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Low birthweight (LBW) has been defined as weight of less than
2500grams in a given time period by the World Health Organization
(WHO). LBW is closely related to fetal and neonatal mortality and
morbidity, growth retardation and cognitive developmental disorders,
and greater risk of chronic diseases later in life. More than 20million
low birth weight infants are born each year in the world, 95.6 percent
of them are concentrated in two regions of the developing world: Asia
and Africa. Half of all LBW infants are born in South-central Asia.1
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In 1986, Barker and collegues2,3 were the first who published the
concept that an adverse intrauterine environment contributed to the
onset of the diseases later in life. They reported a correlation between
low birth weight and a greater risk of coronary heart disease in later
life. Severe inrauterine growth retardation (IUGR) contributes to
reduced endocrine pancreatic tissue and dysfunction of β–cells4,5
which might restrict the function of β -cells in future and lead to
the increased incidence of non-insulin-dependent diabetes mellitus.
Furthermore, several studies have been reported the outcomes of IUGR
and LBW such as hypertension,6 increasing rate of cardiovascular
mortality, insulin resistance, impaired glucose tolerance and type 2
diabetes mellitus.7 Also, by increasing birth weight, this trend reduced
progressively.8 Moreover, an association was found between low birth
weight and the presence of metabolic syndrome.9
It is shown that the higher incidences of disease following a
U-shaped curve, including both those born small and those born
large.10 Several factors involved in the duration of gestation and fetal
growth, and thus, the birth weight. These factors are related to the
infant, the mother, or the physical environment and have a major role
in prediction of the birth weight and the future health of the newborn.
LBW mainly results from poor maternal nutrition before and during
pregnancy. Insufficient maternal weight gain is the most important
cause of fetal growth retardation.1 In addition, a heavy physical
activity level during pregnancy may also associated with lower birth
weights and pregnancy weight gain.10
The term Developmental Origins of Adult Health and Diseases
(DOHaD) is focused on the relationship between fetal and postnatal
growth, and adult metabolic diseases.11 Studies worldwide have
shown a consistent association between low birth weight and diabetes
type 2 in adult life that has been corrolated to a programmed response
to intrauterine malnutrition.12 The etiology of type 2 diabetes is
multifactorial, including strong contributions from adult obesity and
lifestyle as well as genetic factors and would be prevented by reduction
of several critical exposures. Applying the interventions in population
to increase birth weight (changing maternal nutrition or smoking
habits) could generally increase birth weight especially in populations
with marginal nutrition status. Such interventions could reduce the
risk of type 2 diabetes 5% to 10%.13 The fetal insulin hypothesis offers
an alternative explanation for the consistent association between
impaired fetal growth and insulin resistance during life and the link
with hypertension and vascular disease.12
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The most important mechanisms for explaining the fetal origins of
the disease in later life include; hypothalamic pituitary axis alteration,
epigenetic regulation of gene expression and oxidative stress which all
of these mechanisms may be activated at different stage of gestation
and involved in metabolic syndrome development in adult life.11

Underlying mechanisms
The fetal programming hypothesis believes that early events in
life contribute to susceptibility to chronic diseases including type 2
diabetes in adult life .Low birth weight results from growth restriction
in the uterus which may associate to poorly developed pancreatic β-cell
mass and functionality, retardation in development of skeletal muscle,
alteration in set point of the hypothalamic - pituitary -adrenal axis,
or epigenetic alterations including methylation of DNA.14 All above
mentioned changes may subsequently influence on insulin secretion
or insulin resistance. These alterations may overlap with genetic
trajectory relating to the onset of type 2 diabetes.15 Also, presence
of the interactions between low birth weight and genetic factors are
possible. It has been shown that genetic variants of obesity, which
are more linked to insulin resistance, are more regulated by weight
at birth than the genetic variants of type 2 diabetes, which are more
closely associated to insulin secretion.16 Epigenetic modiﬁcations
may consider as a mechanism by which exposure to an alteration of
the intrauterine environment or metabolic disorder may affect the
organism phenotype in later life. In the IUGR animal model, it has
been clearly considered that epigenetic regulation has a critical role
in gene expression of β-cells and muscles. Theoretically , the animal
model of IUGR could explain the crucial appropriate epigenetic
mechanisms of gene regulation in the adipocyte and determine
speciﬁc epigenetic modiﬁcations that concern to the manifestation of
adiposity and obesity phenotype.17
Excessive reactive oxygen species may result in modulation of
gene expression and/or detrimental effects on membrane of the cells
and other molecules.18 Many believe that oxidative stress which
accounts as a common factor relating to several disorders, is the
primary link between undernutrition and increasing risk of chronic
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diseases in adult life. Known sources of oxidative stress including
smoking, gestational hypertension, inflammation, infection, obesity,
and malnutrition are associated with low birth weight.19 Proteins
are needed for antioxidant synthesis, such as glutathione, also some
micronutrients such as vitamins A, C, and E are antioxidants.20 A
human study21 reported significant higher levels of vitamin A, C,
and E in term babies compared to preterm ones. Thus preterm babies
were more susceptible to oxidative stress. But only neonatal levels of
vitamin A and E were dependent on maternal levels. Reactive oxygen
species are also detrimental for sensitive pancreatic β-cells due to
low levels of enzymatic antioxidant defense.22 Higher susceptibility
of pancreatic β-cells to oxidative stress could contribute to metabolic
syndrome and related disorders.19 Protein and micronutrient deficiency
during the fetal development can result in a pro-oxidant state which
relating to elevated risks of the metabolic syndrome.20 Elevation in
levels of oxidative stress has been observed in infants born small for
gestational age as compared to those appropriate for gestational age.23

Pre-pregnancy weight, maternal weight gain and
obesity in the offspring
Overweight and obese women are more suceptible to several
pregnancy cosequences, including gestational diabetes mellitus,
hypertension, preeclampsia, cesarean delivery, and postpartum weight
retention. Also, fetuses of these women have higher risk of prematurity,
stillbirth, congenital anomalies, macrosomia with possible birth injury,
and childhood obesity. Furthermore, obese women have difficulty for
initiation and maintenance of breastfeeding.
Obesity in pregnancy is associated to an increased maternal and
perinatal morbidity and mortality.24 Maternal over nutrition and obesity
and gestational diabetes lead to fetal over nutrition and overgrowth.
These conditions have deleterious effects on the offspring including
obesity, insulin resistance and type 2 diabetes, metabolic syndrome
and cardiovascular diseases.25
High Birth weight and obesity: Observational studies that found
association of higher birth weight with higher achieved BMI,
suggested the programing hypothesis of utero determinants of birth
weight responsible for elevated risk of obesity later in life. Altered
metabolism of maternal glucose and hyperglycemia contribute to
excess fetal insulin as a growth hormone for the fetus.26 So, gestational
diabetes mellitus (GDM) mothers would have off springs with higher
birth weights.
Relationship
between
breastfeeding
and
obesity
in
childhood: Breast-feeding has shown protective effects on the risk
of obesity in long-term. So, it considers as an important preventive
strategy due to considerable public health beneﬁts.27 Earlier studies28,29
have reported a protective effects of breast-feeding on risk of
overweight and lower prevalence of overweight among adolescents,
an effect that became more apparent by increasing the duration and
exclusive breast-feeding.
Birth weight and Type 2 diabetes: Barkerʼs hypothesis has been
noted in associations of many diseases including the relationship
between low birth weight and type 2 diabetes in adult life.18 In most
of the populations examined, birth weight was inversely associated
to risk of type 2 diabetes later in life.30 These associations were
independent of adjusting for adult body size or socioeconomic status.
Data has shown that per 1-kg increase in birth weight the reduction of
type 2 diabetes risk would be about one-fifth.
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glucocorticoids may contribute to early programming of disease in
adulthood. Several studies have suggested that reduced fetal growth
leads to a longlasting effects on the set-point of the hypothalamicpituitary-adrenal (HPA) axis.18 Exposure to a diversity of stressors such
as specific nutrient restriction in pregnant animal models, contribute
to an increase in secretion of basal or stress-induced glucocorticoids
in the neonates. Thus, exposure to stressors during pregnancy
subsequently results in excessive fetal exposure to glucocorticoids
leading persistent alterations in the activity of HPA axis.31

Maternal malnutrition and risk of diseases
Maternal Macronutrient deficiency; protein and carbohydrates,
leads to lower birth of weight, a marker relating to fetal growth and
subsequently insulin resistance, glucose intolerance, hypertension
and adiposity in later in life.11 Both macro- and micronutrients are
critical for appropriate pregnancy outcomes as well as growth of the
fetus. While the macronutrients are involved in providing enough
energy and proteins for fetal growth, micronutrients are essential for
the appropriate macronutrients metabolism, structural and cellular
metabolism of the fetus.32
Maternal Calorie restriction: Maternal eating disorders increase the
risk of having a neonate with LBW. Data from famine studies33 carried
out during the World War II reported that maternal malnutrition
associated with birth outcomes. This calorie restriction led to average
2.5kg maternal weight loss compared to pre-famine levels. Maternal
weigh loss resulted in major (approximately 300g) reductions in mean
birth weight at the height of the famine.
Protein: Studies relating maternal protein restriction and birth
outcome are largely based on rodent models. Maternal low protein
diet during gestation and lactation was associated to offspring growth
retardation.11 Low protein diet during gestation and lactation have
been shown to result in impaired pancreatic development and reducing
β-cell mass and consequently reduced insulin secretion later in life.34
Carbohydrate: Exposure to a sucrose-rich diet (70% calories as
sucrose) in early stage of life starting 1 wk before breeding, during
pregnancy, at birth, and after weaning of the offspring led to longtime postnatal matabolic responses including higher adiposity and
a significant increase in triglyceride liver content together with
unfavorable alteration in LDL concentrations in offspring.
Fat: High intake of dietary fat, especially of SFA, is associated
with an elevation in cardiovascular disease risk. A few animal
studies suggested that high consumption of fat during gestation may
predispose the appearance of the metabolic syndrome in offspring in
adult life.
Maternal micro-nutrient deficiency: Maternal intak of micronutrients
are related to fetal exposure to glucocorticoids. The importance of
early life stages of the micronutrient deficiency in association with
adult diseases have been investigated only in few human studies.18
Dietary maternal restriction of copper, zinc, and vitamin E in a
mouse model exhibited a reduction in the activity of placental
11β-hydroxysteroiddehydrogenase-2, an enzyme that contributes to
protection of fetus from overexposure to maternal glucocorticoids.35
As discussed before, fetal overexposure to glucocorticoids is related
to smaller size of newborn, insulin resistance and hypertension later
in life. Significant reduction has seen in newborn body weight,
increased blood pressure and insulin levels in offspring exposed to
the micronutrient restricted diet in comparison to those exposed to a
control diet.
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Maternal macronutrient deficiency leads to lower birth of weight
and subsequently insulin resistance, glucose intolerance, hypertension
and adiposity in later in life. In contrast, consuming diets high in fat
and sugar during pregnancy are showed to be related to increasing risk
of metabolic syndrom. Evidance of the role of maternal micronutrient
deficiencies in programming of chronic diseases in adulthood is
less clear. It has been suggested that, micronutrient deficiencies are
related to long-term negative effects such as metabolic syndrome
and related offspring disorders. For instance, it seems that maternal
vitamin A & D deficiency contribute to hypertention and impaired
glucose tolerance in later life. Moreover, deficiencies of calcium or
vitamin B12 during pregnancy were related to higher rate of insulin
resistance in off springs. Maternal restriction of iron consumption was
corrolate to lower birth weight of offspring and growth retadtaion.
Future studies are necessary in order to determine the exact role of
maternal micronutrient deficiencies on early programming of chronic
diseases. Understanding their precise patho-physiological mechanism
are critical to establish new procedures to prevent the adverse effects
of maternal dietary restriction and environmental factors in early
stages of life.
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