight, mode of delivery, and
type of feeding in children diagnosed with T1DM, were
collected.

The different feeding types are presented in Table 2.
Seventy-nine cases (31.6%) were breastfed, 54 (21.6%)
were bottle fed and 117 (46.8%) were breast- and bottle
fed. For feeding duration, 28 cases (11.2%) were fed for
<6 months, 67 cases (26.8%) were fed for 6 months to
1 year, 142 cases (56.8%) were fed for 1-2 years, and
13 cases (5.2%) were fed for>2 years. Following the
assessment of vitamin D levels, we noted that 139 cases
(55.6%) of vitamin D levels were within normal, while
111 cases (44.4%) had low vitamin D levels.

Ethical considerations

Discussion

This study was approved by the Institutional Review
Board of King Abdul-Aziz Hospital. All information of
the patients was kept confidential.

We analyzed the relationship between environmental
factors and T1DM in children and adolescents<18 years
of age and assessed for their age, birth weight, mode of
delivery, and type of feeding. This topic has received
significant attention from researchers worldwide. Our
study had a medium sample size and our data were
acquired from computerized registries with almost
complete coverage of information. We considered other

Data collection

Statistical analysis
Data were entered, coded, cleaned, and analyzed using
the statistical package for social science version 22 (IBM
SPSS).

Results
A total of 250 T1DM cases were reviewed from July
to September 2017. Among these, 204 cases (81.6%) were
Saudis and 46 (18.4%) were non-Saudis. Furthermore,
142 cases (56.8%) did not have consanguineous parents,
while 108 (43.2%) had consanguineous parents. Income
for assessing the socioeconomic status was as follows:
40 cases (16%) had low income, 104 cases (41.6%) had
average income, and 106 cases (42.4%) had good income.
The number of family members was assessed and we noted
that 25 cases (10%) had 1-2 family members, 103 cases
(41.2%) had 3-5 family members, and 122 cases (48.8%)
had>5 family members (Figure 1). Maternal age at delivery
was also evaluated (Table 1). At the time of delivery of the
study participants (children and adolescents), 7 mothers
(2.8%) were<20-years-old, 100 mothers (40.5%) were
aged between 20-29 years, 123 mothers (49.8%) were
aged between 30-39 years, and 17 mothers (6.9%) were ≥

Table 1. Maternal age distribution
Maternal Age
Number of Cases
<20 years
7 (2.8%)
20-29 years
100 (40.5)
30-39 years
123 (49.8%)
≥ 40 years
17 (6.9%)
Table 2. Types and duration of feeding
Type of feeding
Feeding
Total
Breast
Bottle
Both
duration Feeding Feeding
<6 months
7
11
10
28
6 months
27
11
29
67
to 1 year
1-2 years
40
30
72
142
>2 years
5
2
6
13
Total
79
54
117
250

Figure 1. Number of family members per case
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confounding factors such as type 2 diabetes mellitus, and
maturity-onset diabetes mellitus of the young.
Vitamin D interacts with the immune system in
different ways [5]; hence, its concentration in relation
to T1DM, among other autoimmune diseases, has been
largely investigated, although evidence on the relationship
between vitamin D and T1DM remains controversial [6].
Vitamin D deficiency among T1DM patients was high
and almost correlated with glycemic control, in a study
conducted between January and December 2013 at the
outpatient department of King Abdul-Aziz University
Hospital, where, 77% diabetes mellitus patients had
decreased vitamin D levels. In addition, 66% patients had
impaired vitamin D levels with poorly controlled blood
sugar (hemoglobin A1c [HbA1c]>9%). Furthermore,
the results of the study demonstrated that vitamin D
supplementation could aid in managing glucose levels [7].
Another study involving 60 Saudi adults with T1DM
and 60 normal controls (non-diabetes mellitus individuals)
demonstrated that vitamin D insufficiency was higher in
adults with T1DM than the non-diabetes mellitus controls.
Furthermore, vitamin D insufficiency was frequent in Saudi
due to cultural and social factors such as the decreased
exposure to both sunlight and vitamin D supplements [8].
Talaat et al. [9] proposed that vitamin D may play a
role in the pathogenesis of T1DM and demonstrated that in
T1DM children, insufficient levels of 25[OH] D correlated
with elevated HbA1c levels, circulatory cytokines, and
antibody markers [9].
A systematic review and meta-analysis of five
observational studies (four case-control studies and
one cohort study) and no randomized controlled trials,
examined if vitamin D supplementation in infancy
reduced T1DM development in later life. The study stated
that observational studies provided evidence that vitamin
D supplementation in infancy can protect against the
development of T1DM in adults. However, for a solid
conclusion to be achieved, randomized controlled trials
with long periods of follow-up are recommended [10].
Mäkinen et al. [6] investigated if there were
measurable variances in serum 25[OH] D concentrations
among children who developed T1DM (cases) and those
who remained non-diabetic with no islet autoantibodies
(controls) who were followed up from birth until disease
onset. The results of the study by Mäkinen et al. [6]
revealed that serum 25[OH] D concentrations were not
associated with the development of T1DM in Finland;
although, vitamin D consumption has been linked with
the development of T1DM for quite some time [11]. In
addition, decreased serum 25[OH] D concentrations
have been noted in T1DM cases more often than in
controls worldwide [12-17]. The changes in 25[OH] D
concentrations may be observed following the diagnosis,
since T1DM can influence vitamin D metabolism, and
T1DM-related problems could lead to a decrease in
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vitamin D-binding protein via excretion into the urine
[18]. The outcomes of this prospective study propose
that the progress of T1DM is not correlated with marked
changes in vitamin D status [6].
In our study, the descriptive results demonstrated that
55.6% cases had vitamin D deficiency and 44.4% did not
have vitamin D deficiency. This suggests that vitamin D
could contribute to the process of the disease and in its
control [7].
Some studies demonstrated that there was no
association between low socioeconomic status and
T1DM; however, they revealed that low socioeconomic
status may be associated with an increased incidence of
severe hypoglycemia in children and adolescents, with
T1DM. Low socioeconomic status of parents of patients
and of patients themselves has strong influence on the
development of end-stage renal disease in T1DM [19,20].
Low socioeconomic status with the need for income
support increases the risk of mortality in patients with
childhood-onset T1DM and implicated in patients who died
after the age of 18 years [21]. In our study, we observed an
association between a family with >5 members with good
income as well as those who live in an apartment with no
consanguinity and T1DM.
A population-based Norwegian cohort study evaluated
births between 1989 and 1998 and identified 1824 T1DM
cases. A negative result was observed between maternal
age at birth and T1DM among firstborn children; however,
among fourth born children, there was a 43.2% increase in
the incidence of diabetes mellitus for each 5-year increase
in maternal age [22].
On the other hand, a study from the United Kingdom
assessed the effect of parental age and risk of diabetes
mellitus within a large population, based on the cohort
of children with diabetes mellitus and their siblings. An
increase in maternal age at childbirth was associated with
a log linear increase in the risk of diabetes mellitus in the
offspring [23]. In our study, we observed that the mothers
of 100 out of 250 (40.5%) children and adolescents were
20-29-years-old at the time of their delivery and 123 out of
250 (49.8%) were 30-39-years-old at the time of delivery.
This means that increase in maternal age is associated with
an increased risk of T1DM in their children.
There are several studies investigating the relationship
between Body Mass Index (BMI) and low birth weight
and T1DM. All children were aged between 38-40 weeks
of gestational age. We noted that diabetes mellitus patients
had lower birth weight and lower BMI at birth than healthy
children. Children with diabetes mellitus demonstrated
a significant increase in BMI during the first two years
of life. Children with the lowest BMI at birth were the
youngest at onset of T1DM. BMI at diagnosis was not
related to any of the variables studied. There were no sex
differences. Awadalla et al. [24] demonstrated that low
BMI at birth and increase in BMI in the later years of life
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were risk factors for T1DM; this appeared to be related to
the intrauterine environment. Previous studies suggested
that birth weight and weight gain during the first year of
life are related to the risk of T1DM in later life. Another
study suggested that environmental factors during prenatal
life may influence the risk of T1DM. It has been proposed
that low birth weight, which was shown to be a risk
factor for type 2 diabetes mellitus was associated with an
increased risk of T1DM [25-27]. The results from a metaanalysis indicate that high birth weight is significantly
associated with an increased risk of developing T1DM in
later life. However, to date, there are no data to indicate
that low birth weight and/or slow weight gain during
infancy led to the development of T1DM later in life.
Another study demonstrates a different result showing the
relationship between birth weight, early weight gain, and
subsequent risk of type 1 diabetes mellitus [28]. A control
study in Norway on 471 children revealed a significant
association between birth weight and the risk of T1DM
[29]. In contrast, our study demonstrated that there is no
significant association between birth weight and increased
risk of T1DM, which is based on the result observed with
various birth weights; 76% cases had normal birth weight
and T1DM.
A meta-analysis of observational studies performed in
the UK revealed that there is a 20% increase in the risk of
T1DM in children born via caesarean section [30]. Based
on our results, we observed that 30.8% of the children
who developed type T1DM were delivered via cesarean
section.
A study conducted in Sweden from 1984 to 2012 did
not find a high risk of T1DM in the age group<18 years
among children born via cesarean section. Unadjusted
data revealed a strong correlation between the incidence
of pediatric T1DM and cesarean section. The unadjusted
Odds Ratio (OR) of 1.12 was in line with that from
other studies; however, after adjustments for potential
confounders, there was no risk found [31].
Another study demonstrated that delivery via cesarean
section is related to a relative risk of approximately 1.2
for pediatric T1DM, with varying results among different
studies. New results from the German BABYDIAB
study demonstrated that cesarean section did not increase
the risk for islet autoantibodies but increased the risk of
progression from islet autoimmunity to clinical T1DM.
Further research to validate this finding should be
replicated in other longitudinal studies to investigate the
mechanism of this relationship with islet autoimmunity
or with progression from islet autoimmunity to pediatric
T1DM [32].
A systematic review conducted by Patelarou et al.
[33] demonstrated a protective association between
breastfeeding for at least 6 months after birth and
development of T1DM. Most studies in this systematic
review revealed that absence of breastfeeding or
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breastfeeding for a short period is a major risk factor
for the development of T1DM. The protective effect
of breast milk may be attributed to its antimicrobial
properties, which protect the infant against a broad range
of microorganisms [33]. Thus, breastfeeding appears
to protect infants from infections by enteroviruses and
B-cell autoimmunity that could result in the development
of T1DM [34]. Some studies have provided adequate
evidence that early introduction of cow milk in the first
year of life was associated with a high risk of T1DM [3537].
The risk of diabetes mellitus via cow milk could be
explained by early immunization to bovine insulin that
occurs in some individuals; whether this initiates an
autoimmune response to human insulin and insulinproducing B cells remains to be confirmed [38,39].
However, some studies did not find a relationship
between diabetes mellitus autoimmunity and duration of
breastfeeding or early exposure to cow milk [40,41], while
another study did [42]. In our study we observed that 28
(11.2%) infants were fed milk for<6 months, 67 (26.8%)
infants were fed milk for 6 months to 1 year, 142 (56.8%)
infants were fed milk for 1-2 years, and 13 (5.2%) infants
were fed milk for>2 years. In addition, we noted that 79
(31.6%) infants were breast fed, 54 (21.6%) babies were
bottle fed, and 117 (46.8%) infants were fed via both.
In conclusion, our study identified the most common
environmental factors that influenced the incidence of
T1DM in children and adolescents. Low birth weight was
not a significant risk factor of T1DM. However, normal
birth weight, maternal age F>30 years, vaginal birth,
feeding type, low vitamin D levels in children, and a good
socioeconomic status demonstrated a strong significant
association with T1DM. We recommend that children
should be given vitamin D supplement due to lack of
exposure to sunlight and vitamin supplements.
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