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Introduction
Type 1 diabetes mellitus (T1DM) is 
found mostly in children. It is caused 
by the autoimmune destruction of 
insulin‑producing cells of the pancreas, 
which leads to hyperglycemia.[1] In recent 
decades, the incidence of T1DM has 
been increasing worldwide. Its cause is 
multifactorial and consists of genetic 
susceptibility and environmental triggers, 
although little is known about the events 
that trigger the autoimmune process.[2]

Such rapid changes in the occurrence of 
T1DM over time cannot be explained 
by shifts in the genetic material alone, 
but rather as a result of changes in 
environmental elements that initiate and aid 
progres sion of the disease.[3]

Additionally, the concordance rate of <50% 
in identical twins suggests a notable role of 
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environmental factors in the development 
of diabetes. The relative increase in its 
incidence in children <5 years old indicates 
that environmental exposures in early life 
could play an important role.[1]

It seems that in child‑onset cases, events 
that ignite the progressive autoimmune 
processes, leading to diabetes, occur in the 
fetal or perinatal period of life. The most 
compelling example of an environmental 
risk factor strongly associated with T1DM 
is the rubella virus infection occurring 
during fetal life. More recently, fetal 
exposure to enteroviruses has also been 
associated with the risk of T1DM.[3]

T1DM requires intensive continuous 
management. It can eventually lead 
to secondary complications and affect 
multiple organs. Concern has been raised 
about the increasing incidence of this 
disease worldwide, given the impact that 
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T1DM has on the quality of life and the long‑term cost to 
healthcare systems and individuals with diabetes and their 
families.[4]

Various population‑based studies originating from 
prospectively recorded perinatal data either from 
hospital records or from registry have suggested 
associations between the risk of T1DM and factors such 
as maternal preeclampsia, delivery by cesarean section, 
older maternal age, increased birth weight by gestational 
age, and neonatal jaundice induced by maternal‑fetal 
blood group incompatibility. Some of these have been 
confirmed in meta‑analyses, whereas others remain 
controversial.[5]

Regarding the burden of this chronic disease on society, 
the healthcare system, patients and their families, this 
study aimed to demonstrate the relationship between the 
development of T1DM and fetal/perinatal risk factors.

Methods
Studied population

This case‑control study has been performed on children 
who were referred to the 17th Shahrivar Hospital. The case 
group encompasses children with T1DM and a control 
group including healthy siblings of the case group.

Ethical considerations

Ethical approval was obtained from the Vice‑Chancellor 
of Research at Guilan University of Medical Sciences 
(No. = IR.GUMS.REC.1399.314, Oct 7, 2020), and a 
consent letter was obtained from parents or guardians.

Inclusion and exclusion criteria

Inclusion criteria for the case group were as follows: 
T1DM, age under 24 years,[6] and having a healthy 
sibling. They were regularly visited by the pediatric 
endocrinologist and based on the clinical and laboratory 
results, appropriate treatment was indicated. Those who 
expressed unwillingness to participate were excluded.

Gathering data

Data were gathered by a form including maternal and 
neonatal characteristics. Maternal characteristics were 
maternal age during pregnancy, premature rupture of 
membrane (PROM), urinary tract infection (UTI) in 
pregnancy, gestational hypertension, weight gain during 
pregnancy, and mode of delivery. Any other underlying 
diseases or conditions that occurred during pregnancy 
were recorded. Neonatal characteristics of both groups 
at birth such as birth weight, birth length, prematurity, 
birth order, sex, and type of infant feeding were recorded. 
Also, the occurrence of diseases such as jaundice, 
neonatal infections, neonatal respiratory disorders such 
as respiratory distress syndrome, and any other high‑risk 
conditions was recorded.

Statistical analysis

Data were analyzed by SPSS version 22. Data were 
reported by descriptive statistics including number, percent, 
mean, and standard deviation. To investigate the effect of 
quantitative and qualitative variables on the development 
of T1DM, logistic regression and Chi‑square tests were 
used, respectively.

Results
In this study, 159 T1DM patients and 159 healthy siblings 
were enrolled. According to the results presented in 
Table 1, there was no statistically significant difference 
between the groups regarding current age, weight, and 
height (P > 0.05). The mean age at diagnosis in the case 
group was 7.42 ± 3.65 years.

There was no statistically significant difference between 
maternal age at gestation and the occurrence of T1DM 
in children (odds ratio [OR] = 1.03, 95% CI: 0.99‑1.08, 
P = 0.186). Birth height had a meaningful relationship with 
T1DM in children. The results showed that being 1 cm taller 
at birth increased the risk of T1DM by 23% (OR = 1.23, 
95% CI: 1.09‑1.38, P = 0.001). Results showed a significant 
relationship between birth weight and T1DM in children. 
Each kilogram increase of birth weight increased the risk 
of T1DM by 2.57 times (OR = 2.57, 95% CI: 1.52‑4.35, 
P < 0.0001). There was a significant relationship between 
maternal weight gain during pregnancy and T1DM in 
children. Thus, with every kilogram increase of maternal 
weight gain during pregnancy, the risk of developing 
T1DM in the child increased by 1.14 times (OR = 1.14, 
95% CI: 1.08‑1.21, P < 0.0001) [Table 2].

The risk of developing T1DM in girls was 1.14 times higher 
than in boys. However, the level of significance showed that 
there was no statistically significant relationship between 
child sex and T1DM (OR = 1.14, 95% CI: 0.73‑1.76, 
P = 0.574). A significant relationship between gestational 
hypertension and T1DM in children was observed, 
whereas children whose mothers had high blood pressure 
during pregnancy were 5.27 times more likely to develop 
T1DM than children without this condition (OR = 5.27, 
95% CI: 1.14‑24.44, P = 0.034). No association was 
detected between neonatal respiratory disease and T1DM 
in children (OR = 1.46, 95% CI: 0.54‑3.93, P = 0.457). 

Table 1: Demographic characteristics of children with 
T1DM and controls

Demographic 
characteristics 
(mean±SD)

Case Control t df P

Current age 11.75±4.77 12.56±7.40 1.149 316 0.252
Current height 143.70±22.51 140.26±31.38 1.075 316 0.283
Current weight 41.28±17.56 43.80±23.77 −1.122 316 0.263
Age of diagnosis 7.42±3.65 ‑ ‑ ‑ ‑
T1DM=type 1 diabetes mellitus
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Furthermore, results showed that there was a statistically 
significant relationship between neonatal jaundice and 
T1DM. Neonatal jaundice was associated with a 3.42 times 
higher risk of developing T1DM in childhood (OR = 3.42, 
95% CI: 2.07‑5.64, P < 0.0001). Comparison of the 
potential perinatal risk factors between groups is shown in 
Table 3. There was a statistically significant relationship 
between birth order and T1DM. Thus, the risk of developing 
T1DM in non‑first born children was 2.32 times higher 
than in first‑born children (OR = 2.32, 95% CI: 1.48‑3.64, 
P < 0.0001). A significant relationship between the mode 
of delivery and T1DM in children was seen. Thus, children 
born by cesarean section were 2.06 times more likely to 
have T1DM than the children born by natural vaginal 
delivery (OR = 2.06, 95% CI: 1.30‑3.25, P = 0.002). 
There was no significant association between prematurity 
and the risk of T1DM in children (OR = 1.79, 95% CI: 
0.51‑6.22, P = 0.363). Premature rupture of the membrane 
had a statistically significant relationship with the risk of 
T1DM in children. The OR showed that mothers who had 
premature rupture of the membrane were 4.37 times more 
likely to have a child with T1DM than the mothers without 
this condition (OR = 4.37, 95% CI: 2.01‑9.47, P < 0.0001).

There was a significant relationship between maternal UTI 
in pregnancy and T1DM in children. Thus, in children 
whose mothers had experienced UTI during pregnancy, 
the risk of developing T1DM was 3.94 times higher 
than in children without this condition (OR = 3.94, 95% 
CI: 1.92‑8.06, P < 0.0001). There was no statistically 
significant relationship between neonatal infections and 
T1DM (OR = 1.42, 95% CI: 0.44‑4.57, P = 0.558). There 
was a meaningful relationship between the type of milk 
consumed during infancy and T1DM. The risk of developing 
T1DM in children who were nonexclusively breastfed (in 
combination with formula) was 2.35 times higher than 
in children who were exclusively breastfed. Also, the 
probability of developing T1DM in children who were 
just formula fed during infancy was 2.30 times higher than 
in  children who were exclusively breastfed (OR = 2.35, 
95% CI: 1.16‑4.77, P = 0.018 and OR = 2.30, 95% CI: 
1.30‑4.07, P = 0.004, respectively) [Table 3].

Discussion
A total of 318 participants were included in this study, of 

whom 159 were children with T1DM and 159 were their 
healthy siblings. In this study, the case and control groups 
had the same height, and this indicated their good control 
with intensive insulin therapy. This result was consistent 
with previous studies.[7‑9] These findings present the 
important role of insulin therapy and intensified treatment 
in the growth velocity of diabetic children.

In this study, results demonstrated that T1DM was more 
common in children born by cesarean section. This finding 
was consistent with Cardwell et al.[10] and Waernbaum 
et al.’s[5] findings and inconsistent with Dahlquist et al.’s[3] 
results. These different results compared to previous studies 
may be due to pregestational obesity and greater weight 
gain during pregnancy,[11] which suggests that these factors 

Table 3: Potential perinatal risk factors of T1DM in 
cases and controls

Variables Case Control OR (95% CI) P
Child sex

Female 76 71 1.14 (0.73‑1.76) 0.574
Male 83 88

Gestational hypertension
Yes 10 2 5.27 (1.14‑24.44) 0.034
No 149 157

Respiratory disorder
Yes 10 7 1.46 (0.54‑3.93) 0.457
No 149 152

Neonatal jaundice
Yes 72 31 3.42 (2.07‑5.64) <0.0001
No 87 128

Birth order
First 63 96 2.32 (1.48‑3.64) <0.0001
Not first 96 63

Delivery mode
C/S 110 83 2.06 (1.30‑3.25) 0.002
NVD 49 76

Delivery time
Preterm 7 4 1.79 (0.51‑6.22) 0.363
Term 152 155

PROM
Yes 33 9 4.37 (2.01‑9.47) <0.0001
No 126 150

Maternal UTI
Yes 36 11 3.94 (1.92‑8.06) <0.0001
No 123 148

Neonatal infection
Yes 7 5 1.42 (0.44‑4.57) 0.558
No 152 154

Type of feeding
Breast feeding 92 121 ‑ ‑
Formula feeding 42 24 2.30 (1.30‑4.07) 0.004
Mixed 25 14 2.35 (1.16‑4.77) 0.018

PROM=premature rupture of membrane, T1DM=type 1 diabetes 
mellitus, UTI=urinary tract infection

Table 2: Perinatal variables of children with T1DM and 
controls

Variables 
(mean±SD)

Case Control OR (95% CI) P

Maternal age 25.82±5.12 25.06±5.12 1.03 (0.99‑1.08) 0.186
Maternal 
weight gain

13.72±4.56 11.60±3.41 1.14 (1.08‑1.21) <0.0001

Birth length 50.25±2.16 49.28±2.54 1.23 (1.09‑1.38) 0.001
Birth weight 3.31±0.47 3.12±0.45 2.57 (1.52‑4.35) <0.0001
T1DM=type 1 diabetes mellitus
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led to cesarean section and the delivery mode was not an 
independent risk factor for T1DM. Various mechanisms 
suggested the cesarean section as a risk factor. It has been 
associated with altered immune functions like reduced Th1 
responses and increased risk for autoimmune diseases, 
including T1DM, probably through altered gut microbiome 
composition.[5,10] Additionally, it has been reported that 
administering anesthetic drugs can induce cell damage 
during cesarean section.[12]

In this study, researchers did not find a significant 
relationship between gestational age and the risk of T1DM, 
which was consistent with Stene et al.[13] and Dahlquist 
et al.[3] and inconsistent with Cardwell et al.,[10] although 
in a recent large study by Waernbaum et al.,[5] in 2019, 
results showed a reduced risk of diabetes at gestational 
age less than 32 weeks and an increased risk of diabetes 
at a gestational age of 32‑36 weeks. These differences may 
be due to the lack of quantitative reports of gestational 
age in this study. As it was mentioned, gestational age 
was classified as preterm and term. However, Waernbaum 
et al. compared participants with less than 32 and 
32‑36 weeks of gestation.

In this study, there was no significant association between 
neonatal infections and T1DM. This result was consistent 
with Dahlquist et al.[3] and Waernbaum et al.[5] and 
inconsistent with Liao et al.[2] The lack of significant 
association between neonatal infections and the risk of 
T1DM in the current study did not exclude the possibility of 
infectious disease in utero or in the early neonatal period as 
a risk factor for diabetes because many viral diseases during 
pregnancy commonly remain undiagnosed. Therefore, 
considering total infections including asymptomatic viral 
infections with larger sample size is recommended.

This study showed that T1DM was 3.42 times more 
common in children who experienced neonatal jaundice 
than in the children without this condition. This finding 
was consistent with the result of Dahlquist et al.[3] and Liao 
et al.[2] and inconsistent with the result of Waernbaum et al.[5] 
These differences reflect different study designs, methods of 
jaundice ascertainment, number of participants, and different 
degrees of genetic and environmental predisposition 
to T1DM in different ethnic populations. Although the 
underlying mechanisms are undefined, it suggests that 
bilirubin overload may affect the neonatal immune system, 
triggering an aberrant immune response and initiating 
pancreatic islet autoimmunity, thus leading to selective 
pancreatic β‑cell destruction and eventually T1DM in some 
genetically susceptible cases. Hyperbilirubinemia itself is 
not associated with DNA damage, but both conventional 
and intensive phototherapy can lead to increased oxidative 
stress, DNA damage, and altered cytokine levels, all of 
which are associated with the pathogenesis of T1DM.[2]

This study found that diabetes was more common in 
children with longer length at birth. The risk of developing 

T1DM had increased 1.23 times for every centimeter 
increase in birth length. This result conformed to Dahlquist 
et al.’s[3] findings that demonstrated the protective 
influence of having a short birth length on developing 
T1DM. This relationship may be due to the influence of 
difference in HLA, which Larsson et al.[14] investigated 
in 2008 and reported similar birth length in cases and 
their HLA‑matched controls. In this study, there was no 
matching regarding the HLA type. Therefore, the mean 
birth length of diabetic patients was reported to be higher 
than that of healthy controls, which does not contradict the 
above‑mentioned study. The fact that birth length difference 
was not observed when compared with HLA‑matched 
children in Larsson et al.’s[14] study suggested that diabetes 
high‑risk HLA was conspicuously associated with growth 
development in utero and can affect birth length. In 
addition, in 2020, Liu et al.[15] reported that growth patterns 
in early life were associated with the development of T1DM 
regardless of HLA. Therefore, it seems that performing 
further studies assessing the relationship between growth 
patterns in the first year of life and the development of 
T1DM is recommended.

There was no significant association between maternal 
age during pregnancy and the subsequent development of 
T1DM. This result was inconsistent with Dahlquist et al.
[3] and Cardwell et al.[10] But in 2008, Rosenbauer et al.
[16] found that children whose mothers were older than 
40 years or younger than 20 years were more susceptible to 
developing T1DM. Although Stene et al.[17] did not detect 
significant association among first‑born children, they 
reported a significant relationship in fourth‑born children. 
It cannot be ignored that with increasing maternal age, 
the risk of complicated pregnancy and cesarean delivery 
increases,[18] and these risk factors can affect the incidence 
of T1DM. But the mothers who attended this study were 
relatively young and did not show a wide age range. 
Therefore, a selection bias may have occurred.

Furthermore, this study showed a positive association 
between nonexclusive breastfeeding and T1DM, which 
indicated an OR = 2.30 for formula‑fed infants and an 
OR = 2.35 for the children who were fed with a combination 
of breast milk and formula. Therefore, performing more 
studies assessing the probable higher risk of T1DM in 
combination‑fed children is recommended. These findings 
were consistent with Rosenbauer et al.,[19] who conducted 
a systematic review to investigate the association between 
the type of feeding, time of introduction of formula or 
cow’s milk, duration of breastfeeding, and the development 
of T1DM. Their results indicated that a short duration 
and/or a lack of breastfeeding may constitute a risk factor 
for the development of T1DM later in life,[20] which 
supported the current results. Another review performed by 
Pereira et al.[21] investigated the influence of breastfeeding 
as a protective agent against the onset of T1DM in 
children and concluded that the lack of breastfeeding was 
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a modifiable risk factor for T1DM. Bottle‑fed children had 
more rapid growth, so the overload hypothesis can support 
this result. The other probable underlying mechanisms 
included the protective agents in breast milk and the 
lack of exposure to foreign complex proteins that effect 
autoimmunity processes. All these together suggest that 
early exposure to complex foreign proteins available in the 
formula can be a risk factor for autoimmune destruction of 
β cells and the development of T1DM.

This study also found that the mean weight gain of 
mothers during pregnancy was higher in the case group 
than in the control group. For every kilogram increase 
in weight gain in mothers, the incidence of diabetes had 
increased 1.14 times in their children. In line with this 
result, Rasmussen et al.[22] reported in 2009 that both 
maternal body mass index (BMI) ≥30 kg/m2 and weight 
gain of ≥15 kg during pregnancy can increase the risk 
of islet autoimmunity in offspring, with a high genetic 
sus ceptibility for T1DM. In a cohort study, Hussen et al.[23] 
reported that higher maternal BMI in the first trimester was 
associated with increased risk of T1DM only in offspring 
of parents without diabetes. In 2018, Lindell et al.,[24] in a 
prospective, population‑based case‑control study, reported 
that maternal obesity was a significant risk factor for T1DM 
in the offspring (P = 0.04). Maternal obesity in pregnancy 
was associated with the risk of fetal hyperinsulinemia 
due to the transfer of glucose and other nutrients across 
the placenta, stimulating fetal insulin secretion and future 
diabetes.[23] Hyperinsulinemia and active pancreatic β cells 
are more susceptible to destruction and further T1DM.[24] 
Although its mechanism is not defined yet, it seems that it 
occurs due to immune system stimulation.

This study showed a strong association between gestational 
hypertension and T1DM. T1DM was 5.27 times more 
common among children whose mothers experienced 
gestational hypertension. There are few articles assessing the 
relationship between preeclampsia and childhood T1DM, 
including Dahlquist et al.,[3] who confirmed the association 
between preeclampsia and an increased risk of T1DM. On 
the contrary, Waernbaum et al.,[5] in 2019, could not confirm 
earlier findings of an association between preeclampsia, 
eclampsia, or maternal hypertension in the mother and 
T1DM in the child. The bioactive factors induced by 
placental ischemia due to the effect of pregnancy‑induced 
hypertension (PIH) might cross the placental barrier into 
the fetal circulation. It seems that maternal PIH could cause 
significant fetal immune system derangements. Lower CD4/
CD8 T‑cell ratios, a higher percentage of natural killer (NK) 
cells and alternative complement pathway activity, and 
monocyte activation in the umbilical cord blood were found 
in fetuses born to PIH mothers compared to those born 
to normotensive mothers. Fetal hypoxia due to placental 
ischemia could induce these immunological reactions.[25] 
So, early immunological disturbance of the child may be a 
trigger for the later development of T1DM.

In this study, T1DM was significantly more common 
among the children whose mothers had experienced UTI 
during pregnancy in comparison with the children whose 
mothers were without this condition. In 2018, Yue et al.[26] 
reported that maternal gestational infections (not only UTI) 
were associated with 32% increased odds of T1DM or 
islet autoimmunity in the offspring. Also, in another study, 
Waernbaum et al.[5] reported the association between later 
risk for T1DM and UTIs during pregnancy. A maternal 
infection could induce antibodies that could be transmitted 
to the fetus through the placenta. On the other hand, the 
fetal immune system could also drive the T cells to respond 
to infection. Pathogen‑specific T cells can be found in cord 
blood samples from children whose mothers had infections 
during pregnancy;[26] hence, it could be explained how 
maternal UTI could trigger initial destruction to fetal beta 
cells.

In animal models, prenatal exposure to antibiotics 
influenced gut bacterial composition in children and could 
increase the risk of T1DM in the offspring, depending 
on the type of antibiotic used.[5] Therefore, besides the 
infections, antibiotic therapy can be a trigger to initiate the 
diabetes process.

Results have demonstrated that the overall sex ratio for 
the incidence of T1DM is roughly equal in children and 
there is no meaningful association between sex and the 
risk of T1DM. In some previous studies, the incidence 
of T1DM was higher among girls,[2,27] and some studies 
showed a greater incidence among boys[28] or an average 
equal distribution between girls and boys. In 2018, 
Weng et al.[29] reported a difference in the incidence of 
T1DM in girls and boys, depending on their age categories. 
In 2020, Liao et al.[2] reported that girls had a greater risk 
of T1DM than boys. There is no substantial explanation 
for this inconsistency, but it seems that genetic variation 
could cause these different results. Sayad et al.,[30] in 2013, 
studied HLA‑DRB1 and ‑DQB1 genes, which have the 
strongest association with T1DM, and reported different 
distribution by sex in Iran.

Findings showed that the incidence rate of T1DM increased 
with birth weight; each kilogram increase in birth weight 
increased the incidence of diabetes 2.57 times. This 
finding was in line with most of the studies that assessed 
the relationship between birth weight and the risk of 
childhood T1DM.[3,5,10,13,31,32] Inconsistent with this result, 
Rosenbauer et al.[16] reported that low birth weight was 
more frequent among diabetic than control children. In 
2018, Goldacre et al.[32] reported that children born with 
a higher weight than the average birth weight experienced 
a higher incidence of T1DM than the children born with 
medium birth weight, while the children with a low birth 
weight (<2500 g) experienced lower incidence. Also, 
in 2019, Waernbaum et al.[5] reported that birth weight z 
score was positively associated with an increased risk for 
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T1DM. The association between high birth weight and 
high maternal BMI and T1DM supported the so‑called 
overload or acceleration hypothesis, suggesting that a 
high pre‑ or postnatal growth rate may accelerate ongoing 
β‑cell destruction by nutrient overload.[5] Thus, increased 
growth in utero may lead to an increased risk of later 
immune‑mediated destruction of the pancreatic β cells.
[13] Also, there is evidence of an association between 
established T1DM high‑risk HLA genotypes and higher 
birth weight in the general population.[31] In this study, 
PR  OM had occurred significantly higher in mothers whose 
children had T1DM. Results of this study are consistent 
with those of Waernbaum et al.[5] and Stene et al.,[33] which 
suggested that PROM led to complicated delivery, which 
predicted a higher risk of β‑cell autoimmunity. It seems 
that complicated labor can affect the fetal immune system, 
which results in medium to long‑term consequences like 
autoimmune diseases. Results showed that T1DM was more 
common in non–first‑born children in comparison with the 
first‑born ones. This finding was consistent with the results 
of Dahlquist’s[3] study which suggested being a first‑born 
child as a protective factor for T1DM. Inconsistent with 
this result, in 2015, Razavi et al.,[34] in a cross‑sectional, 
descriptive study, reported that most patients (42%) were 
first children of the family. In 2011, Cardwell et al.[10] found 
that in children with early diagnosed diabetes (<5 years of 
age), there was some evidence of a reduction in the risk 
of T1DM in non–first‑born children, but there was no 
association between birth order and childhood diabetes 
diagnosed between 5 and 15 years.[35]

There was no meaningful association between neonatal 
respiratory infections and T1DM. This result was in line 
with some studies including Ayati et al. in 2020.[12] Similar 
results were reported by Visalli et al.[36]

There was no significant association between neonatal 
infections and the risk of T1DM. Although Dahlquist et 
al.[3] reported neonatal respiratory distress as a risk factor 
and several studies found the role of neonatal diseases 
including respiratory distress and infections as a risk factor 
for T1DM, it seems that newer and more active treatments 
could have dim inished the possible effect of respiratory 
infections on the neonatal immune system.

Conclusions
Environmental agents, genetic factors, and autoimmunity 
have been shown to be effective in the pathogenesis of 
T1DM. The authors believe that prenatal and neonatal 
environmental factors could affect two other areas. 
Therefore, this study recommends further studies on 
larger populations and considering other factors to assess 
the interaction between perinatal and neonatal situations 
affecting T1DM. Prenatal and neonatal risk factors can have 
a significant role in the occurrence of TIDM. Therefore, 
considering these risk factors can have a preventive effect 
on T1DM. Based on the results, it can be concluded that 

identifying and avoiding exposure to risk factors, providing 
prenatal care, improving parents’ knowledge and awareness 
of predisposing factors, and performing specific training 
programs, and conducting optimal follow‑up to evaluate 
the effectiveness of interventions are simple and effective 
preventive strategies.
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