
Introduction
The incidence of diabetes in pregnancy during 1989-
2002 increased by up to 40% (1). Great attention has been 
paid to events leading to diabetes, including the uterine 
microenvironment so that researchers believe that early 
life events have been controlled in this regard. For example, 
fetal exposure to maternal hyperglycemia in the womb 
results in fetal hyperinsulinemia, causing an increase in 
fetal fat cells, and finally, obesity and insulin resistance in 
childhood (2). Eventually, this situation leads to impaired 
glucose tolerance and diabetes in adulthood (3).

Obesity is one of the most serious health problems in 
many countries of the world which enhances the incidence 
of cardiovascular diseases (4,5). Childhood obesity creates 
many complications both during childhood and adulthood 
(6). The prevalence of obesity in children has increased 
dramatically. The available information for years 2004-
2006 represents that among persons aged 2-19 years in the 
United States, 16.3% were obese having a body mass index 
(BMI) equal to or above the 95th percentile (7).

Various studies have been conducted on the risk factors 

associated with obesity in children and adolescents and 
the findings revealed the most important role of fetal 
life and the early years of life in children and adolescents 
obesity (8). The birth weight and birth order in addition 
to factors such as the duration of breastfeeding and 
complementary feeding age were associated with obesity 
in many studies (9,10). BMI in the first trimester of 
pregnancy is associated with birth weight and the lowest 
birth rate of the macrosomic infant has been observed in 
females with a BMI lower than normal (11).

Some studies have shown the relationship between 
overweight and obesity in children born from mothers 
with gestational diabetes (12-14). A review article by 
Kim et al demonstrated a positive association between 
maternal gestational diabetes and children’s overweight 
and obesity (15). The available evidence indicates the 
increase in the incidence of cardiovascular disease and 
metabolic syndrome in children born to mothers with 
gestational diabetes. However, regional differences, the 
lack of routine screening, and the treatment of gestational 
diabetes worldwide, and the long-term follow-up of 
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children are among the challenges in assessing the risk of 
the occurrence of gestational diabetes complications and 
pregnancy-related anomalies in children of mothers with 
gestational diabetes (16).

Given that there is no information on the rate of obesity 
in 3-year-old children born to mothers with gestational 
diabetes in the northern regions of Iran, this study 
aimed to determine the relationship between mother’s 
gestational diabetes and the BMI of 3-year-old children in 
Babol in the north of Iran.

Materials and Methods
The current descriptive-analytical and historical cohort 
study was carried out on healthy pregnant women or 
pregnant women with gestational diabetes who were 
referred to the Maternity Ward of Ayatollah Rouhani 
and Yahyanejad hospital of Babol University of Medical 
Sciences in Iran during 2014-2015 for delivery of their 
children. The sample size according to the formula was 
considered 100 women with gestational diabetes and 200 
healthy women. The inclusion criteria included singleton 
pregnancy, the lack of congenital anomalies and gestational 
age of 36-40 weeks, and exclusive breastfeeding for at least 
6 months. On the other hand, the exclusion criteria were 
mothers with chronic high blood pressure, cardiovascular 
and renal disease, as well as children with chronic diseases, 
fever and infectious disease during the past two weeks, a 
history of repeated hospitalizations in infancy to three 
years, and those who have used from complementary 
milk at the first year of life with the condition that they 
are only fed with complementary milk. An accessible and 
easy sampling method was used for data collection. Using 
a tailor-made checklist, the data were extracted from the 
patients’ files. This form consisted of three information 
parts about the mother, the father, and the child. The 
information related to the mother included the previous 
pregnancy related-information such as the number of 
previous pregnancies, parity, number of children and 
abortions, and the information related to anthropometric 
indices such as height and weight at the beginning and end 
of pregnancy and the calculation of BMI based on these 
indices. The history of the mother’s chronic diseases, and 
in the case of being diabetic, its type, time, and treatment 
were recorded as well. The information related to the time 
of infection by the trimester when the mother was infected 
with it, the types of treatment, and the mother’s method 
of delivery were also recorded in the file of mothers with 
gestational diabetes. The information related to the child, 

including gender, age, the rank of the child, weight and 
height at birth, the duration of breast-feeding, use or non-
use of complementary milk in the first year of the child’s 
life, the onset age of complementary feeding and the 
history of chronic disease were recorded in the checklist 
form. Then the parents of both groups were invited to 
refer to the pediatric clinic of Ayatollah Rouhani Hospital 
through a phone call for weighing children at three years 
of age.

In the pediatric clinic, they were reminded that their 
participation in this research was voluntary, and after 
obtaining the consent of the family, the three-year-old 
child’s height and weight were evaluated in the clinics. 
When weighing, the children were wearing a layer of 
lightweight clothing. Digital scales (Seca, Vogel, and 
Halke, Hamburg, Germany) and (Seca, Vogel, and 
Halke) were used to measure their weights and the height 
gauge, respectively. Information related to the father was 
completed, including height, weight, BMI and, its type, 
and the method of control in the case of being diabetic, as 
well as having a history of diabetes in the family. Mothers 
were asked about their levels of education including items 
such as diploma, undergraduate, graduate, and Master of 
Science. Moreover, the socio-economic level of mothers 
was divided into non-affluent and affluent categories. 

Data Analysis 
Information was collected and entered into the SPSS-
18 software after encoding. Qualitative and quantitative 
data were expressed as the frequency and percentage, as 
well as the mean and standard deviation. Additionally, 
the Pearson correlation coefficient was used to survey 
the relationship between quantitative variables and the 
BMI of the child at the age of three years old. Further, 
the Spearman correlation coefficient was applied to study 
the relationship between qualitative variables and BMI. 
Finally, the chi-square test and independent sample t-test 
were utilized to compare the children of diabetic and non-
diabetic mothers. A P < 0.05 was considered statistically 
significant.

Results
In general, 100 diabetic mothers and 200 non-diabetic 
mothers participated in this study although 39 women 
were excluded from the study based on the exclusion 
criteria. Eighty-four of the women were diabetic while 177 
of them were non-diabetic. The mean age of participants 
and their mean gestational age were 23.73 ± 3.04 (18-32 
years) and 37.93 ± 1.08 (36-40 weeks), respectively. The 
mean age of mothers in the diabetic and non-diabetic 
groups was 24.02 ± 2.99 years and 23.59 ± 3.04 years, 
respectively. Table 1 provides the demographic data 
of mothers participating in this study considering the 
separation of diabetic and non-diabetic groups. The mean 
age of children in the diabetic and non-diabetic groups was 
36.64 ± 1.11 months and 36.08 ± 0.78 months, respectively. 

►► The children of mothers with gestational diabetes have a 

higher BMI.

►► The boys of mothers with gestational diabetes have a 

higher BMI while not being significant for the girls.

Key Messages
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The birth weight of infants in the diabetic and non-diabetic 
groups was 3605.47 ± 316.37 g and 3250.19 ± 359.65 g, 
respectively. The birth height of infants in the diabetic and 
non-diabetic groups was 50.70 ± 1.86 cm and 51.20 ± 2.88 
cm, respectively. The age of the onset of complementary 
feeding in the diabetic and non-diabetic groups was 
5.92±0.53 months and 5.94 ± 0.36 months, respectively. 
The BMI of the three-year-old children in the diabetic 
group was significantly higher than the children’s BMI in 
the non-diabetic group (P = 0.04). The BMI in the three-
year-old children of the diabetic group was significantly 
more than that of the control group (P = 0.03). Table 2 
presents the comparison of the weight, height, and BMI of 
three-year-old children in both diabetic and non-diabetic 
groups. Based on the results, there was no significant 

correlation between the BMI of infants in the age of three 
years with the BMI of fathers (P = 0.47, r = 0.079) and the 
age of mothers (P = 0.64, r = 0.051) in the diabetic group. 
Furthermore, the three-year-old children’s BMI in the 
non-diabetic group had no significant correlation with the 
BMI of fathers (P = 0.21, r = 0.094) and the age of mothers 
(P = 0.93, r = 0.036).

The three-year-old children were divided into 3 
subgroups of less than normal weight (less than or equal to 
a percentile of 5), normal weight (between the percentile 
of 5 and 85), and overweight (greater than the percentile 
of 85) according to the BMI percentile. Table 3 provides 
a comparison of the BMI of the three-year-old children 
participating in the study with the separation of diabetic 
and non-diabetic mothers. Table 4 presents the correlation 

Table 1. Qualitative Variables of Diabetic and Non-diabetic Participants

Variables
Frequency of Diabetic 

Participants (%)
Frequency of Non-diabetic Participants 

(%)

Gravidity

1 43 (51.2)  110 )62.1( 

2 36 (42.9)  51 )28.8( 

3 5 )6(  13 )7.3( 

4 0 (0) 3 )1.7(  

Parity

0 46 )54.8( 116 )65.5( 

1 36 )42.9(  51 )28.8( 

2 2 )2.4(  10 )5.6( 

Live birth

0 50 )59.5(  117 )66.1( 

1 32 )38.1(  50 )28.2( 

2 2 )2.4(  10 )5.6( 

Abortion

0 78 )92.9(  164 )92.7( 

1 6 )7.1(  11 )6.2( 

2 0 (0) 2 )1.1( 

Educational level

Undergraduate 19 )22.6( 35 )19.8( 

Graduate 49 )58.3(  93 )52.5( 

Diploma 10 )11.9( 44 )24.9( 

Master of science 6 )7.1( 5 )2.8(

Socioeconomic status (income)
Non affluent 24 )28.6( 21 )11.9( 

Affluent 60 )71.4(  156 )88.1( 

Chronic illness
Yes 7 )8.3( 13 )7.3( 

No 77 )91.7( 164 (92.7)  

Deliveries
Normal vaginal deliveries 29 (34.5)  74 )41.8( 

Caesarean sections 55 )65.5(  103 (58.2)  

Gestational age (wk) Mean ± SD 37.61 ± 0.95 38.08 ± 1.11

BMI prior to pregnancy (kg/m2) Mean ± SD 25.72 ± 3.33 24.12 ± 3.20

Note. BMI: Body mass index; SD: Standard deviation.

Table 2. Comparison of the Quantitative Variables of the Three-year-old Siblings of Diabetic and Non-diabetic Mothers

Variables Diabetic Participants Non-diabetic Participants (Mean ± SD) P Value

Body weight (kg) 14.36 ± 1.15 14.07 ± 1.17 0.06

Height (cm) 93.45 ± 2.57 93.54 ± 2.67 0.7

BMI (kg/m2) 16.47 ± 1.42 16.09 ± 1.37 0.04

Male child’s BMI (kg/m2) 16.55 ± 1.40 16.01 ± 1.42 0.03

Female child’s BMI (kg/m2) 16.36 ± 1.47 16.19 ± 1.31 0.53

Note. BMI: Body mass index; SD: Standard deviation.
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coefficient of the BMI of mothers before pregnancy with 
the BMI of the three-year-old children in general and 
given the separation of diabetic and non-diabetic groups.

Discussion
The current research was designed and conducted aiming 
at investigating the relationship between gestational 
diabetes and the BMI of three-year-old children. The 
results of this study showed that the average of the BMI 
in these children in the diabetes group was significantly 
higher than the BMI of children in the non-diabetic 
group although these findings were significant for boys 
after gender segregation but not significant for the girls. 
Based on the results, there was no significant relationship 
between the gestational diabetes of mothers and children’s 
BMI in this age group.

The study of Wright et al in America demonstrated that 
there was no significant difference between children’s BMI 
in the three groups of non-diabetic mothers, women with 
impaired glucose tolerance, and those with gestational 
diabetes (17), which contradicts the results of our study. 
In other words, the mean age of mothers in the American 
study was extremely higher than that of our study.

Although our findings are in line with those of the 
study of Zhang et al, they reported that the children of 
diabetic mothers had higher average height compared to 
the non-diabetic group. In addition, other studies (18-20) 
indicated that children born to mothers with gestational 
diabetes have a weight and height above the normal 
mothers, which is inconsistent with the findings of our 
study. In our study, the children’s height of non-diabetic 
mothers was higher than the children’s height of diabetic 
mothers although this difference was not significant. The 

Table 3. Comparison of BMI of 3 Years Old Siblings of Diabetics and Non-
diabetic Participants

Subgroup Group Number Mean ± SD P Value

Subnormal weight Diabetic 7 13.91 ± 0.30 0.82

Non-diabetic 23 13.87 ± 0.51

Normal weight Diabetic 71 16.49 ± 1.06 0.08

Non-diabetic 144 16.24 ± 0.93

Overweight Diabetic 6 19.12 ± 0.57 0.66

Non-diabetic 10 19.01 ± 0.39

Note. BMI: Body mass index; SD: Standard deviation.

Table 4. Correlation Between the BMI of Diabetic and Non-diabetic Mothers 
Prior to Pregnancy and Their 3-Year-Old Siblings

Subgroup Diabetics Total Number Non-diabetics

Subnormal weight r = 0.2470
P = 0.18

r = 0.721
P = 0.06

r = 0.182
P = 0.40

Normal weight r = 0.153
P = 0.02

r = 0.105
P = 0.38

r = 0.144
P = 0.08

Overweight r = -0.113
P = 0.67

r = -0.007
P = 0.99

r = 0.219
P = 0.54

Note. BMI: Body mass index; SD: Standard deviation.

difference in the race of participants in the study could be 
one of the causes of the differences in the above results 
(21).

Based on the results of the study of Baptiste-Roberts et 
al in America on diabetic and non-diabetic women, there 
was no significant difference between the BMI of two 
diabetic and non-diabetic groups, which contradicts the 
results of our study. One reason for the difference in the 
above results is related to the long interval between birth 
and the age of three years old and different environmental 
factors including diet affect the development of children 
(22). However, some studies showed that women with 
gestational diabetes mellitus are at an elevated risk of 
developing type 2 diabetes mellitus in the years after 
childbirth and having overweight children (23-25).

In our study, the birth weight of neonates had a 
significant correlation with the BMI of the three-year-
old children weighing less than normal, which is similar 
to the results of Tanaka et al in Japan and Binkin et al 
in the United States (26,27). Obesity and weight both 
largely depend on genetic factors but other causes such 
as the abnormal mechanisms of lipid metabolism, as well 
as the amount of nutrition and energy expenditure may 
have an important role as well (28,29). According to the 
findings of this study, many factors affect the BMI of 
diabetic mothers’ children at the age of three, therefore, 
more research is needed to investigate the relationship 
between gestational diabetes and BMI in childhood and 
to remove confounding factors. In conclusion, the results 
revealed the average BMI in the three-year-old children 
of the diabetic group was significantly higher than that 
of the children of the non-diabetic group. After gender 
segregation, the BMI in the three-year-old children of 
the diabetic group was significantly higher than that of 
the children of the non-diabetic group, but there was no 
significant correlation between the gestational diabetes of 
mothers with BMI in the three-year-old children. Finally, 
there was no significant relationship between birth weight 
and BMI at age three. 
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