
Med & Health Dec 2023; 18(2): 279-299

EDITORIAL

279

https://doi.org/10.17576/MH.2023.1802.01

Address for correspondence and reprint requests: Fook-Choe Cheah. Department of Paediatrics, Faculty 
of Medicine, Universiti Kebangsaan Malaysia, Jalan Yaacob Latif, Bandar Tun Razak, Cheras, 56000 Kuala 
Lumpur, Malaysia. Tel: +603-91455391 Email: cheahfc@ppukm.ukm.edu.my

Early Life Nutrition during the First 1000 Days from a 
Malaysian Perspective

CHOONG ZC, CHEAH FC

Department of Paediatrics, Faculty of Medicine, Universiti Kebangsaan Malaysia, Jalan
Yaacob Latif, Bandar Tun Razak, Cheras, 56000 Kuala Lumpur, Malaysia.

ABSTRAK

Tempoh 1000 hari pertama kehidupan bermula dari kandungan dalam rahim 
sehinggalah hari jadi anak tahun yang kedua, merupakan fasa penting dalam 
perkembangan manusia. Kertas ulasan ini menegaskan kepentingan tempoh 
kritikal ini dalam satu analisis komprehensif demi menerokai kesan pelbagai 
aspek pemakanan melalui tiga fasa yang berbeza iaitu tempoh kehamilan, tempoh 
penyusuan susu ibu dan tempoh pengenalan makanan pelengkap. Dalam tempoh 
kehamilan, indeks jisim badan ibu merupakan faktor penting yang mempengaruhi 
kesihatan ibu dan anak. Pemakanan yang optimum, termasuk mikronutrien penting 
seperti asid folik, zat besi, iodin, dan vitamin D, adalah penting untuk mengurangkan 
risiko seperti kecacatan tiub neural dan gangguan berkaitan yang masih menjadi 
masalah kesihatan di Malaysia. Penyusuan susu ibu eksklusif dalam enam bulan 
pertama lepas lahir adalah penting untuk perkembangan kognitif dan sistem 
imun kanak-kanak. Permulaan makanan pelengkap pada masa yang tepat juga 
sangat penting untuk mencegah masalah obesiti kanak-kanak dan mengurangkan 
masalah kekurangan zat makanan. Kertas ulasan ini membincangkan kepentingan 
dan peranan kritikal nutrisi seimbang dalam tempoh 1000 hari pertama kehidupan. 
Kertas ini juga mengupas situasi semasa dan menggariskan strategi serta intervensi 
untuk memastikan kanak-kanak mendapat nutrisi yang mencukupi dalam fasa 
yang penting ini dalam konteks di Malaysia.

Kata-kunci: Tempoh 1000 hari pertama kehidupan; tempoh kehamilan; tempoh 
penyusuan susu ibu; tempoh pengenalan makanan pelengkap

ABSTRACT

The first 1000 days of life, encompassing the period from conception to a child’s 
second birthday, represents a pivotal phase in human development. This review 
paper highlighted the importance of this critical window with a comprehensive 
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analysis exploring the multifaceted impact of nutrition during the three distinct 
phases: the pregnancy-intrauterine period, early infancy-breastfeeding period, 
and early childhood-complementary feeding period. Within the pregnancy-
intrauterine period, the maternal body mass index emerges as a crucial factor, 
directly affecting the well-being of both mother and child. Optimal nutrition, 
including essential micronutrients such as folic acid, iron, iodine, and vitamin D, 
are imperative to mitigate the risk of neural tube defects and related disorders, 
which remain a concern in Malaysia. Exclusive breastfeeding during the initial 
six months of life is identified as a cornerstone of infant development, nurturing 
both the child’s cognitive abilities and immune system. Timely introduction of 
complementary foods is equally vital, acting as a safeguard against childhood 
obesity and undernutrition. This review paper provided an in-depth examination 
of the importance and critical role of nutrition in the first 1000 days of life. It further 
outlined the current status, recommended strategies and interventions to improve 
child nutrition during this crucial phase in the Malaysian context.

Keywords: Early childhood-complementary feeding period; early infancy-
breastfeeding period; first 1000 days of life; pregnancy-intrauterine period

during early life stands as a pivotal 
and adjustable environmental factor. 
To ensure optimal nutrition during 
this critical period, it is essential for 
mothers to maintain a proper maternal 
diet during pregnancy, exclusively 
breastfeed for the first six months, 
introduce appropriate complementary 
foods after six months, and continue 
breastfeeding until the child reaches 
the age of two (Cunha et al. 2015). 
This comprehensive approach helps to 
establish the foundation for a lifetime 
of good health and well-being.

NUTRITION DURING 
PREGNANCY

Review of Current Recommendations 
on Energy Intake

Maternal nutrition during the first 1000 
days of life is critical, impacting both the 

INTRODUCTION

The first 1000 days of life, spanning 
from conception until the child’s 
second birthday (Schwarzenberg et 
al. 2018), represents a critical period 
where nutrition profoundly influences 
both immediate health and long-term 
development, shaping an individual’s 
susceptibility to chronic diseases in 
adulthood. During this timeframe, 
essential nutrients are crucial for rapid 
growth, organ development, and the 
establishment of metabolic patterns. 
Furthermore, it is a pivotal phase for 
neurodevelopment, given the rapid 
rate at which cognitive functions 
develop (Saavedra et al. 2016). 
Inadequate nutrition during this crucial 
window can result in permanent 
alterations in tissue structure and 
physiological processes (Mandy & 
Nyirenda 2018). Hence, nutrition 
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mother’s and the foetus’s well-being. 
Unfortunately, in many countries, 
pregnant women’s nutritional status 
often fall below necessary standards, 
leading to severe complications, 
including anaemia, pre-eclampsia, 
haemorrhage, and even maternal 
mortality. Additionally, inadequate 
maternal nutrition can have detrimental 
effects on infants, resulting in outcomes 
such as stillbirth, low birth weight, 
impaired growth, and developmental 
delays (Rocco et al. 2005). On the 
other hand, the rising prevalence of 
maternal obesity can influence foetal 
and neonatal development through 
a process known as developmental 
programming, potentially predisposing 
offspring to obesity and cardiovascular 
diseases, including hypertension 
(Inzani & Ozanne 2022).
 The concept that long-term 
chronic disease risk is linked to in-
utero nutrition emerged from David 
Barker’s 1980s research, suggesting its 
role in adult ischemic heart disease 
(Barker 2007). This idea has expanded 
into the Developmental Origins 
of Health and Disease (DOHaD) 
hypothesis, indicating that foetal and 
neonatal DNA undergoes epigenetic 
modifications in response to external 
environmental factors (Langley-Evans 
& McMullen 2010). It is now widely 
accepted that lasting structural and 
functional changes during gestation 
contribute to diseases that emerge later 
in life.
 Malaysia, with the highest obesity 
prevalence in Southeast Asia, reflects 
a global trend of increasing overweight 
or obese adults. The National Health 
and Morbidity Survey (NHMS) in 

2019 revealed that one in two adults 
(50.1%), aged 18 and above was either 
overweight (30.4%) or obese (19.7%), 
with a higher prevalence in females 
and in the Indian population (Shahrir 
et al. 2021). Globally, the proportion of 
maternal obesity varies, ranging from 
10.1% to 17.9% (Bogaerts et al. 2012; 
Onubi et al. 2016). This rise in obesity 
is concerning for women of child-
bearing potential as more women will 
begin their pregnancy with a higher 
BMI. The 2016 NHMS report revealed 
that maternal obesity had reached a 
prevalence of 14.6%, with mothers of 
advanced age, in the 45-49 age group 
exhibited the highest prevalence of 
obesity at a staggering 69.2%. Malays 
have the highest prevalence of 16.8%, 
followed by Indians at 15.6%, and 
Chinese at 5.8%. In 2021, 28.6% of 
pregnant women were overweight, with 
an additional 22.6% were classified as 
obese, a significant increase from 2016, 
where only 14.6% were categorised as 
such (Shahrir et al. 2021). The close 
relationship between obesity and 
impaired glucose tolerance increases 
the risk of gestational diabetes mellitus 
(Catalano 2010). Maternal obesity is 
linked to a 3.6 times higher likelihood 
of macrosomia in infants (Shahrir et al. 
2021), who are at risk of obesity and 
metabolic disorders in later life. High 
birth weight is also associated with a 
slightly increased risk of type 1 diabetes, 
though the precise mechanisms are 
unclear (Savona-Ventura & Chircop 
2003).
 Energy needs during pregnancy 
vary and depend on factors like pre-
pregnancy weight, body mass index 
(BMI), maternal age, gestational 
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stage, energy expenditure, and 
basal metabolic rate (Blumfield 
et al. 2012). Although there are 
variations in guidelines, it is generally 
acknowledged that the extra energy 
requirements are relatively small. 
According to International Federation 
of Gynecology and Obstetrics (FIGO) 
recommendations, the increase 
in dietary energy intake during 
pregnancy should be moderate, 
with a suggested range of 340-450 
kcal per day during the second and 
third trimesters. Simultaneously, they 
advocate for moderate exercise of 30 
minutes per day while advising against 
engaging in hard physical labour 
during the later stages of pregnancy 
(Hanson et al. 2015). Moreover, RCOG 
recommends a modest increase in 
energy requirements during the third 
trimester, approximately 200 kcal 
per day, roughly a 10% rise from the 
recommended daily intake of 1940 
kcal/day in a non-pregnant adult 
woman (Ho et al. 2016).
 Recommended Nutrient Intake (RNI) 
guidelines in Malaysia advise pregnant 
women to increase their daily calorie 
intake by around 280 kcal and 470 kcal 
during the second and third trimesters 
(National Coordinating Committee 
on Food and Nutrition, Ministry of 
Health Malaysia 2017). Despite these 
recommendations, a meta-analysis of 
well-nourished women found that the 
average increase in daily energy intake 
during pregnancy was only about 140 
kJ/day (Blumfield et al. 2012). This shift 
in energy requirements may be due to 
reduced physical activity, a sedentary 
lifestyle, and a rising prevalence of 
higher pre-pregnancy BMI. Excessive 

energy intake can lead to excessive 
gestational weight gain and adverse 
pregnancy outcomes. As pregnancy 
advances, women experience 
reductions in energy expenditure 
through less physically strenuous 
activities and increased sedentary time 
(Löf at al. 2011). These adaptations are 
essential for facilitating weight gain 
during pregnancy.
 In summary, the clinical implications 
of providing dietary advice during 
pregnancy are significant. They call for 
a shift in focus from merely increasing 
food intake to enhancing dietary 
quality and micronutrient composition, 
along with recommending appropriate 
supplement use. Reforms in dietitian 
advice during antenatal care may 
be necessary to avoid excessive 
weight gain with potential adverse 
consequences for maternal and 
neonatal health.

Selecting Micronutrient Intake 
Recommendations and Special 
Considerations for at Risk 
Populations

(i) Folate

Adequate intake of folate, a water-
soluble essential B vitamin (B9), is 
essential for various bodily functions, 
including the formation of red and 
white blood cells, energy production, 
and cell growth (Abbasi et al. 2018). 
Moreover, folate plays a significant 
role in preventing neural tube defects 
(NTDs), which are birth abnormalities 
occurring between days 18 and 28 
after conception when the neural tube 
fails to close properly (Greene & Copp 



283

Nutrition in First 1000 Days Med & Health Dec 2023;18(2): 279-299

2014).
 To reduce the risk of NTDs, all 
pregnant women are recommended 
to take a daily supplement of 400 µg 
of folic acid starting one month before 
conception and continuing until the 
12th week of pregnancy. Individuals 
at a higher risk of NTDs are advised 
to take a higher daily dose of 4-5 
mg of folic acid (Dwyer et al. 2022). 
Unfortunately, inadequate folic acid 
intake persists among many women of 
child-bearing age. Factors contributing 
to this include a high prevalence 
of unplanned pregnancies, limited 
knowledge, challenges in translating 
knowledge into behavioural changes, 
and barriers to supplement utilisation, 
such as cost, accessibility, and 
compliance issues (Australian Institute 
of Health and Welfare 2016).
 Obesity in women doubles the 
risk of NTDs due to inadequate folate 
absorption, even with recommended 
supplementation (Huang et al. 
2017). Blood folate concentrations 
often remain deficient even with 
recommended folate supplementation 
(Koren & Kaplan 2021). Additionally, 
they are at 5-10 times higher risk of 
having a baby with spina bifida (Zhang 
et al 2021). Weight loss in obese 
women has shown to increase folate 
levels even without change in folate 
intake (Ortega et al. 2009). Therefore, 
weight loss may be a key strategy to 
reduce folate deficiency in obese 
women.
 Diabetic women face a 2-4 times 
increased risk of giving birth to a 
baby with birth defects (Correa et al. 
2012). Excess glucose can decrease the 
expression of the Pax3 gene required 

for neural tube closure, elevating the 
risk of NTDs (Loeken 2005). To mitigate 
this risk, the American Diabetes 
Association recommends 400 mcg 
of folic acid daily in nonpregnant 
women with pre-existing diabetes 
and 600 mcg daily for women who 
are pregnant or who plan to become 
pregnant (Kitzmiller et al. 2008). 
Pregnant women should follow a low-
carb diet that contains folate-rich foods 
to reduce risk of NTDs.
 The use of antiepileptics, such as 
valproic acid and carbamazepine, 
can significantly increase the risk 
of NTDs in newborns, effectively 
doubles this risk (Yerby 2003). In 
cases where switching medications 
is not an option, a strategy involves 
substantially increasing folate intake 
by 10-fold through supplementation. 
This typically involves supplementing 
with 4 mg of folic acid daily before and 
during pregnancy (American Academy 
of Pediatrics 2017).
 The impact of folic acid 
supplementation in preventing NTDs 
has been well-documented. In the 
United Kingdom, daily consumption 
of 4 mg of folic acid during the 
periconceptual period led to a 
remarkable 70% reduction in the 
recurrence of NTDs among women 
with a history of NTD-affected 
pregnancies (MRC Vitamin Study 
Research Group 1991). Similarly, in 
China, daily consumption of 400 
µg of folic acid reduced the risk of 
NTD-affected pregnancies by 79%, in 
Hebei province, where the incidence 
of NTD was high at 50-60 per 10,000 
(Berry et al. 1999). In Australia, 
mandatory folic acid fortification in 
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bread has successfully increased folic 
acid consumption among women 
of childbearing age, reducing the 
occurrence of NTDs (Australian 
Institute of Health and Welfare 2016).
 In Malaysia, the estimated NTD rate 
is 10 per 10,000 births and the median 
of folic acid intake is approximately 
202 µg which amounts to 50.6% of 
the Malaysian Recommended Nutrient 
Intakes level. Alarmingly, around 
15% of them exhibited plasma folate 
deficiency, while 9% of them were 
deficient in red blood cell (RBC) folate. 
The prevalence of deficiency was the 
highest among the Indian population 
which is 21.5 (Khor et al. 2006). 
Based on the 2019 NHMS, one out of 
every five Malaysians, or 21.3% of the 
population, suffer from anaemia. Of 
particular concern is the prevalence 
among women of reproductive ages, 
with nearly three out of ten, or 29.9%, 
between 15- and 49-years old suffering 
from anaemia (Ministry of Health 
Malaysia 2019). Recognising the gravity 
of this issue, the Malaysian Cabinet has 
approved a proposal by the Health 
Ministry to make it mandatory for 
manufacturers to fortify 25 kg wheat 
flour packages with both folic acid and 
iron (New Straits Times 2022). Once 
implemented following amendments 
to the Food Regulations of 1985, every 
100 grams of wheat flour will contain 
6.0 mg of iron and 260 µg of folic 
acid. This initiative aligns with global 
efforts to address anaemia, as seen in 
the FDA’s mandate for fortification of 
all grain cereal products with folic acid 
in 1998 (United States Food and Drug 
Administration 1996).

(ii) Iron

Iron is essential during pregnancy to 
meet the increased demands of both 
the developing foetus and the placenta, 
as well as to support the expansion 
of maternal red blood cell mass. Iron 
deficiency during pregnancy can 
lead to adverse outcomes, including 
maternal anaemia, which is associated 
with risks of low birth weight, preterm 
birth, and susceptibility to infectious 
diseases (Peña-Rosas et al. 2015). Iron 
is crucial for cognitive development, 
particularly in infants, as it plays key 
roles in various neurological processes. 
This includes synaptogenesis, 
myelination, energy metabolism, and 
neurotransmitter production, all critical 
for brain development. Preterm infants 
are at higher risk of iron deficiency due 
to their increased iron requirements 
and potential disruptions in maternal 
iron supply (German & Juul 2021).
 In regions with a high prevalence of 
conditions like thalassemia, concerns 
may arise regarding iron overload 
during universal iron supplementation. 
However, research suggests that 
recommended iron doses do not 
lead to iron overload in thalassaemic 
individuals (Sinlapamongkolkul et al. 
2023). Iron deficiency anaemia (IDA) is 
a significant concern during pregnancy, 
accounting for a substantial portion, 
ranging from 75% to 95% of anaemia 
cases (Halimi et al. 2011). Pregnant 
women often begin with insufficient 
iron stores, making dietary measures 
alone is inadequate (Milman 2015).
 In Malaysia, the mean dietary 
iron intake is typically around 10 mg 
per day. Therefore, the need for iron 
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prophylaxis becomes inevitable to 
prevent IDA as dietary measures alone 
is often inadequate in this context. The 
daily diet should ideally contain at least 
27 mg of iron with 25% bioavailability, 
but drastic dietary changes can be 
challenging for many women (Milman 
2015). The prevalence of anaemia 
in Malaysia during pregnancy varies 
between 19.3% and 57.4%, while the 
occurrence of iron deficiency ranged 
from 31.6% to 34.6%, with factors like 
age, delayed antenatal care initiation, 
non-adherence to iron supplements, 
ethnicity, education, income, 
and employment influencing the 
occurrence of anaemia (Abd Rahman 
et al. 2022).
 The consequences of maternal iron 
deficiency extend beyond the mother, 
affecting the developing foetus and 
newborn. The iron status of the newborn 
may depend on the mother’s iron 
status as research indicates a significant 
correlation between maternal and 
foetal serum ferritin levels (Milman et 
al. 1991). Research indicates that early 
childhood iron deficiency, even when 
treated with iron, can have long-lasting 
effects on cognitive development and 
recognition. Animal experiments have 
highlighted a critical time window in 
early pregnancy when iron deficiency 
can impair brain development in a 
way that cannot be fully reversed by 
later intervention with iron treatment. 
In Chile, IDA in early childhood, even 
when sufficiently treated with iron, 
was associated with compromised 
recognition and memory at both 4 and 
10 years of age (Congdon et al. 2012).
 In Malaysia, alarming statistics 
show a high prevalence of anaemia in 

infants and children. In the NSM 2023 
congress, the Iron Strong Study results 
reported that more than 1 in 3 (34.5%) 
infants 6-12 months old in Malaysia 
are at the greatest risk of anaemia, 
characterised by haemoglobin levels 
of less than 12 g/dL. This alarming 
trend is further corroborated by the 
NHMS 2022 report, indicating that 
nearly half (46.5%) of children under 
the age of 5 in the country are anaemic 
(NutraIngredients-Asia 2023).
 These numbers reveal critical gaps 
in healthcare practices, especially in 
maternal health and early childhood 
nutrition. Several areas need 
improvement, including screening for 
iron deficiency in pre-school children, 
iron supplementation for breastfed 
infants, and the underutilisation 
of Delayed Cord Clamping. It is 
important to note that breast milk 
contains relatively low iron levels, 
and while infants have a remarkable 
capacity to absorb iron from breast 
milk, supplementation during early 
infancy has shown benefits in cognitive 
development (Friel et al. 2003). The 
American Academy of Pediatrics (AAP) 
recommends iron drops at a dose of 
1 mg/kg/day for exclusively breastfed 
infants starting at 4 months and 
universal screening for iron deficiency 
at 12 months (Baker et al. 2010). Earlier 
iron supplementation may start in the 
first month of age for infants born under 
circumstances involving pregnancy or 
birth complications, such as diabetes, 
low birth weight, prematurity, or those 
classified as small for gestational age 
and consuming breast milk. Infant will 
also receive iron from sources such as 
meats, iron-fortified cereals, and green 



286

Med & Health Dec 2023;18(2): 279-299 Choong Z.C. & Cheah F.C. 

vegetables upon the commencement 
of complementary solid foods (Baker 
et al. 2010).
 To ensure an effective public health 
approach, screening infants at 4 months 
and monitoring parameters like ferritin 
levels, haemoglobin concentrations, 
MCV, dietary intake, and maternal risk 
factors are crucial.

(iii) Iodine

Iodine deficiency is a global concern, 
recognised as the leading cause of 
brain damage worldwide. Maternal 
iodine deficiency is associated with 
various adverse outcomes, including 
the increased risk of lower birth 
weight and infant mortality, hearing 
impairment, impaired motor skills, and 
neurological dysfunction. The World 
Health Organisation (WHO) defines 
the optimal level of iodine intake, as 
measured by the median urinary iodine 
(UI) concentration, within the range of 
100 to 199 microg/L (Niwattisaiwong 
et al. 2017).
 WHO recommends 250 mcg 
of iodine supplementation daily 
for pregnant women in countries 
where less than 20% of households 
have access to iodised salt (World 
Health Organisation, United Nations 
Children’s Fund, & International 
Council for the Control of Iodine 
Deficiency Disorders 2007). Iodine 
deficiency is the most prevalent in 
regions with iodine-deficient soils, 
which are commonly found in inland 
areas, mountainous regions, and flood-
prone areas. Moreover, coastal regions 
can experience iodine deficiency due 
to leaching effects from snow, water, 

and heavy rainfall, which removes 
iodine from the soil.
 In Malaysia, one such region 
grappling with this issue is Sarawak, 
where endemic iodine deficiency 
disorders (IDD) are well-documented, 
with goitre prevalence ranging from 
40% to over 90%. In some villages, 
congenital iodine deficiency syndrome 
has been observed. To combat this 
public health challenge, Sarawak has 
implemented mandatory universal 
salt iodisation (USI) since 2008. The 
Ministry of Health extended this 
initiative to the entire nation, making it 
mandatory from September 30, 2020, 
to add iodine to all refined salt or salt 
weighing 20 kg or less before sale in 
Malaysia, with iodine content ranging 
from 20-40 mg/kg.
 Despite seven years of universal 
salt iodisation implementation, the 
median urinary iodine concentration 
(UIC) among pregnant women was 
measured at 105.6 µg/L, suggesting 
iodine deficiency in this population. 
Furthermore, 65.0% of pregnant 
women had a UIC of less than 150 
micrograms per liter (µg/L) (Kuay 
2018). A recent study conducted in 
Sarawak, Malaysia, had revealed a 
concerning trend in iodine deficiency 
among pregnant women, despite a 
decade of universal salt iodisation 
(USI) efforts in the region. Pregnant 
women continue to exhibit iodine 
deficiency, while school-aged children 
demonstrate adequate iodine status 
(Kuay et al. 2021). This underscores the 
persistence of this critical public health 
issue, given that iodine requirements 
increase by at least 50% during 
pregnancy. Maternal iodine deficiency 
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can have dire consequences, impairing 
fetal neurological development and 
even reducing mean IQ scores by 
as much as 12-13.5 points, with the 
most severe form leading to cretinism. 
Iodine supplementation has shown 
promise in cases of moderate to severe 
deficiency, improving birth weight, 
reducing mortality, and enhancing 
developmental scores by 10-20%. 
Universal salt iodisation remains the 
most cost-effective means of delivering 
iodine to improve maternal and infant 
health (Zimmermann 2012). However, 
challenges exist, such as a growing 
health-conscious trend that reduces 
salt intake and medical conditions that 
requiring salt restriction.

(iv) Vitamin D

Vitamin D, a fat-soluble vitamin, 
plays a crucial role in promoting 
calcium absorption from the gut and 
supporting normal bone mineralisation 
and growth. During pregnancy, the 
demand for vitamin D increases 
significantly, as the foetus relies 
entirely on maternal vitamin D for its 
development and growth. Maternal 
vitamin D deficiency is associated with 
various adverse pregnancy outcomes, 
including gestational diabetes, pre-
eclampsia, preterm birth, low birth 
weight, and caesarean section (De‐
Regil et al. 2016). Beyond its role 
in calcium regulation, vitamin D is 
involved in other vital functions, such 
as immune modulation in activated B 
and T lymphocytes and regulation of 
insulin and thyroid hormones.
 As of 2012, the World Health 
Organisation (WHO) did not 

recommend routine vitamin D 
supplementation for pregnant women. 
However, supplementation of 200 
International Units (IU) per day could 
be considered if deficiency was 
identified, as evidence regarding the 
safety of vitamin D supplementation 
during pregnancy was limited. It was 
also noted that dosages up to 4000 
IU per day should be safe during both 
pregnancy and lactation (Institute of 
Medicine of the National Academies 
(US) 2010). Certain individuals are at 
a higher risk of vitamin D deficiency, 
including vegetarians, individuals 
with darker skin tones, those with 
limited sun exposure, and those who 
extensively cover their skin with 
clothing or sunscreen.
 A study by Lee et al. (2017) to evaluate 
relationship between vitamin D and 
pregnancy outcomes revealed that a 
substantial 71.7% of the participants 
displayed vitamin D deficiency, 
emphasising the prevalence of this 
nutritional concern. Additionally, 
21.0% of the participants had vitamin 
D insufficiency, with only 7.3% having 
adequate levels of 25-hydroxyvitamin 
D (25-OH-vit D), exceeding the 
recommended threshold of 30 ng/mL 
(Lee et al. 2017).
 In the study that was done in 
Malaysia in examining the association 
of vitamin D deficiency and pregnant 
women, approximately 43% of the 
participants were found to be deficient 
in vitamin D, with an average daily 
intake of 8.7 +±6.7 µg (equivalent 
to 360 International Units). Notably, 
75% of the participants fell below the 
Recommended Nutrient Intake (RNI) 
of 15 µg or 600 International Units, 
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indicating a widespread shortfall in 
vitamin D intake. Pregnant women 
with higher vitamin D intake were less 
likely to experience deficiency, and 
non-Malays showed an 87% reduction 
in the odds of vitamin D deficiency 
(Woon et al. 2019).
 When it comes to vitamin D 
intake, dietary sources often fall short, 
particularly when maternal dairy 
consumption is limited. The primary 
natural source of vitamin D is sunlight 
interacting with the skin, but cultural 
practices and sun protection measures 
have inadvertently contributed to the 
resurgence of vitamin D deficiency 
(Nimitphong & Holick 2013). Breast milk 
typically contains low concentrations 
of vitamin D, further complicating the 
issue (Hollis et al. 2015). Several risk 
factors for vitamin D deficiency in 
infants include exclusive breastfeeding 
without supplementation, delayed 
introduction of complementary foods, 
and preterm or small-for-gestational-
age status (Tan et al. 2020).
 A global consensus supports the 
administration of a daily dose of 
400 international units of vitamin D 
in infants, particularly in high-risk 
groups, to enhance bone health and 
prevent rickets. This supplementation 
is well-tolerated and lacks toxicity 
concerns. However, it’s important to 
note that higher doses do not offer 
additional benefits and may lead to 
elevated blood levels of vitamin D and 
hypercalcemia. Therefore, it is strongly 
recommended to implement universal 
vitamin D supplementation shortly 
after birth, regardless of the mode of 
feeding, and continue until the age of 
12 months. After this age, vitamin D 

supplementation is advised exclusively 
for children in at-risk groups (Jullien 
2021).

INFANT NUTRITION

Exclusive Breast Feeding, Breastmilk 
Feeding and Human Milk Diet

Breast milk is often considered the 
gold standard for infant nutrition, with 
the World Health Organisation (WHO) 
recommends exclusive breastfeeding 
for the first six months, followed by the 
introduction of complementary liquids 
and solid foods. Furthermore, WHO 
advises continued breastfeeding for at 
least two years or longer (World Health 
Organisation 2009).
 During pregnancy, the mother’s 
diet plays a crucial role in the 
cognitive and visual development of 
infants in their first year of life. Breast 
milk provides essential fatty acids, 
including arachidonic acid (AA), long-
chain polyunsaturated fatty acids (LC-
PUFAs), docosahexaenoic acid (DHA), 
linoleic acid (LA), and alpha-linolenic 
acid (ALA). DHA and AA, found in the 
brain and retina membrane lipids, are 
critical for infant visual and neuronal 
functions (Yuhas et al. 2006). These 
fatty acids’ profile varies with the 
maternal diet of ALA, LA, and DHA 
(Birch et al. 2005).
 Observational studies highlight the 
impact of early nutrition on short-term 
and long-term health outcomes. Infants 
who are formula-fed are at a higher risk 
of various health concerns, including 
a greater likelihood of becoming 
overweight, more infections within the 
first year, and lower cognitive scores. 
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The composition of infant formula 
has shifted since the mid-20th century, 
with vegetable oils replacing milk fat, 
which lacks essential components 
found in dairy fat, such as the Milk Fat 
Globule Membrane (MFGM) (Brink & 
Lönnerdal 2020).
 Milk fat globules consist of a double-
layered phospholipid membrane that 
envelops them, playing vital roles 
in supporting infant nutrition and 
development, including synaptogenesis 
and myelin formation (Tanaka et al. 
2013). The MFGM also possesses 
immunological and antimicrobial 
properties, as studies show a reduced 
occurrence of ear infections and 
enhanced cognitive development 
with MFGM supplementation or 
breastfeeding (Ambrożej et al. 2021).
 Shifting the focus to carbohydrate 
content in breast milk, Human Milk 
Oligosaccharides (HMOs) are complex 
carbohydrates found in breast milk that 
play crucial roles in infant nutrition, 
immune system development, 
and gut microbiome. HMOs are 
most abundant in colostrum, with 
approximately 20-25 grams per 
litre (Thurl et al. 2017). Structurally 
diverse HMOs contain Sialic acid 
and have been linked to cognitive 
development. Breast-fed preterm 
infants have superior developmental 
scores at 18 months of age and even 
higher IQ levels by the age of 7 
(Lucas et al. 1992). Indirect evidence 
further substantiates these findings, 
illustrating that brain development 
and cognition are partially dependent 
on Sialic acid-containing gangliosides 
and poly-Sialic acid-containing 
glycoproteins (Wang 2009). Sialic acid 

concentrations in the brain, peaking 
at over twice the normal levels a few 
months prior to birth through the age 
of 2 years accentuate the significance 
of this compound (Svennerholm et al. 
1989). Moreover, research has shown 
that post-mortem brains of breast-
fed infants had significantly higher 
ganglioside-bound and protein-bound 
sialic acid concentrations compared to 
formula-fed infants (Wang et al. 2003).
 HMOs also support a healthier gut 
microbiota by promoting growth of 
beneficial bacteria like Bifidobacterium 
longum and Bifidobacterium breve 
and inhibiting pathogenic bacteria like 
GBS (Walsh et al. 2020). HMOs have 
been shown to significantly hinder 
the growth of Group B Streptococcus 
(GBS) by up to 89% and inhibit the 
adhesion of Acinetobacter baumannii 
by up to 11% (Ackerman et al. 2018; 
Spicer et al. 2021).
 Breast milk, rich in human milk 
oligosaccharides (HMOs), can reduce 
the risk of necrotising enterocolitis 
(NEC) which is a serious threat to 
premature infants. Recent research 
examined 200 very low birthweight 
infants primarily fed human milk and 
found that NEC cases had lower levels 
of a specific HMO, disialyllacto-N-
tetraose (DSLNT). Importantly, DSLNT 
levels fluctuated in individual milk 
samples, but a consistent pattern 
emerged when averaged over multiple 
days. These findings suggest that low 
DSLNT in a mother’s milk could serve 
as a non-invasive marker to identify 
NEC risk. This may influence clinical 
practice by guiding the choice of donor 
milk and fortifiers. Additionally, DSLNT 
might inspire the development of new 
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NEC prevention therapies (Autran et al. 
2018). Emerging evidence also suggests 
that necrotising enterocolitis (NEC) in 
premature infants may be preceded 
by enteric dysbiosis, marked by an 
abundance of Gram-negative bacteria 
(Fundora et al. 2020).
  Promoting breastfeeding and the 
use of human milk in Neonatal 
Intensive Care Units (NICUs) can 
result in significant cost savings for 
healthcare systems. For example, 
in the UK, NHS could save millions 
annually through reduced incidents 
of necrotising enterocolitis, sepsis, 
and infant mortality (Mahon et al. 
2016). The maternal microbiome and 
its transfer during the perinatal period 
and through breastfeeding influences 
infant health, by programming the 
infant microbiome and the onset of 
various diseases, including conditions 
such as allergies, asthma, type I 
diabetes, epilepsy, and autism (Amir 
et al. 2020; Liu et al. 2023; Saurman 
et al. 2020). Factors that modulate the 
microbiome profile are determined 
by maternal health, gestational age, 
mode of delivery, breastfeeding and 
the practices of Kangaroo Mother Care 
which could impact infant well-being.
 Human milk banks are 
recommended to ensure infants 
receive the nutritional benefits of 
human breast milk when the biological 
mother cannot breastfeed. In countries 
with a Muslim-majority population, 
the establishment of human milk banks 
poses unique challenges, primarily due 
to cultural considerations related to the 
concept of milk kinship. To address 
this issue, it is advisable to implement 
human milk banks while incorporating 

additional safeguards designed to 
prevent potential conflicts arising from 
milk kinship among newborns in these 
cultural contexts (Seah & Cheah 2017).
 However, it is worth noting that 
despite these challenges, there have 
been notable instances of successful 
implementation. For instance, 
Singapore achieved a significant 
milestone on August 17, 2017, by 
officially launching its first human 
milk bank (HMB) at KK Women’s 
and Children’s Hospital. Particularly 
noteworthy is that this initiative 
received endorsement from the 
Islamic Religious Council of Singapore. 
Their endorsement was based on the 
understanding that, under medical 
guidance, it is permissible for Muslim 
premature infants to receive donor 
human milk (Seah & Cheah 2017). The 
pasteurisation process may remove 
some bioactive components but still 
offers benefits such as reducing the 
incidence of necrotising enterocolitis 
(NEC) (Boyd et al. 2007; McGuire 
& Anthony 2003). Furthermore, the 
Exclusive Human Milk Diet (EHMD) 
has garnered attention for its potential 
benefits in premature infant care, with 
varying results in different studies. 
Implementing EHMD programs 
requires a collaborative team effort 
and can lead to reduced comorbidities 
and cost savings (Swanson et al. 2023). 
The EHMD concept holds promise and 
large multi-centre trials are awaited to 
show it is beneficial in practice and 
cost-effective.
 An innovative alternative to human 
milk banking is Biomilq, a pioneering 
start-up in the USA that is at the forefront 
of a ground-breaking endeavour 
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to replicate breast milk outside of 
the human body. Their pioneering 
approach involves the cultivation of 
lab-grown ‘human milk,’ a promising 
development that may come to fruition 
within just three years. To accomplish 
this remarkable feat, Biomilq relies 
on donated human breast tissue and 
milk. The intricate process involves 
nurturing these cells in specialised 
flasks, providing them with essential 
nutrients, and then placing them within 
a state-of-the-art bioreactor which is 
meticulously designed to simulate the 
natural breast environment. Within the 
confines of this bioreactor, the cells 
efficiently assimilate nutrients and 
exude the vital components of breast 
milk (CNN Business 2022).
 Rapid weight gain in infancy, 
particularly during the first 2 years of life, 
has been identified as a predictor of an 
increased risk of obesity in childhood 
and adulthood. Breastfeeding, with its 
lower protein content, is associated 
with reduced weight gain velocity in 
infancy and a lower risk of obesity. 
Reducing protein content in breast 
milk substitutes to align them more 
closely with breast milk may help to 
prevent childhood obesity (Koletzko et 
al. 2013). Notably, faster linear growth 
shortly after reaching term age was 
linked to improved cognition among 
preterm infants, but if this growth 
spurt continued, it was also associated 
with a higher risk of overweight and 
obesity in later years. Furthermore, 
BMI gain over the 18 months following 
term gestation was correlated with an 
increased risk of later overweight and 
obesity, with less apparent benefit for 
IQ (Belfort et al. 2013).

 Preterm infant growth can be 
optimised with appropriate nutritional 
practices, reducing the risk of non-
communicable diseases. Implementing 
Quality Improvement practices 
in neonatal care, including early 
parenteral nutrition, structured feeding 
protocols, and a multidisciplinary 
nutrition team, can help to ensure 
premature infants receive the essential 
nutrients that they need to thrive. 
Fortification of breast milk and care 
should be aimed to deliver nutrient 
intakes in line with internationally 
recognised recommendations, with a 
mean protein intake of 3.7 g/kg/day 
during the first 2 weeks of life (Andrews 
et al. 2019). Ensuring optimal growth 
trajectories with proper nutrition and 
monitoring will mitigate the double 
burden of malnutrition that could 
impact later health.

Complementary Feeding

As infants grow and become more 
active beyond their initial 6 months 
of life, the inadequacy of exclusive 
breastfeeding in meeting their 
nutritional needs becomes evident. 
This nutritional gap widens as infants 
and young children age (Dewey 
2001; World Health Organisation & 
United Nations Children’s Fund 2003). 
Complementary feeding plays a vital 
role in addressing this gap. However, 
inadequate complementary feeding 
practices can lead to adverse effects 
on the growth of infants and young 
children, resulting in delayed motor 
and cognitive development, nutrient 
deficiencies, and malnutrition (Bhutta 
et al. 2013).
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 Complementary feeding is the 
process that begins when breast milk 
or infant formula alone can no longer 
meet the nutritional requirements of 
infants, necessitating the introduction 
of other foods and liquids alongside 
breast milk or a suitable breast-
milk substitute (World Health 
Organisation 2002). The World Health 
Organisation (WHO) recommends 
exclusive breastfeeding until the age 
of 6 months, after which breastfeeding 
should continue alongside the 
timely introduction of appropriate 
complementary foods (World Health 
Organisation 2002). Delaying the 
introduction of complementary 
feeding increases the risk of energy 
and nutrient deficiencies and does 
not prevent allergies. Conversely, 
introducing them too early can risk 
overnutrition and nutrient imbalances 
(Muraro et al. 2014).
 In 2020, malnutrition remained a 
significant global issue among children 
under the age of 5, characterised by a 
dual burden, with 22% experienced 
stunting, and 6.7% faced wasting 
(Food and Agriculture Organisation 
2022). According to the National 
Health and Morbidity Survey 2022, 
Malaysia has seen a concerning 
increase in rates of child malnutrition, 
with all three categories experiencing 
a rise. Stunting now affects 21.8% of 
children, compared to 17.7% in 2015; 
wasting has increased to 9.4% from 
8.1% in 2015; and underweight has 
risen to 14.1% from 12.4% in 2015. 
In reviewing the hospital records over 
a span of two years (2019 and 2020) 
at the Hospital Canselor Tuanku 
Muhriz , it was observed that children 

attending the paediatric clinics 
exhibited high prevalence rates for 
wasting, underweight, and stunting, 
standing at 33.2%, 20.9%, and 15.6%, 
respectively. Notably, children born 
preterm or with low birth weight 
faced an even greater risk. Childhood 
overnutrition, on the other hand, 
characterised by overweight or obesity, 
surged from 4.2% in 1990 to 6.7% in 
2010 worldwide (Ng et al. 2014).
 A UNICEF review highlighted 
the pressing need for changes and 
adjustments in complementary 
feeding practices. Several issues are 
shaping the nutritional landscape for 
infants and young children (United 
Nations Children’s Fund 2020). 
Notably, there is increasing evidence 
about the importance of the first 1,000 
days of life, where factors like the gut 
microbiome are influenced by diet 
and the type and timing of introducing 
complementary feeding play a crucial 
role (United Nations Children’s Fund 
2019). Impact of climate change on 
food production and the potential 
risks associated with the increased 
consumption of highly processed, 
nutrient-poor foods raise further 
concerns. Moreover, ultra-processed 
foods are often high in calories but 
lacking in essential nutrients for 
children (Binns & Low 2019; Popkin et 
al. 2020).
 Another worrisome trend highlighted 
by the review is the rising rate of 
obesity in the Asia Pacific Region. 
In Malaysia, obesity rates among 
children have reached alarming levels 
at 14.8% (Ministry of Health Malaysia 
2019). The review also shed light on 
the increasing rate of food allergies, 
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influenced by factors like antibiotic 
use, C-section deliveries, and reliance 
on formula feeds (Feehley et al. 2019; 
Sicherer et al. 2017). Importantly, the 
review emphasised that delaying the 
introduction of complementary foods 
does not prevent allergies and points 
to a concerning loss of interest in 
preserving food culture, with the allure 
of commercial infant and baby food 
(Binns et al. 2020).
 The insight provided by the Asia 
Pacific Academic Consortium for 
Public Health (APACPH), Public Health 
Nutrition Group highlights prevalent 
micronutrient deficiencies in Southeast 
Asia and their significant impact on 
public health. Strategies to address 
these deficiencies include, having 
meat in infant diet, iodine fortification 
program through the distribution of 
iodised salt, and promoting dietary 
diversity to ensure adequate intake of 
vitamins A and D, and calcium. Dietary 
diversity, achieved by including at 
least four out of seven food groups, 
plays a crucial role in complementary 
feeding. These groups encompass 
grains,  legumes, dairy products, 
flesh foods, eggs, vitamin A-rich 
fruits and vegetables, and other fruits 
and vegetables. Promoting dietary 
diversity not only leads to a balanced 
nutrient intake but also helps to reduce 
exposure to toxins and lower the risk of 
allergies (Binns et al. 2020).
 Iron and iodine deficiencies are 
prominent public health challenges, 
and numerous studies have been 
conducted to investigate screening and 
supplementation strategies for these 
essential micronutrients. Anaemia, 
primarily caused by iron deficiency, 

remains a significant concern. To 
address this issue, the AAP in 2010 
recommended universal screening for 
anaemia by assessing haemoglobin 
(Hb) concentration at around one year 
of age (Baker et al. 2010). However, the 
UK National Screening Committee (UK 
NSC) in 2017 did not propose specific 
guidelines for the supplementation or 
screening of iron deficiency anaemia 
in children under five years old (UK 
National Screening Committee 2017). 
In terms of iron supplementation, AAP’s 
2010 guidelines suggest commencing 
iron supplementation at a dosage of 1 
mg/kg per day in breastfed infants at 
four months of age, continuing until 
iron-rich complementary foods are 
incorporated into the diet. Alternatively, 
the World Health Organisation (WHO) 
in 2016 advises daily supplementation 
of 10-12.5 mg of elemental iron in 
infants and young children aged six to 
twenty-three months in regions where 
anaemia prevalence exceeds 40% 
(World Health Organisation 2016).
 Moving on to iodine, the WHO in 
2007 outlined recommendations for 
iodine supplementation in children 
under two years of age. In areas with 
consistent salt iodisation programs, 
additional iodine supplementation 
is unnecessary. However, in regions 
with uneven distribution of iodised 
salt, specific guidelines are provided 
based on age groups. For infants aged 
0-6 months, WHO recommends 
daily iodine supplementation of 250 
mcg for lactating mothers who are 
exclusively breastfeeding infants. 
For infants aged 7-24 months, daily 
iodine supplementation of 250 mcg 
for lactating mothers who continue to 



294

Med & Health Dec 2023;18(2): 279-299 Choong Z.C. & Cheah F.C. 

breastfeed, along with the inclusion of 
iodine-fortified complementary foods, 
is advised (World Health Organisation 
2014).
 The APACPH Public Health 
Nutrition Group identifies significant 
barriers to achieving appropriate 
infant and young child nutrition in 
Southeast Asia. Challenges include 
issues of marketing and promotion 
of breast milk substitutes, the rather 
relentless promotion of commercial 
infant foods with high levels of salt 
and sugar and yet lacking in diversity 
of tastes and textures, the popularity 
of unhealthy squeeze-pack foods 
and sugar-sweetened beverages, 
concerns about food contamination, 
nonresponsive feeding practices, 
inappropriate misleading advice from 
family and friends, and a lack of 
correct professional support (Binns et 
al. 2020).

CONCLUSION

In conclusion, the first 1000 days of 
life, spanning from conception to a 
child’s second birthday, represents 
a crucial developmental phase that 
forms the basis for lifelong health and 
well-being. The significance of this 
period cannot be emphasised enough, 
and as discussed in this review, some 
fundamental best practice guidelines 
when implemented, may potentially 
modulate the outcomes for the infants 
and even the mothers themselves.
 To enhance maternal nutrition, 
review of current guidelines should 
be considered for best practices, 
especially in recommended 
maternal energy consumption during 

pregnancy. Additionally, other than 
just implementing, effective folic acid- 
and iron-fortified wheat flour also may 
address micronutrition deficiencies 
in pregnant mothers. To combat iron 
deficiency issues, measures include, 
(i) delayed cord clamping should 
be implemented as the standard 
of practice for all uncomplicated 
deliveries nationwide; (ii) initiate iron 
supplementation for healthy term fully 
breastfed infants at 4 months, and/or 
conduct infant population screening 
for anaemia. Furthermore, vitamin D 
supplementation of 400 IU for fully 
breastfed infants is recommended. A 
comprehensive review of the universal 
salt iodisation programme, especially in 
regions like Sarawak, with a reference 
to maternal iodine supplementation, to 
address any loopholes and bridge the 
gaps.
 When it comes to complementary 
feeding, introduction of solids may 
need to be advanced earlier at four 
months, especially in exclusively 
breastfeeding infants in a population 
with a high rate of iron deficiency 
anaemia in early childhood. Dietary 
advice at maternal child health and 
paediatric clinics should include 
suggested menu preparations on a 
diverse selection of four commonly 
available food groups, which are also 
culturally acceptable in our local 
population.
 Promoting breast milk feeding 
must be continued and further 
enhanced, particularly in feeding the 
preterm and low birth weight infants. 
Initiatives like the EHMD and the 
establishment of local human milk 
banks will significantly improve infant 
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nutrition and outcomes. Additionally, 
personalised nutrition interventions 
and the fortification of breast milk 
may help to tailor growth optimisation 
to the unique requirements of the 
individual infant, and possibly even in 
catering for gender-specific nutritional 
considerations. Future large multi-
centre trials are needed to confirm if 
nutritional recommendations need to 
tailor to an individualised and gender-
specific approach.
 The commitment, engagement, and 
regulation of industries play pivotal 
roles in ensuring optimal nutrition 
delivery in the first 1000 days. Ensuring 
responsibility in knowledge sharing 
is vital for promoting a “nutrition-
savvy” community. Supermarkets 
and groceries should feature 
recommended foods for pregnancy, 
lactation, and complementary 
feeding, with the regular monitoring 
by the Ministry of Health’s nutrition 
division or any authorised bodies. 
Implementing measures with clear 
labelling, such as “This particular 
food is not recommended if you are 
pregnant,” and advisory statements 
like “Breast milk is best; consume 
this formula only as a substitute if 
prescribed or medically indicated,” 
can be effective. Furthermore, the way 
breast milk substitutes are marketed 
should be closely monitored, with 
every claim meticulously vetted by a 
special media regulatory body. The 
addition of more nutrients, which are 
not yet recommended as the standard 
of care, should not justify a premium 
status that demands higher pricing 
for these substitutes. “Growing up 
formula” should be rebranded for 

special indications and not positioned 
as a replacement for complementary 
feeding.
 Finally, it is hoped that all the 
stakeholders involved in the maternal 
and child nutrition may work together 
to significantly contribute to the health 
and well-being of both mother and 
infant pairs during this critical 1000-day 
period for a better future generation of 
this nation.
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