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Abstract

Background: Perinatal risk factors may contribute to the development of childhood type 1 diabetes.
Objectives: This study aimed to evaluate the possible correlation between some perinatal risk factors and the development of dia-
betes in children.
Methods: A case-control study was designed in a Children’s Medical Center. We enrolled 100 children aged 2 - 15 years with the
diagnosis of type 1 diabetes and the equal number of age and sex-matched healthy children. We used a questionnaire to collect data
regarding some perinatal risk factors such as gestational diabetes mellitus, parental history of diabetes, parental age, preeclampsia,
parental smoking, mode of delivery, gender, birth weight, gestational age, order of birth, type of feeding in neonates, and history of
prior admission in hospitals during the neonatal period.
Results: Children who were exposed to maternal gestational diabetes and preeclampsia were at the increased risk of developing
type 1 diabetes with odds ratios of 3.789 and 3.150, respectively. Children with a birth weight of above 4 kg had an increased risk of
childhood diabetes with an odds ratio of 4.25. There was no significant association between the other risk factors and the develop-
ment of childhood diabetes.
Conclusions: Avoidance of predisposing factors, appropriate prenatal care, educational programs for improving awareness and
knowledge in parents are simple, effective preventive strategies to reduce the risk of type 1 diabetes in children.
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1. Background

Type 1 diabetes is an autoimmune disease resulting in
the destruction of beta cells in the pancreatic islets secret-
ing insulin (1, 2). The incidence of type 1 diabetes is rapidly
increasing worldwide. This cannot only be explained by ge-
netic factors but environmental factors might have roles in
the pathogenesis of childhood diabetes. Exposure to envi-
ronmental factors in-utero or in early life could initiate or
accelerate the autoimmune destruction of beta cells in ge-
netically susceptible subjects (3).

The influence of environmental factors may vary from
population to population. More specifically, disease inci-
dence may differ from one geographical area to another
because of different exposures to a given risk factor or be-
cause of the difference in population genetic susceptibility
to that risk factor (4).

Much research has focused on certain perinatal factors
as the risk factors for the development of childhood dia-
betes, but conflicting results exist in this regard. To the best

of our knowledge, there are limited studies that have an-
alyzed the correlation between gestational and neonatal
events and the development of childhood type 1 diabetes
in Iran.

2. Objectives

This study aimed to evaluate the possible link between
some perinatal risk factors and the development of type I
diabetes.

3. Methods

A population-based case-control study was designed
among diabetic children and nondiabetic subjects in a
Children’s Medical Center, a referral hospital for endocrine
disorders in children. Children with type 1 diabetes who
were younger than 15-years-old and attended the Pediatric
Outpatient Endocrine Clinic or admitted to the pediatric
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endocrine ward constituted the patient group. The con-
trol group matched for age and sex was randomly selected
from healthy subjects attending the outpatient clinic for
routine checkups or vaccination. Informed consent was
obtained from all patients or their parents and the study
was approved by the Ethics Committee of Tehran Univer-
sity of Medical Sciences.

Information about the following variables was col-
lected: gestational diabetes mellitus, parental history of
diabetes, parental age, preeclampsia, parental smoking,
mode of delivery, gender, birth weight, gestational age, the
order of birth, type of feeding in neonates, and history of
hospitalization during the neonatal period. Data analysis
was performed by SPSS version 18 using descriptive statis-
tics and conditional logistic regression to estimate odds ra-
tios.

4. Results

We enrolled 100 diabetic and 100 healthy children in
this study. Patient and control subjects were similar in
both age and sex. There were 54 males and 46 females with
a mean age of 7.9 years (SD 3.7 years).

Regarding the potential risk factors during pregnancy,
the prevalence of gestational diabetes mellitus (GDM) was
significantly different between the two groups. There were
10 mothers with GDM in the case group and two mothers
with GDM in the control group. Children with the diag-
nosis of type 1 diabetes were more likely to have been ex-
posed to maternal gestation diabetes (OR = 3.789, P value
= 0.05). None of the mothers in either group had type
1 diabetes, but three mothers in the patient group and
one in the control group reported a history of type 2 dia-
betes, which showed no statistically significant difference
(P value > 0.05). There was no association between type I
diabetes and paternal diabetes (P value = 0.60, OR = 1.005).

In our study, the history of maternal preeclampsia was
associated with an increased incidence of type I diabetes.
On the other hand, the offspring of preeclamptic mothers
were more susceptible to developing type 1 diabetes than
those in the control group (OR = 3.150, P value < 0.05).

The number of parents with smoking habits was
higher in the case group (38%) than in the control group
(28%), but the difference was not significant (P value >
0.05). There was no statistical difference regarding the
mode of delivery between the two groups.

The mean age of mothers at the time of delivery was
25.5 ± 4.5 and 24.9 ± 4.1 years in the patient and control
groups, respectively (P value = 0.74), and the mean age of
fathers was 30.5 ± 4.9 and 29.4 ± 4.2, respectively (P value
= 0.65), which showed no significant difference.

Among the neonatal risk factors, we evaluated gesta-
tional age, birth order, birth weight, type of feeding, and
neonatal illnesses including respiratory distress and infec-
tions.

Gestational age and birth order were similar between
the two groups. Birth weight above 4 kg was associated
with a higher incidence of type I diabetes (OR = 4.25, P
value = 0.041). The type of feeding was similar in both
groups. The frequency of breastfeeding, formula feeding,
and mixed was 65, 20, and 15 versus 72, 18, and 10 in the pa-
tient and control groups, respectively. The difference be-
tween the groups was not significant (P value = 0.4).

In our study, we did not find any increase in the devel-
opment of childhood diabetes with a prior history of ad-
mission for respiratory diseases and sepsis in the neonatal
period.

There were four children in the patient group and two
in the control group with a prior history of admission for
respiratory disease. Also, prior admission for sepsis was ob-
served in four children in the patient group and three in
the control group. Table 1 demonstrates more details about
the association between perinatal risk factors and type 1 di-
abetes.

5. Discussion

In this study, we evaluated the influence of exposure to
certain risk factors during pregnancy and early life on the
development of type 1 diabetes in children younger than
15-years-old.

Our study showed a significant association between
maternal GDM during pregnancy and type I diabetes in
their offspring (OR = 3.789, P value = 0.05). It is consistent
with the findings by Haynes et al. (5), Stene et al. (6), Ma-
jeed et al. (4), and Abdelmoez Ali et al. (7) that reported the
higher prevalence of GDM in the case groups than in con-
trols. Another study from Taiwan reported a great rate of
GDM in the mothers of patients than in control mothers
(8). It seems that prenatal exposure to gestational diabetes
and hyperglycemia could have effects on the postnatal glu-
cose metabolism in offspring.

Despite an expected association between parental dia-
betes and developing the disease in children, we found no
significant difference in the positive history of diabetes be-
tween patients and controls. Roche et al. (9) described an
abrupt onset of type 1 diabetes and the lack of family his-
tory. Similar studies indicate that most children with the
disease do not have a sibling or a parent with diabetes (10).

Preeclampsia was significantly associated with type 1
diabetes in the present study. The result of our study is
supported by other research (4-7, 11). Algert et al. (3) re-
ported preeclampsia as a risk factor for childhood dia-
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Table 1. Comparison of Potential Perinatal Risk Factors Between Children With Diabetes and the Control Group

Variables Cases Control OR P Value Significant

Maternal GDM 10 2 3.789 0.05 Yes

Maternal diabetes > 0.05 No

Type I 0 0

Type II 3 1

Paternal diabetes 1.005 0.6 No

Type I 1 0

Type II 3 2

Preeclampsia 3 1 3.150 0.05 Yes

Maternal smoking 38 20 5.521 > 0.05 No

Mode of delivery 1.22 0.5 No

NVD 38 37

C/S 62 63

Maternal age, range 18 - 43 19 - 41 1.381 0.742 No

< 25 43 39

25 - 40 55 59

> 40 2 2

Paternal age, range 22 - 48 21 - 46 0.656 No

Mean ± SD 30.56 ± 4.9 29.40 ± 4.2

Gestational age - 0.248 No

Pre-term 16 15

Term 84 85

Birth order 0.406 0.524 No

First 52 55

Second and more 48 45

Birth weight, g 4.25 0.041 Yes

< 2500 10 9

2500 - 4000 83 89

> 4000 7 2

Type of feeding 0.40 No

Breastfeeding 65 72

Formula feeding 20 18

Mixed 15 10

Infant hospitalization 9 7 0.523 > 0.05 No

Sepsis 4 3

Respiratory distress 4 2

Other causes 1 2

betes, but only among children diagnosed before three-
years-old. The results from 16 studies including 8,315 chil-
dren with childhood diabetes demonstrated that there
was little evidence of an increased risk of diabetes in chil-
dren of preeclamptic mothers. Though the mechanism is
not clear, the fetal immune system may be affected by preg-
nancy complications.

Moreover, Lee et al. (8) did not support a significant in-
crease in the risk of type 1 diabetes in relation to maternal
preeclampsia in their study (8). Another study from Swe-
den did not confirm the association between preeclampsia
or eclampsia in the mother and type 1 diabetes in the off-
spring (12). One hypothesis for this different finding may
be due to the newer and more active treatments during
pregnancy that could have eradicated a possible effect of

preeclampsia on the fetal immune system.

Although we did not find any correlation between
smoking habits in mothers and childhood type 1 diabetes,
which was in accordance with Ievins et al.’s (13) study, some
studies revealed a reduced risk of childhood diabetes with
maternal smoking with odds ratios of 0.67 and 0.7 (14, 15).
A reduced risk between maternal smoking during preg-
nancy and the risk of immune-mediated diseases in later
life may be considered.

In the present study, no significant correlation was
seen between the maternal age at delivery and the occur-
rence of childhood diabetes. This finding is consistent
with some studies (13, 14, 16); however, newer studies sug-
gested that older mothers had an increased risk of hav-
ing children with later development of type 1 diabetes (17).
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Cardwell et al. (18) reported a 5% increase in the odds of
childhood type 1 diabetes per each five-year increase in ma-
ternal age (P = 0.006). Abdelmoez Ali et al. (7) showed each
five-year increase in maternal age increased the risk of type
1 diabetes by approximately two folds. In the Dahlquist et
al. (11) study, the maternal age of higher than 25 was a sig-
nificant risk factor. It seems that an increase in maternal
age is related to autoimmune diseases (6). Maternal age
may be a marker of accumulated multiple exposures or
pregnancy complications.

A meta-analysis conducted by Cardwell et al. (18)
demonstrated a 23% higher risk of early-onset diabetes in
children delivered by cesarean sections than in offspring
who were born vaginally. A study from Taiwan also de-
scribed a strong association between cesarean section and
the risk of type 1 diabetes (8). Cesarean section was found
to be a significant risk for type 1 diabetes in the United King-
dom and Sweden. It is supposed that anesthetic agents
given during a cesarean section might render the cells
more susceptible to damage (19). While most studies con-
firm the role of cesarean section as a risk factor for type 1
diabetes, our study did not support this finding. Borras et
al. (16) indicated a similar route of delivery in the diabetic
and control groups. Dahlquist et al. (11) reported that the
type of delivery did not affect type I diabetes.

An association between birth weight and type 1 dia-
betes has been reported, as well. In several studies, higher
birth weight was associated with a significant and consis-
tent increase in the risk of type 1 diabetes (5, 15) while in
the EURODIAB multicenter study, low birth weight (LBW)
was a protective factor against developing type 1 diabetes
in the future (11). This result is not in line with the study
by Stene et al. (20) and Abdelmoez Ali et al. (7) that re-
ported LBW was associated with an increased risk of type
1 diabetes. Robertson and Harrild (14) did not report any
correlation between birth weight and the risk of type 1 dia-
betes in children under 15-years-old.

In the current study, children with a birth weight of
more than 4,000 g had an increased risk of diabetes (OR
= 4.25) compared to children with normal and low weight
at birth.

Higher birth weight is associated with an increased
risk of mortality during the first year of life and with the de-
velopment of health problems during infancy, childhood,
and even adulthood (16). High intrauterine and rapid post-
natal growth are associated with a hyperinsulinemic state,
which may trigger the autoimmune process of islet cells’
destruction, leading to type 1 diabetes (5).

Regarding feeding habits, we did not find any differ-
ence between the two groups. The protective role of breast-
feeding was reported by some studies (7, 21, 22), whereas
others did not find any correlation (12, 13), even some oth-

ers revealed a negative effect (23).
Our results did not support the protective effect of

breastfeeding on diabetes. Our work and most of the
studies were performed retrospectively, so the recall bias
should be considered. The effect of nutrition in the devel-
opment of type 1 diabetes deserves further studies.

The association of respiratory distress and sepsis in
neonates with the increased risk of type 1 diabetes was not
confirmed in our study. Similar results were demonstrated
by Visalli et al. (19). Neonatal infections were not associated
with the risk of type 1 diabetes in Dahlquist et al.’s (11) study,
but they reported neonatal respiratory distress as a risk fac-
tor. Many studies confirmed that neonatal diseases includ-
ing respiratory distress, jaundice, and infections were the
risk factors for type 1 diabetes (4, 7, 17).

5.1. Conclusions

According to the results of the present study, some
perinatal risk factors such as gestational diabetes,
preeclampsia, and higher birth weight were associ-
ated with an increased risk of childhood type 1 diabetes.
Identification and avoiding exposure to the risk factors,
provision of prenatal care, improving knowledge and
awareness in parents about predisposing factors, certain
educational programs, and optimum follow-up to eval-
uate the efficacy of interventions are simple, effective
preventive strategies.
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