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Abstract
The identification of paediatric obesity predictors in the early stages of life is warranted, as it can influence the development of effective
strategies to prevent metabolic disorders. In this case–control study, we assessed nine risk factors for paediatric obesity, namely a birth
weight > 4000 g, an exclusive breast-feeding period < 4 months, the introduction of solid food at < 4 months, maternal overweight or
obesity before pregnancy, maternal smoking during pregnancy, the presence of gestational diabetes, paternal overweight and obesity
and paternal smoking. In order to identify the most relevant predictors of paediatric obesity, we employed a multiple logistic regression
model with R2 Cox Snell by adjusting confounders. In the randomly selected 509 preschool children from Tehran, children exposed to
gestational diabetes had the maximum predicted probability of obesity (4·36 (1·94, 9·80) %) among the analysed risk factors %. The intro-
duction of solid food at < 4 months of age increased the risk of obesity by 2·98 (1·77, 4·97 %). The OR of childhood obesity was associated
with maternal overweight and obesity (2·72(1·60–4·60) %), maternal smoking (2·21 (1·18, 4·11) %) and excessive gestational weight gain
(1·89 (1·23, 2·91) %). Paternal smoking and high birth weight increased the risk of paediatrics obesity > 1·8 times (1·15–2·94) and > 1·5
times (1·015–2·43), respectively. There was no association between the paternal BMI, the exclusive breast-feeding time and the risk of
paediatric obesity. Among early risk factors, probably gestational diabetes can be considered as the most important predictor for the risk
of paediatric obesity.
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Obesity is a growing global health issue requiring
more attention and action to combat and control it world-
wide(1,2). Recent research has shown that several risk factors
may play significant roles in the development of obesity,
starting from the early stages of life. If weight gain occurs
in the early stages of life, the number of years a person lives
with overweight and obesity will increase as well.
Subsequently, the development of obesity in the early stages

of life will lead to serious health consequences and a greater
burden of diseases(3). According to the WHO’s report, in
2019, about 38 million children aged < 5 years were suffering
from overweight and obesity, whereas in 2016 more than 380
million children and adolescents aged 5–18 years were over-
weight or obese(4). In middle-income countries, such as Iran,
the coexistence of malnutrition and an upward growth of
obesity and overweight have been observed. The prevalence
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of obesity and overweight in Iranian children has reported to
8 % and 9 %, respectively, in 2018(5). Obesity is associated
with a myriad of complications and comorbidities, i.e. insulin
resistance and other metabolic disorders, CVD, high risk of
bone fractures, etc., all of which influence the children’s
health status(6). Recent research has shown that governments
face excessive costs, either directly or indirectly, for the treat-
ment of obesity(7). For example, the cost of medication dur-
ing the life of a 10-year-old American child with obesity,
compared with a child with a normal weight, was about
$12 660–$19 630 in 2016(8).

Fortunately, the development of overweight and obesity
can be prevented(9). Researchers have recommended that
there are time spans during childhood when the prevention
of overweight and obesity seems to be efficient. Such ‘golden
times’ when the development of these disorders can be pre-
vented include the prenatal period, at 5–7 years of age and
at puberty. There is a great deal of evidence suggesting a
remarkable chance for preventing overweight and obesity
in the first 1000 d of life, i.e. from conception to 24 months
of age(10). Over the past two decades, researchers have tried
to assess the role of this critical period in children’s health
in order to identify the risk factors associated with the devel-
opment of childhood overweight and obesity(11,12). The modi-
fiable risk factors in the first 1000 d of a child’s life can be
divided into three groups: maternal, paternal and child-related
factors. The maternal BMI before pregnancy(13), the
gestational weight gain(13,14), the presence of gestational dia-
betes(15) and smoking during pregnancy(16) are risk factors
pertaining to the ‘maternal group’. The factors related to the
child include the birth weight, the period of exclusive
breast-feeding, the time of food introduction and the child’s
weight at 24 months(11). Recently, paternal risk factors, e.g.
BMI and parental smoking, have also been addressed; how-
ever, only a few studies have discussed them comprehen-
sively(11). It is noteworthy that these factors have been
evaluated individually in many studies, and to the best of
the authors’ knowledge, there are only two large studies in
which these risk factors have been investigated. In the first
study, based on the data from a cohort from Singapore, six fac-
tors related to the development of childhood overweight and
obesity, namely the paternal BMI, the presence of pre-gesta-
tional hyperglycaemia, the BMI during pregnancy, the dura-
tion of breast-feeding, the gestational weight gain and the
timing of solid food introduction in two-year-olds, were exam-
ined(17). In the second study, based on a cohort from the UK,
five risk factors, including low maternal serum vitamin D con-
centrations, smoking during pregnancy, excessive gestational
weight gain, breast-feeding < 1 month and pre-pregnancy
obesity were examined in children at ages 4 and 6(18).

Due to the prevalence of adulthood obesity and its related
complications, as well as its emergence as a global public
health issue, it is essential that children at risk be identified
in the early stages of overweight and obesity development
via screening measures. In order to identify measures to com-
bat these comorbidities, we sought to discover the most rel-
evant modifiable risk factors for overweight and obesity in
children during their first 1000 d of life.

Materials and method

Study population

This case–control study was conducted in Tehran, the capital
and the most populated city of Iran, from January 2019 to
February 2020. The participants of the study were preschool
children and their parents who were living in Tehran.
According to the educational system of Iran, children start
school at the age of 6. Using a simple random sampling tech-
nique, we randomly selected five regions out of the twenty-
two districts of Tehran, representing the population of the
northern, southern, western, eastern and central regions.
Afterwards, four schools, consisting of two all-girls schools
and two all-boys schools, were identified in each region.
Ultimately, a total of twenty schools were selected randomly.
The sample size of the study was calculated according to the
study of Bammann et al.(19), on the basis of the occurrence
or non-occurrence of obesity and overweight in children,
and given that the probability of obesity in children with birth
weight less than 4 kg was 49 % and above 4 kg was 64 %.
Considering the error of the first type 0·05 and the study’s
power of 90 %, about 245 obese and overweight children
(the case group) and 245 normal-weight children (the control
group) were included in the study. The ratio of case to control
was considered equal and matching was performed on the
basis of gender and selected schools. Twins or multiple twins,
children born prematurely or suffering from developmental
disorders, specifically failure to thrive, metabolic disorders or
cardiovascular diseases, were excluded. In order to achieve
the representing sample size, a total of twenty schools and
the mothers of 600 children were invited to participate in the
research, and 509 mothers accepted the invitation and referred
to the school on a scheduled day.

Study setting and ethical consideration

The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving patients were approved by the Regional Ethical
Committee for Medical research. Then, the objectives and meth-
odology of the study were explained to them and after accepting
to join the study, they signed thewritten informed consent forms.
All mothers accepted to participate in the study voluntarily, and a
response rate of 100 % was achieved. This study was approved
by the local ethics committee (approval number:
IR.IUMS.REC.1397·833).

Parental and child data in school

The parents of the children involved in the study were ques-
tioned according to a checklist regarding several demographic
data, i.e. age, level of education (< 12 years,12–16 years,> 16
years), parents’ occupation (unemployed, employed, worker,
self-employed), history of smoking during the pregnancy
(smoker, non-smoker), the father’s smoking status (smoker,
non-smoker), the marital status (married, without husband),
the child’s birth order and the family size (the persons living
together in one household). Moreover, using the existing health
cards of the children, we were able to retrieve their weight
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(in grams) and height (in meters) at birth. The maternal weight
and the height before pregnancy were obtained from the moth-
ers of the children enrolled in our study.

Anthropometric measurement

A trained nutritionist measured the height and weight of the chil-
dren at the school, using calibrated instruments. The height mea-
surement was performed by using a stadiometer while standing
in a fixed standard position, with an accuracy of 0·5 cm. The
weight measurement was carried out with light clothing, without
shoes and by using a Seca scale (model 762, made in Germany),
with an accuracy of 100 g. The BMI was calculated by dividing
the weight in kilograms by the squared-height in metres, which
was then compared with the age and sex growth reference chart
of the WHO to identify the BMI status.

Physical activity questionnaire for children and sleep
duration

The Children’s Physical Activity Questionnaire, whichwasmodi-
fied by Faqih Imani et al.(20), was used to obtain a general esti-
mate of the physical activity level. The questionswere asked by a
trained interviewer and were related to the physical activity of
the children during their leisure time, after school, after lunch,
in the evening and at weekends, in the past 7 d. The questions
also evaluated the practice of physical exercise causing heavy
sweating, increased respiratory function and heart rate, e.g.
climbing. In addition, the child’s total sleep time throughout
the day was assessed by self-reporting.

Parental and child data in healthcare centres

Iranian children’s information is routinely registered in the
Healthy Child Care Registration Form by healthcare centres.
Maternal information, including the type of delivery (caesarian
or vaginal), gestational diabetes (yes or no), maternal weight
at delivery, exclusive breast-feeding duration, time of solid food
introduction and weaning time, was extracted. Gestational dia-
betes was diagnosed in fasting women receiving 75 g of oral glu-
cose at 26–28 weeks of gestation based on the WHO criteria,
including FPG 7·0 mmol/l or 2-h glucose 11·1 mmol/l(21).
Exclusive breast-feeding was defined as infants who were only
breastfed (including milk expressed or from a wet nurse) and
had no restrictions on receiving ORS solutions, multivitamins,
minerals and medications. Weaning was defined as the process
of breast-feeding cessation. The total duration of breast-feeding
was evaluated. The gestational weight gain was obtained by cal-
culating the difference between the weight before delivery and
the weight before pregnancy(22). The BMI of the parents was cal-
culated by dividing their weight in kilograms to their squared
height in metres.

Risk factors

Nine independent risk factors, all of which are associated with a
higher risk of childhood obesity, were evaluated. We investi-
gated four risk factors related to the mother’s status of health,
namely the maternal BMI before pregnancy, the gestational

weight gain, the presence of gestational diabetes and smoking
during pregnancy and three risk factors related to the child,
including the birth weight, the duration of breast-feeding and
the time of solid food introduction. The paternal BMI and the
smoker/non-smoker status at the time of the birth of the infant
were also assessed. The following variables were investigated
as risk factors for paediatric obesity: maternal BMI before preg-
nancy and paternal BMI≥ 25 kg/m2, excessive maternal gesta-
tional weight gain, based on the Institute of Medicine 2009
guidelines, the presence of gestational diabetes, birth weight
>4000 g, introduction of solid food at an age< 4 months, exclu-
sive breast-feeding of< 4 months and maternal and paternal
smoking during the pregnancy.

Statistical analysis

The χ2 test was used for the statistical analysis of two-state var-
iables, and the t test was used for quantitative variables. The
logistic regression model was used to investigate the effect of
each factor on the risk of overweight and obesity. After control-
ling the confounding factors such as physical activity and sleep
rate, theORof overweight and obesitywas estimated in the logis-
tic regression model at a 95 % CI. We fitted the univariate regres-
sion model and defined the significant values at the 20 % level in
the multiple regression models. The modelling was based on a
step-by-step logistic regression, and the selection criterion was
the R2 Cox Snell. It should be noted that both overweight and
obese children were measured in a group relative to the control
group and were examined as obese children in this study. The
hypothesis of normality of variables was made by using
Shapiro–Wilk test and homogeneity of variance based on
Levene’s test. Multicollinearity among continuous independent
variables was performed. Also, receivers operating characteristic
curve, or ROC curve, was drawn to evaluate the sensitivity and
specificity for each of the quantitative variables (online
Supplementary Fig. 1–3).

Results

In this case–control study, 509 participants were included, 259
normal-weight and 250 obese preschool children. The character-
istics of the children and their parents are presented in Table 1.
There was a significant difference between the BMI of the off-
spring, based on the parental characteristics, including parental
age, level of education, job, parity, marital status, mode of deliv-
ery, height, maternal BMI pre-pregnancy (overweight or obese
mothers before pregnancy), excessive gestational weight gain,
the presence of gestational diabetes and smoking during preg-
nancy (P< 0·001). In addition, we extracted information regard-
ing the paternal smoker/non-smoker status and the weight and
height at the time of the birth of the offspring. Among the
included children, 51·1 % were girls and 48·9 % were boys.
Themean BMI of the obese children and the normal-weight chil-
dren was 20·82 (2·87) kg/m2 and 15·79 (0·88) kg/m2, respec-
tively. Obese children were taller and had a higher likelihood
of having higher birth weight, exclusive breast-feeding before
4 month of age (2·98 v. 3·42 months), shorter total breast-feeding
duration (12·8 v. 14·47 months) and introduction of solid food
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before 4 month of age (28 % v. 11·2 %) compared with their nor-
mal-weight counterparts. While there were no differences
between the two groups regarding sleep time and family size,
low levels of physical activity was observed in 51·2 % of children
with obesity and 30·1 % of children with normal weight. In addi-
tion, compared with fathers of normal weight children, fathers of
obese children had higher smoking rates (29·6 % v. 17·4 %).

As presented in Table 2, in children with obesity, the mater-
nal weight and BMI were significantly higher compared with
normal-weight children (P < 0·001). Moreover, 11·2 % of the
mothers of overweight children had gestational diabetes, while
only 3·9 % of the mothers of normal-weight children were diag-
nosed with the same disease. Our results show that 17·7 % of
the mothers with obese offspring and 2·2 % of the mothers with
normal-weight offspring smoked during pregnancy. It is note-
worthy that excessive gestational weight gain was more

frequent in the mothers of these children. The mothers of nor-
mal-weight children had an excessive gestational weight gain
of 37·7 %, whereas it was 69·5 % in the mothers of obese
children.

Table 3 shows the adjusted predicted possibility of over-
weight and obese children for each risk factor. Our results show
that children born from mothers with gestational diabetes and
starting eating solid food at an early age (< 4 months of age)
had increased odds of obesity and overweight, 4·36 (1·94, 9.
80) and 2·97 (1·77, 4·97), respectively.

The odds of obesity in the children whose mothers or fathers
smoked during pregnancy were 2·21 (1·17, 4·11 %) and 1·84
(1·15, 2·94 %) times, respectively, compared with children
whose mothers or fathers had no history of smoking. In the fam-
ilies in which mothers experienced an excessive gestational
weight, the risk of obesity was 1·89 times (1·23, 2·91) higher than

Table 1. Socio-demographic and clinical characteristics of the overweight/obese v. normal-weight children

Variables* Overweight/obese Normal weight P-value

Child Age, years 6·38 0·24 6·78 0·31 0·75
Gender Female 132 52·8% 128 49·4% 0·446

Male 118 47·2% 131 50·6%
Weight (6 years) 29·91 4·90 22·12 2·30 < 0·001
Height (6 years) 1·19 6·03 1·18 5·27 0·001
BMI, kg/m2 20·82 2·87 15·79 0·88 < 0·001
Birth height, cm 49·8 2·66 49·57 2·48 0·019
Birth city Tehran 198 79·2% 199 76·8% 0·519

Hometown 52 20·8% 60 23·2%
Birth order First 134 53·6% 135 52·1% 0·921

Others 116 46·6% 124 47·9%
Family size, n 3·84 0·83 3·79 0·73 0·541
Sleep time, h 9·6 1·38 9·73 1·40 0·467
Score of MET/h 2·38 0·58 2·61 0·46 < 0·001
MET-category Low 128 51·2% 78 30·1% < 0·0001

Medium 116 46·4% 178 68·7%
High 6 2·4% 3 1·2%

Mother7 Age < 30 5 20·4% 49 18·9% 0·703
31–45 193 77·2% 206 79·5%
> 46 6 2·4% 6 2·4%

Educational levels < 12 111 44·4% 118 45·6% 0·763
12–16 124 49·6% 122 47·1%
> 16 15 6% 19 7·3%

Job Housekeeping 217 86·8% 209 80·7% 0·116
Clerk 25 10% 42 16·2%
Worker 8 3·2% 8 3·1%

Weight before pregnancy, kg 64·7 9·71 55·55 7·65 < 0·001
Mode of delivery caesarean 181 72·4% 205 79·2% 0·075

Vaginal 69 27·6% 54 20·8%
Parity Primiparous 134 53·6% 135 52·1% 0·403

Multiparous 116 46·6% 124 47·9%
Marital status Living with husbands 227 90·8% 236 91·1% 0·9

Widow 23 9·2% 25 9·2%
Father Age < 30 9 3·6% 7 2·8% 0·464

30–40 157 62·8% 160 61·8%
41–50 74 29·6% 87 33·65
> 50 10 4·5 5 1·9%

Educational level < 12 110 44% 118 46·6% 0·958
12–16 96 38·4% 100 38·6%
> 16 44 17·6% 41 15·8%

Job Unemployed 9 3·6% 7 2·7% 0·637
Self-employment 115 46% 122 47·1%
Clerk 116 46·4% 114 44%
Worker 10 4% 16 6·2%

Weight, kg 76·9 1·40 67·27 1·21 < 0·001

* Qualitative variables are reported as numbers and percentages, and quantitative variables are reported as mean and SD.
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otherwise. Furthermore, the risk of obesity in children whose
mothers had a high BMI before pregnancy was 2·72 times higher
(1·60, 4·60 %) than their counterparts.

Discussion

Our results showed that gestational diabetes, a high maternal
BMI before pregnancy, a high gestational weight gain, maternal
smoking during pregnancy, paternal smoking, a high birth
weight and an early start of solid food increased the odds of
developing obesity in preschool children. However, a high
paternal BMI and a short exclusive breast-feeding time had no
effect on obesity in the aforementioned subjects. Moreover,
the most important predictor in the first 1000 d of life for the risk
of obesity was the presence of gestational diabetes. The children
whose mothers had gestational diabetes had an increased risk of
obesity compared with those whose mothers were healthy.

We found that all maternal-related factors had a significant
effect on the child’s risk of developing obesity. To the best of
our knowledge, no studies have so far identified the most impor-
tant predictors of obesity in the 1000 d of life in preschool children
in the past 10 years. In fact, the age of 5–7 years, also called the

period of adipose rebound, is the period in which the child’s
weight can impact the weight of the individual during adulthood.
Recently, in line with our study, several studies conducted in dif-
ferent age groups, e.g. an UK cohort(23), an USA cohort(24) and a
Singapore cohort(25), have examined several predictors of child-
hood obesity. Ziauddeen et al.(23), based on the data from a large
UK cohort, discovered that the maternal pre-pregnancy BMI, the
presence of gestational diabetes mellitus and maternal smoking
were predictors of obesity in children aged 4–5 years old,whereas
the period of breast-feeding and the birth weight did not affect the
risk of obesity during childhood.However, theydid not report any
data regarding the impact of gestational weight gain, the time of
solid food introduction, the period of exclusive breast-feeding, the
paternal BMI or the paternal smoking on the risk of childhood
obesity. In addition to the aforementioned studies, the
Southampton Women’s Survey in 2015, conducted by Robinson
et al.(18), reported that the presence of maternal pre-pregnancy
obesity, an excessive gestational weight gain, the smoking status,
lowmaternal vitamin D levels and breast-feeding for less than one
month were the predictors of childhood obesity. The findings of
their study suggest that the gradual addition of risk factors results
in an increased risk of obesity in children aged 4–6 years. Another
study conducted in Singapore by Aris et al.(25) showed that the
maternal BMI before pregnancy, the gestational weight gain,
breast-feeding for less than 4 months, the early introduction of
solid food, fasting glucose levels during pregnancy and the pater-
nal weight when the child is two years old were related to the
development of obesity in four-year-old children. However,
although they concluded that the risk of childhood obesity could
be increased by any of those factors, parental smoking was not
taken into consideration in their models. In a USA cohort study,
Gillman et al.(24) illustrated that there was a significant positive
relationship between an excessive gestational weight gain, mater-
nal smoking, breast-feeding for 12months and childhood obesity.
Although they reported that short sleep duration during infancy
was related to the development of obesity in children aged 7 to
10 years, they did not assess other modifiable risk factors such

Table 2. Risk factors for paediatric overweight and obesity in the study participants

Overweight/obese Normal weight P-value

Child Birth weight, g 3810 0·083 3290 0·051 < 0·001
Birth weight> 4000 g 92 36·8% 59 22·85 0·001
Exclusive breast-feeding, months 2·98 1·65 3·42 2·05 0·009
Exclusive breast-feeding < 4 months of age 137 54·8% 110 42·5% 0·005
Total breast-feeding, months 12·8 4·03 14·47 4·47 < 0·001
Start solid food, months 5·21 0·99 5·70 0·83 < 0·001
Starting solid food< 4 months of age 70 28% 29 11·2% < 0·001
BMI before pregnancy, kg/m2 24·02 3·92 20·84 3·34 < 0·001

Mother BMI before pregnancy category Low 10 %4 65 25·1% < 0·001
Normal 162 64·8% 164 63·3%
Overweight/obese 78 41·2% 30 11·6%

High BMI before pregnancy 78 41·2% 30 11·6% < 0·001
Gestational weight gain, kg 15·10 3·32 15·30 2·28 0·289
Excessive gestational weight gain 120 48% 77 29·7% < 0·001
Gestational diabetes (yes) 77 29·7% 10 3·9% 0·002
Smoker 43 17·2% 20 7·7% 0·001

Father BMI at Low 3 1·2% 25 9·7% < 0·001
Normal 183 73·2% 196 75·7%
Overweight/obese 78 25·6% 40 14·7%

Smoker 74 29·6% 45 17·4% 0·001

Table 3. Estimated multivariate regression coefficients and odds ratio
(95% CI) of the associations between the investigated risk factors and
the risk of paediatric overweight or obesity
(Odds ratio and 95 % confidence intervals)

Variable OR 95% CI P-value

Birth weight> 4000 g 1·57 1·015, 2·43 0·04
Maternal smoking 2·21 1·18, 4·11 0·002
High maternal BMI 2·72 1·6, 4·6 0·0001
High gestational weight gain 1·89 1·23, 2·9 0·004
Gestational diabetes 4·34 1·94, 9·80 0·0001
Paternal smoking 1·84 1·15, 2·94 0·001
Starting solid food< 4 months of age 2·97 1·77, 4·97 0·0001

The criteria of multiple regressions logistic with Cox Snell.
Odds ratio was adjusted by MET-category.
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as the birth weight, early introduction of solid food, parental BMI,
presence of gestational diabetes or paternal smoking. In a another
cohort study, Eales et al.(26) showed that birth weight was a pre-
dictor of BMI in 35-year-old adults. Moreover, they examined the
relationship between the human capital of neighbourhood,
psychosocial skills and the contexts of family/school, demonstrat-
ing that higher school quality, the parents’ involvement and the
human capital of neighbourhood were related to a lower risk
of obesity at the age of 35. Predicting obesity requires a life-course
approach, including the evaluation of parental and childhood var-
iables that have not been fully addressedby researchers yet. In our
research, we analysed factors such as the parental BMI, the pres-
ence of gestational diabetes mellitus and information regarding
the duration of breast-feeding.

It is worthy of consideration that the risk factors investigated in
our study are potentially modifiable by behavioural changes that
canprevent the occurrenceof highmaternal bloodglucose concen-
trations, the development of gestational diabetes ormacrosomia, as
well as an excessive gestational weight gain. Interventional studies
are warranted to elucidate the most important risk factors for child-
hood obesity in different communities in order to prevent its devel-
opment via effective and timely measures. In terms of risk factors
for obesity, the results of our study showed that the presenceof ges-
tational diabetes was associated with the highest odds of obesity in
preschool children. In line with our findings, Zhao(27), Dabelea(28),
Josey(29) and Babu et al.(30) also demonstrated that gestational dia-
betes is an important risk factor for the development of childhood
obesity. There is evidence that pregnancy, similar to obesity, dis-
rupts the normal circulation of fat in the blood and leads to insulin
resistance. Therefore, maternal insulin resistance and hyperglycae-
mia with subsequent fetal hyperinsulinaemia lead to overgrowth
and fat gain(31). It is noteworthy that the severity of this effect varies,
depending on thematernal weight status. Pregnant overweight and
obese women with gestational diabetes are more susceptible to
insulin resistance than a mother with normal weight who also suf-
fers from gestational diabetes(32). Therefore, there is a high likeli-
hood that a child born to an obese mother with gestational
diabetes will also develop obesity. Similar to the findings of our
study, in a cross-sectional study, Jiménez-Cruz et al.(33) have
remarked that a highermaternal BMI increases the risk of becoming
overweight or obesity in 10-year-old Mexican children. We suggest
that the maternal weight status before pregnancy and the preg-
nancy weight gain be assessed subsequently due to their impact
on the risk of developing childhood obesity in the offspring. It
has been reported that the genetic predisposition of the mother,
the presence of low-grade inflammation and the nutritional status
are all determinants of maternal pre-pregnancy weight(34–36).
Similar to our results, Olson et al. discovered that an excessive ges-
tational weight gain in mothers with a higher BMI comparedwith a
normal BMI could increase the risk of developing overweight and
obesity at the age of 3 in a significant manner. In addition, Oken
et al.(37), based on data derived from the Nurses’ Health Study II,
demonstrated that a higher maternal gestational weight gain
increased the risk of overweight and obesity during adolescence.
Although no clear mechanism has been depicted to explain this
finding, various studies have suggested that intrauterine program-
mingmight be responsible for the riskof overweight andobesity(38).
Thus, we may assume that the overfeeding of the fetus caused by

the access of the fetus tomore nutrients is influencedby the adipose
tissue, resulting in adisruptionof the control of the appetite, thereby
increasing the susceptibility to paediatric obesity via disruptions in
the metabolism of energy(39,40).

Our findings also support the father’s role in the weight status
of the offspring. The relationship between the paternal over-
weight and obesity and the development of paediatric obesity
was significant in the univariate regression analysis. However,
in the stepwise logistic regression, due to multiple linear correla-
tions with the high weight at birth and its prominent impact, the
paternal BMI was excluded from the model. Nevertheless, this
does not imply that the paternal BMI does not influence theweight
status of the offspring. Moreover, according to our results, the
father has a specific role in determining the child’s BMI at the
age of six. In a longitudinal study, Freeman et al.(41) showed that
the children whose fathers were overweight or obese were more
likely to be obese by the age of four which has also been con-
firmed by our data. In another study, Chen et al. (2012) showed
that the paternal BMI is significantly correlated with the birth
weight in themale but not in the female offspring(42). It seems that
the higher paternal BMI affects the progeny in a gender-depen-
dent manner possibly because sex hormones lead to differences
in the organ growth. The rather complex effect of the presence of
paternal obesity on the child’s risk of becoming obese has been
evaluated in a limited number of studies(43). Factors such as the
paternal genetics, parenting style, paternal knowledge, feeding
style of the offspring, physical activity, patriarchal pressures and
social status are all determinant factors of childhood obesity of
paternal origin(44–46). One of the risk factors affecting the weight
gain and the risk of paediatric obesity is the high birth weight.
Sparano et al.(47) conducted a prospective study and reported that
children with macrosomia had a higher weight, height, BMI, sum
of skinfold thickness andwaist circumference comparedwith chil-
dren with an adequate weight for gestational age at the age of 6.
Based on the data from a cohort study from Western China, Pan
et al.(48) demonstrated that macrosomia can increase the risk of
developing obesity in three-year-olds. Although the weight-for-
height indexwas related to the presence ofmacrosomia, the same
results did not apply to the BMI for age. This finding is also sup-
ported by our results(49), and we may assume that the weight at
birth is affected by the maternal weight before pregnancy, the
maternal weight gain during pregnancy and the presence of gesta-
tional diabetes, all of which can effectively increase the risk of
overweight and obesity. Although the mechanism is not clear, it
seems that factors such as epigenetic changes(50), insulin resis-
tance(51) and fetal hyperleptinaemia(52) lead to the birth of a mac-
rosomic infant. Another risk factor for childhood obesity is
parental smoking. In line with our study, Mamun et al.(53) and
Chen et al.(42) demonstrated that maternal smoking during preg-
nancy increased the risk of obesity in the offspring. Scientists have
reported that nicotine can reduce the appetite or result in starva-
tion, leading to cognitive dysfunction, thereby causing a fetus-
induced abnormal cell proliferation and differentiation, and ulti-
mately altering the total energy expenditure(54). It was also sug-
gested that nicotine can induce the shrinkage of the amygdala
and influence children to select diets with a higher fat content(55).

Given that most obese adults have gained weight during
adulthood, individuals with a family history of obesity should
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be evaluated from an early age to prevent the development of
obesity and its related complications. Recent studies have sug-
gested that the effect of paternal smoking on the risk of child-
hood obesity, independent of maternal smoking, could be
explained by the fact that nicotine, due to its effect on the epi-
genome, i.e. dose-dependent effects on DNA methylation
changes, can induce obesity in children. This effect will persist
even after the cessation of smoking(44).

The results of our analysis, based on univariate regression,
showed that although exclusive breast-feeding increased the risk
of childhood obesity, this variable was excluded from the final
model due to its correlation with high birth weight. Some pre-
vious studies have reported that exclusive breast-feeding could
protect infants against future risks of overweight and obesity. For
example, on the basis of the data from a large cohort study, Moss
et al.(56) found that breast-feeding and delaying solid food for
four months could decrease the likelihood of obesity in four-
year-old children. Similarly, Zhao et al.(27) showed that
Chinese children who were breastfed exclusively for three
months, and were born to mothers with gestational diabetes,
were protected from becoming overweight. In agreement with
our results, the cross-sectional study of Vafa et al.(57), conducted
in Iran, reported that therewas no link between exclusive breast-
feeding or the- total breast-feeding duration and the childhood
BMI. Schack-Nielsen et al. illustrated that a longer breast-feeding
duration was not associated with paediatric obesity, whereas a
delay in the introduction of complementary feeding, e.g. after
6 months, could protect against paediatric obesity(32). Another
cross-sectional study, conducted by Burdette et al.(58), con-
cluded that breast-feeding and complementary feeding were
not related to adiposity levels in 5-year-old children. Some of
the discrepancies across various studies might be explained
by environmental or genetic factors, as well as sample
sizes(44). It is worth mentioning that the majority of studies that
have depicted a protective effect of exclusive breast-feeding
on the weight of the infant have been performed in communities
with a long history of development. In other words, in a socially
patterned population, confounders can lead to different out-
comes in diverse populations.

According to previous studies, a short-term sleep duration in
children can be an important environmental confounder in the
development of paediatric obesity. It has been reported that sleep
disorders can lead to an impaired energy metabolism(59,60). In a
recent study, it was shown that the relationship between sleep
duration and the risk of childhood obesity is U-shaped. In other
words, short or excessive sleep durations result in an increased
risk of childhood obesity(60). However, due to the importance
of this factor that was dismissed in previous studies, we examined
this variable in addition to physical activity as a confounder.
Unexpectedly, it did not appear to have a significant effect on
the risk factors included in the stepwise model.

There are several limitations that should be considered in this
study. First, our study could not explain the cause and effect rela-
tionship due to the observational approach. Second, nutritional
assessment questionnaires such as the FFQ were not employed.
Third, we did not collect data about the paediatric weight at the
age of 2 which is a determinant of the weight gain of the child at
the age of 6. Fourth, the paternal information was self-reported,

and recall biases might have distorted our findings. Finally, we
included both obese and overweight children in one group that
might have affected the interpretation of the results.

There are several strengths associated with our study. To the
best of our knowledge, this is the first case–control study aiming
to predict the main predictors of paediatric obesity in preschool
children in the Asian population via an assessment of factors that
originate in the first 1000 d of life. We examined some confound-
ers, including physical activity and the sleep time. Moreover, our
prediction was made by using a stepwise modelling strategy and
multiple logistic regressions.

Finally, we recommend that healthcare officials be given the
opportunity to identify the children at risk for overweight and
obesity via screening initiatives in the early stages of life.
During this critical period (the first 1000 d of life), it is possible
to perform practical and special interventions in the mother–
father–child triumvirate and considerably reduce the burden
of obesity and its related complications and comorbidities.

Conclusion

Paediatric obesity remains a public health challenge, and the
evaluation of the relevant predictors in the early days of child-
hood is warranted. The findings of the current study show that
gestational diabetes is a critical factor in the development of
paediatric obesity in preschool children. Risk factors such as
starting solid foods before 4 months of age, excessive weight
gain during pregnancy, obesity and overweight of the mother
before pregnancy, smoking by the mother and the father are
important risk factors for obesity and overweight in children at
6 years of age.
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