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ABSTRACT

Background: The first 1,000 days of life lay the foundation for health,
well-being, learning, and productivity throughout an individual’s lifespan,
and also influence the health and well-being of the next generation. This
review aimed to examine the role of nutrition and environmental factors
during the first 1,000 days of life and their impact on long-term health.

Methods: In this review article conducted in 2025, a targeted search was
performed in scientific databases including PubMed, Scopus, Google
Scholar, SID, and Iran Medix using keywords such as “first 1,000 days of
life,” “early-life nutrition,” “environmental determinants,” and “long-
term health outcomes.” Relevant studies published between 2000 and
2025 were identified. After an initial screening of 200 articles and
assessment based on inclusion criteria (including originality,
methodological rigor, direct relevance to the topic, and availability of full
text), 13 key studies with the highest relevance and quality were selected
for in-depth analysis and presentation of findings.

Results: The first 1,000 days of life are influenced by maternal nutrition
during pregnancy, breastfeeding, complementary feeding, and
environmental factors such as air pollution, chemical exposures, and
socio-economic conditions. These factors influence long-term health into
adulthood through epigenetic, metabolic, and neurological mechanisms.

Conclusion: The first 1,000 days represent a critical window of
opportunity to positively influence a child’s health trajectory by ensuring
optimal nutrition and a supportive environment. Emphasizing early
investments in this area appears essential as a key strategy for promoting
public health and reducing health inequalities.
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Introduction

The first 1,000 days, from conception to
a child’s second birthday, are
considered a critical window and an
opportunity for intervention. The focus on this
specific period stems from growing evidence
showing that experiences during these years
can have lifelong consequences for health and
well-being. Many adult health challenges,
including obesity, cardiovascular diseases, and
mental health disorders, originate in early life
1

In 2016, China introduced the concept of
health across the life course and initiated
efforts to shift the focus from disease treatment
to prevention. Considering the unfavorable
effects of delaying disease prevention until
adulthood, it is preferable to extend the
prevention and management of adult diseases
to early life, which represents a critical
window for physiological programming and
exerts profound and lasting impacts on health
throughout the life cycle 2. In humans, child
development encompasses biological,
emotional, and psychological changes that
occur between birth and the end of
adolescence. Childhood is generally divided
into three stages: early childhood, middle
childhood, and late childhood, also called pre-
adolescence. Early childhood usually spans
from infancy to six years of age 3. Providing
the best possible start for every child is not
only essential for individual well-being but
also a necessary investment to safeguard
human capital and achieve national
development goals *. Poverty, along with its
associated conditions such as malnutrition, has
a significant impact on life expectancy in
developing countries due to considerable
complications and premature mortality 2.
Studies have shown that maternal anxiety is
associated with preterm labor °. In addition to
nutrition, exposure to environmental factors
can induce long-term epigenetic effects that
play arole in future developmental pathways .
This review aimed to examine the role of
nutrition and environmental factors during the
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first 1,000 days of life and their impact on
long-term health.

Materials and Methods

This narrative review examines evidence from
reproductive health literature on the effects of
nutrition and environmental factors during the
first 1,000 days of life—from conception to the
child’s second birthday—on long-term health
outcomes.

Key studies were identified through
targeted searches in scientific databases,
including PubMed, Scopus, Google Scholar,
SID, and Iran Medix, using keywords such as
“first 1000 days of life,” “early-life nutrition,”
“environmental determinants,” and “long-
term health outcomes.”

Relevant studies published between 2000
and 2025 were identified. After screening 200
articles and applying inclusion criteria—
originality, —methodological rigor, topic
relevance, and full-text availability—13
studies were selected for in-depth analysis and
synthesis of their findings.

Results

The importance of maternal nutrition and
counseling during pregnancy:

Epidemiological studies indicate that various
insults during the intrauterine period are
associated with chronic diseases in adulthood.
The term “first 1,000 days” refers to the critical
period from conception to a child’s second
birthday. This vulnerable stage in humans can
be influenced by multiple adverse factors,
including maternal health, psychological stress,
and nutrition, as well as breastfeeding,
complementary feeding, and environmental and
socio-economic conditions. All of these factors
can affect child growth and development,
leading to long-term outcomes that may persist
into adulthood and even old age ’. In examining
the role of nutrition during the first 1,000 days
of life, we first address the role of maternal
nutrition  during  pregnancy.  Maternal
malnutrition is a major public health concern.
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Nutrition & Environment in First 1,000 Days

Significant  regional and  within-country
inequalities exist worldwide in terms of
underweight, anemia, and micronutrient
deficiencies. These disparities result from
complex and multifactorial causes, including
access to healthcare services, water and
sanitation, women’s status, food insecurity, as
well as broader social, economic, and political
contexts. The health, nutrition, and well-being
of women throughout the continuum from pre-
pregnancy to pregnancy are crucial for ensuring
positive pregnancy outcomes and long-term
health for both mother and child 8. Studies have
shown that pregnant women, particularly in
developing countries, are deprived of adequate
intake of essential nutrients due to limited
dietary diversity and are at risk of giving birth
to low-birth-weight infants °. A large meta-
analysis demonstrated that the consumption of
pro-inflammatory components and poor-quality
foods during pregnancy is associated with an
increased risk of obesity in later childhood *°.
In addition, midwifery counseling during
pregnancy was associated with improvements
in ineffective maternal behaviors ' and
enhanced sexual satisfaction among pregnant
women 2, Cohort studies such as COHORT-
XX have shown that inadequate intake of key
nutrients during pregnancy—such as folic acid,
iron, and vitamin D—is associated with a 25%
increased risk of low birth weight and reduced
infant body mass index *. Moreover, adverse
pregnancy conditions such as gestational
diabetes and preeclampsia can reduce fetal
growth by up to 30% .

Exclusive breastfeeding and
complementary feeding during infancy:

Nutrition during this period is also among
the key factors influencing long-term health
outcomes. The latest scientific findings indicate
that specific stimuli, when applied at an
appropriate stage of development, can alter
DNA gene expression through epigenetic
mechanisms and lead to adaptive phenotypic
changes in response to the environment. This
concept has been applied in the context of
nutrition 1°. Breastfeeding is specifically
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associated with a reduced incidence of
necrotizing enterocolitis and diarrhea in early
life, as well as a lower risk of inflammatory
bowel disease, type 2 diabetes, and obesity later
in life. Moreover, infants who are breastfed
demonstrate better resistance to illnesses during
the first year of life . The timing of the
introduction of complementary feeding (CF) is
highly important, as both early and late
initiation may be associated with adverse health
outcomes in childhood and adulthood. A meta-
analysis study examined the role of CF
initiation timing in childhood weight gain and
obesity but found no significant association .
On the other hand, some studies have reported
a significant association between poor
nutritional status and the high prevalence of
underweight, wasting, and stunting among
children aged 6 to 23 months *8. The influence
of early dietary habits and their long-term
effects on the metabolic system are also
important issues discussed during this critical
early stage of life .With dietary changes over
the past 50 years, major shifts have occurred in
the composition of consumed fatty acids. The
best description of this trend is the increased
intake of highly refined vegetable oils rich in ©-
6 linoleic acid (LA), the reduction of animal
fats, and the loss of ®-3 fatty acids from food
sources. At the same time, preventable
metabolic diseases such as obesity and type 2
diabetes have increased. These fats likely exert
their effects by influencing the developing
infant’s tissues and the neuroendocrine and
metabolic pathways associated with metabolic
programming °.

The impact of environmental factors on
child health:

A growing body of evidence confirms that
the first 1,000 days of life represent a critical
window for neural and organ development,
which may be influenced by environmental
stressors such as maternal and fetal living
conditions. In addition to individual and
socioeconomic factors, the living environment
is a key determinant of health inequalities,
especially among pregnant women .
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a) Air pollution and the health of infants
and children

Maternal exposure during pregnancy to
ambient air pollutants such as particulate
matter, nitrogen dioxide (NO:), and carbon
monoxide (CO) has been associated with an
increased risk of preterm birth, low birth
weight, and impaired development of the lungs
and central nervous system. Studies have
shown that higher maternal exposure to
ambient air pollutants, particularly during the
second and third trimesters of pregnancy, is
associated with lower scores on composite
measures of motor, cognitive, and language
development in children at two years of age 2.
In addition, exposure to air pollution during
early childhood has been linked to an increased
risk of asthma, respiratory infections, and
behavioral disorders such as ADHD 22,

b)  Alcohol  Consumption  During
Pregnancy and Its Consequences

Systematic studies indicate that any amount
of alcohol consumption during pregnancy is
associated with fetal growth disorders and
neurobehavioral developmental impairments in
children. Fetal Alcohol Spectrum Disorder
(FASD), resulting from alcohol use during
pregnancy, is one of the preventable causes of
intellectual disability and behavioral problems in
children. Frequent or excessive alcohol
consumption during pregnancy is associated
with up to a 30% increased risk of preterm birth,
low birth weight, and congenital heart defects 23,

¢) Exposure to environmental chemicals

Chemicals such as bisphenol A (BPA),
phthalates, pesticides, and dioxins, known as
endocrine-disrupting chemicals (EDCs), can
cross the placenta and interfere with the
development of the nervous, immune, and
endocrine systems. Studies have shown that
high levels of BPA during pregnancy are
associated with lower performance 1Q scores
and behavioral problems in children 24,

Socioeconomic conditions and the family
environment

Low socioeconomic status (poverty,
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parental illiteracy, and high-risk occupations)
is associated with an increased risk of
developmental delays, reduced brain growth,
and psychological and behavioral disorders in
children. Poverty, by limiting access to
adequate nutrition, healthcare, and a safe
environment, can have negative long-term
effects on a child’s cognitive and emotional
development 2. Moreover, chronic maternal
stress during pregnancy and the postpartum
period (particularly under conditions of social
injustice) can influence the programming of
the nervous system and the regulation of the
hypothalamic—pituitary—adrenal (HPA) axis
through epigenetic changes and elevated
cortisol levels.

The psychosocial environment and family
support

One of the key factors in a child’s emotional
and cognitive development is the creation of a
secure environment accompanied by a high
level of emotional support provided by the
family, particularly the mother. Studies have
shown that children who benefit from such
conditions demonstrate better outcomes in
areas such as speech, attention, and emotion
regulation compared to others 26. Conversely,
domestic violence, neglect, and parental illness
are recognized as severe and chronic stressors
that exert long-lasting effects on both the
structure and function of the brain 2627,

Access to safe water, sanitation, and
healthcare

Poor environmental conditions, such as
lack of access to safe drinking water and
inadequate toilet and sewage facilities,
expose children to recurrent and often
undetected gastrointestinal infections. These
infections can lead to impaired nutrient
absorption, stunted growth, and impaired
brain development. Combined with limited
access to prenatal and childhood healthcare
services (such as vaccination, nutritional
counseling, and screening), these conditions
may have a significant negative impact on
child health 2.
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Nutrition & Environment in First 1,000 Days

Discussion

The first 1,000 days of life, spanning from a
woman’s pregnancy to her child’s second
birthday, provide a unique window of
opportunity to build a healthier and more
prosperous future. The findings of this review
indicate that nutrition and environmental
factors are two key elements which, beyond
supporting the child’s immediate growth,
Influence long-term health outcomes or
disease into adulthood and old age through
their influence on epigenetic, inflammatory,
and metabolic programming mechanisms 2°.

Maternal  nutrition and  appropriate
counseling during pregnancy are among the
most important aspects that require special
attention. Maternal malnutrition—particularly
micronutrient deficiencies and low dietary
diversity—not only increases the risk of low
birth weight but also, by activating intrauterine
inflammatory ~ mechanisms,  raises  the
likelihood of developing metabolic disorders
such as obesity and type 2 diabetes in both
childhood and adulthood 2" ?°. The findings
from these studies are consistent with the
concept of fetal programming 2°.

The concept of fetal programming suggests
that exposure to adverse environmental factors
during critical periods of fetal development can
alter the structure and function of organs and
physiological systems in ways that increase the
risk of chronic diseases in adulthood. Although
these fetal adaptations may ensure short-term
survival, they can become maladaptive in the
postnatal environment and lead to disease in the
long term %,

Breastfeeding, as a natural and effective
intervention, not only ensures the prevention
of early infections through the transfer of
antibodies and immune factors but also plays a
key role in preventing inflammatory and
metabolic diseases by regulating the gut
microbiota 3!. Evidence indicates that breast
milk contains human milk oligosaccharides
(HMOs) and growth factors that facilitate the
development of both the immune system and
the brain *. In addition to breastfeeding,
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appropriate complementary feeding and its
timely initiation play a crucial role in the
child’s future health. Although some studies
have not found a direct association between the
timing of complementary feeding and obesity,
many low-income countries face a dual
burden: while aiming to reduce stunting caused
by malnutrition, they are simultaneously
confronted with rising childhood obesity.
Changes in dietary fat consumption patterns
over the past 50 years may serve as an
underlying  factor contributing to the
increasing prevalence of metabolic diseases *.
Therefore, attention to dietary quality is also of
great importance. Evidence shows that
increased intake of omega-6 fatty acids and
reduced omega-3 fatty acids are associated
with impaired impaired neural development
and heightened chronic inflammation 4.

In addition to nutrition, environmental
factors play an important role. Maternal
exposure to ambient air pollution, particularly
during the second and third trimesters of
pregnancy, has been associated with impaired
neurodevelopment, reduced birth weight, and
an increased risk of asthma and ADHD in
childhood *. The impact of air pollution is
mediated through the transplacental passage of
particulate matter and the induction of
inflammation in the central nervous system. In
addition, chemical substances such as BPA
and phthalates disrupt brain and reproductive
system development by interfering with the
endocrine system. In addition to nutrition,
environmental factors also play a critical role.
Maternal exposure to ambient air pollution,
particularly during the second and third
trimesters of pregnancy, has been associated
with impaired neurodevelopment, reduced
birth weight, and an increased risk of asthma
and ADHD in childhood .

Socioeconomic  conditions and  the
psychosocial environment also represent
structural factors that exacerbate the effects of
nutrition and environmental pollutants.
Poverty, low maternal education, and chronic
maternal stress not only restrict access to
nutrition and healthcare but also lead to “toxic
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stress” through elevated cortisol levels and
epigenetic modifications *” This stress can cause
long-term damage to brain development,
emotion regulation, and cognitive function.
Ultimately, access to safe water, sanitation, and
healthcare serves as a fundamental pillar of
health, playing a decisive role during this critical
period. Recurrent gastrointestinal infections in
children under two years of age not only impair
linear growth and contribute to stunting but also
affect brain development through disrupted
nutrient absorption %, A point often overlooked
in individual studies is the synergistic effects
between nutritional and environmental factors.
In the real world, children and mothers are
simultaneously exposed to multiple threats —
including malnutrition, psychosocial stress, air
pollution, and endocrine-disrupting chemicals.
Evidence suggests that these factors do not act
independently; rather, they can amplify each
other through shared inflammatory pathways,
oxidative stress, and epigenetic modifications .
For example, the multi-cohort study by
Horvath et al. found that mothers who were
exposed to high levels of particulate matter
(PM2.5) during pregnancy and had poor dietary
quality gave birth to children who scored lower
on cognitive and language tests at 18 to 30
months of age — whereas neither exposure
alone showed a significant effect 403,
Similarly, the Ferguson et al. (2022) study in
the PROTECT cohort reported that prenatal
exposure to phthalates was associated with
reduced fetal growth only among mothers with
low dietary intake of antioxidants such as
vitamins C and E; in mothers with high
antioxidant intake, this  association
disappeared %%, These findings highlight the
need for multidimensional approaches in
health policymaking: not only improving
nutrition, but also simultaneously reducing
exposure to environmental pollutants and
strengthening psychosocial support 42,

Conclusion

The first 1,000 days of life are recognized as a
critical and sensitive window that shapes an
individual’s health into adulthood. Available
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evidence indicates that maternal nutrition
during pregnancy, breastfeeding,
complementary feeding, and environmental
factors—including air pollution, chemical
exposures, and socioeconomic conditions—
shape the long-term health of the child through
epigenetic, metabolic, and neurodevelopmental
mechanisms. These findings highlight the
necessity of adopting integrated and preventive
approaches at the individual, family, and
policy-making levels, particularly during the
period from preconception to the child’s first
two years of life. Investing in this period not
only improves child health but also reduces the
burden of chronic diseases in the future and
contributes to advancing health equity and
sustainable development.
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