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Figure 1 
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Brain development
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Brain and neurocognitive development
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Brain development time line
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Nutrients: Brain and neuronal development
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M. A. Hanson , P. D. Gluckman, 2014

What is the best time to intervene and prevent 

disease ?
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The Power of  Early Intervention
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Multigenerational exposure to an 
environmental effect. 

An environmental insult
during pregnancy to a
mother (F0 generation)
might affect not only the
future child (F1
generation) but also the
germ cells which will go
on to form the F2
generation.

Amanda J. Drake, Lincoln Liu,
Intergenerational transmission of programmed effects: public health consequences,
Trends in Endocrinology & Metabolism, Volume 21, Issue 4, 2010, 18
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Mechanisms for the 
intergenerational transmission 
of  programming effects.

(a) Persistence of an adverse external 
environment can result in the 
reproduction of the phenotype in 
multiple generations.

(b) The induction of programmed 
effects in the F1 results in 
programmed effects on the developing 
future child (F2) and so on.
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Increasing rate of  overweight and obesity
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Increasing trend of  sedentariness
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Depression on the rise!
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Stressful life, obesity & diabetes

SA Norris et al., 2014 High cost of living

Sedentary lifestyle
High carbohydrate 

consumption

Stressful pace of daily life

Poor health literacy

Obesity and Diabetes
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Did we learn from research published in year 1996?
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Distribution of male height in the examined areas
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Correlation between male height in 93 countries and

the average daily consumption of  total protein 

(FAOSTAT, 1993–2009).
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Correlation between male height in
93 countries and the average daily 

consumption of ‘highly correlated 
proteins’ from milk products (dairy), 
potatoes, eggs, pork and beef 
(FAOSTAT, 1993–2009).

Correlation between male height in 93 countries and 
the average daily consumption of protein from 
wheat and rice (FAOSTAT, 1993–2009).
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Trends in the 
consumption 
of animal protein in 
14 countries between 
1961 and 2011, 
compared with 
the Netherlands. 
Source: FAOSTAT,
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3 nutrition styles

1. The first nutritional style (in tropical Asia) is based on rice and is also characterized
by a very low consumption of protein and energy. It is accompanied by very small
statures between 162 and 168 cm.

2. The second one (in the Muslim countries of North Africa and the Near East) is
based on wheat and the consumption of plant protein reaches the highest values
in the world. The intake of total protein and total energy is relatively high as well
and comparable with Europe, but the average height of young males is still rather
short and does not exceed 174 cm.

3. The third one is based on animal proteins (particularly those from dairy) and is
typical of Northern/Central Europe. This region is characterized by the tallest
statures in the world (>180 cm), being matched only by the inhabitants of the
Western Balkans, in which we can presume extraordinary genetic predispositions
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Serum arginine levels are lower in 
stunted children2,3

Adapted from Semba RD, et al. 2016 (suppl)3

p=0.0003

Amino acids are essential for linear growth1

• Protein intake has a dose-dependent physiological role in the linear growth of healthy children.1 Stunted children were 
observed to have significantly lower serum concentrations of conditionally essential amino acids (e.g. arginine, glycine and 
glutamine) and non-essential amino acids when compared with non-stunted children.2,3

*Rats in the control group received saline (10 mL/kg/day) for 28 days; Rats in the intervention group received arginine dissolved in water (0.045 g L-arginine was mixed with 1 mL 
water) (10 mL/kg/day) for 28 days
Akt, protein kinase B; GH, growth hormone; IGF-I, insulin-like growth factor I; JAK-STAT, Janus kinase-signal transducer and activator of transcription; mTOR, mammalian target of 
rapamycin; 
PI3K, phosphatidylinositol 3-kinase
1. van Vught AJAH, et al. Br J Nutr 2013;109:1031-1039. 2. Semba RD, et al. EBioMedicine 2016;6:246-252. 3. Semba RD, et al. EBioMedicine 2016;6(suppl):246-252. 4. Oh HS, et al. 
Food Sci Biotechnol 2017;26(6):1749–1754. 5. Jiang MU and Cai DP. Neurosci Bull 2011;27:156-162.

▴Arginine, in particular, has been associated with the 
increased secretion of GH and IGF-I.4

• GH activates the JAK-STAT pathway to 
induce IGF-1 synthesis.4

• IGF-I activates the PI3K/Akt/mTOR 
signalling axis and promotes cellular 
growth in bones.4
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Arginine increases width of 
growth plate in the rat tibia*,5

Adapted from Jiang MU, and Cai DP. 20114
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Arginine promotes growth in children

Serum arginine level are lower in stunted children27 Arginine consumption was associated with increased growth 
velocity in children26

• Children† with an arginine intake between 2.8 and 3.2 g/day grew 0.33 cm/year faster compared with those whose arginine 
intake was <2.2 g/day.26
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†Data collected from the Copenhagen School Child Intervention (n=261, age 7-13 years) – association between arginine intake and growth velocity 
was evaluated (adjusted for sex, age, baseline height, energy intake and puberty stage) at the 7-year follow-up.

26. van Vught AJAH, et al. Br J Nutr 2013;109:1031-1039. 27. Semba RD, et al. EBioMedicine 2016;6(Suppl):246-252.

Adapted from Semba RD, et al. EBioMedicine 2016 Adapted from van Vught AJAH, et al. Br J Nutr 2013
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Arginine increases width of growth plate in the tibia28

• Oral arginine supplement 
may promote linear growth 
of long bones through the 
induction of growth 
hormone secretion.28

• When orally administered in 
pubertal rats, arginine 
significantly increased 
serum growth hormone 
concentration versus the 
control group (p=0.015).28

*Rats in the control group received saline (10 mL/kg/day) for 28 days; Rats in the intervention group received arginine dissolved in water (0.045 g L-
arginine was mixed with 1 mL water) (10 mL/kg/day) for 28 days.

28. Jiang MU and Cai DP. Neurosci Bull 2011;27:156-162.

Adapted from Jiang MU, and Cai DP. Neurosci Bull 2011

12% 
increase
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Nutrients that contribute to growth promotion  
• Other nutrients, such as vitamins, also play a role in promoting growth.

RANKL, receptor activator of nuclear factor kappa-B ligand 

Akbari S and Rasouli-Ghahroudi AA, Biomed Res Int 2018;2018:4629383. 2. Schurgers LJ, et al. Blood 2007;109:3279-3283.

▪ Vitamin K2, for example, supports bone formation and 
suppresses bone resorption.1

▴This is through osteoprotegerin
stimulation and RANKL inhibition 
on osteoblasts/osteoclasts.1
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• Vitamin K activates osteocalcin, 
the second most abundant 
protein in bone tissue after 
collagen.21

• Osteocalcins are produced by 
osteoblasts and support bone 
building by facilitating calcium 
transportation to the bone.21

• Osteocalcins serve as a 
biomarker for the bone 
formation process.

Activation of osteocalcin by vitamin K

Inactive osteocalcin

21. Van Summeren M, et al. Pediatr 2007;61:366-370. 22. Schurgers LJ, et al. Blood 2007;109:3279-3283. 29. Eapen E, et al. EJIFCC
2008;19:123-136.
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x2 
increase

Better vitamin K status is associated with improved bone health22

The ratio of ucOC/cOC in children is more than 2 times 
higher than that in adults, suggesting a poor vitamin K 

status of growing bone.21

cOC, carboxylated osteocalcin; ucOC, undercarboxylated osteocalcin; OD, once daily

21. Van Summeren M, et al. Pediatr 2007;61:366-370. 22. Schurgers LJ, et al. Blood 2007;109:3279-3283.

From October 2003 to January 2004, 86 healthy children (aged 3–18 years) 
and 30 healthy adults (aged 25–35 years) were recruited.

In adults, vitamin K₂ induced osteocalcin carboxylation 
within the first 3 days and this effect continued in an 

upward trend until the end of the study period.22

18 healthy volunteers (aged 25–35 years) were randomised to consume 
vitamin K₂ and vitamin K₁ (OD after meal) for 6 weeks, with a wash-out 

period of 12 weeks

Graph adapted from van Summeren et al. Pediatr Res 2007 Graph extracted from Schurgers LJ, et al. Blood 2007
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Take home message

1. Nutritional status of children and adolescents in Malaysia need to 
be improved.

2. In general, nutrition plays an important role in brain development 
and growth.

3. Adequate intake of amino acids and bone nutrients may improve 
bone health and growth promotion.

4. Each and everyone of us has a huge responsibility to help ensure a 
healthy future generation in Malaysia.
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RPA 1 : Maternal& Young Child Nutrition

Point D

To develop and strengthen strategies/

programmes/ policies on maternal and 

young child nutrition.



Thank You…
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