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Highlights 

• Brain famine results from shortage of nutrients required for brain development. 

• Brain disorders, seldom listed among NCDs, tops the global burden of disease. 

• Enduring balanced supply of brain supportive foods should be a global priority. 

• Equity and equality come together in properly nourishing mothers and babies. 

 

Abstract 

In celebration of the centenary of the National Institute of Nutrition (NIN), Hyderabad, India (1918-
2018), a symposium highlighted the progress in nutrition knowledge made over the century, as 
well as major gaps in implementation of that knowledge.  Brain famine caused by a shortage of 
nutrients required for perinatal brain development has unfortunately become a global reality, even 
as protein-calorie famine was largely averted by the development of high yield crops.  While 
malnutrition remains widespread, the neglect of global food policies that support brain 
development and maintenance are most alarming. Brain disorders now top the list of the global 
burden of disease, even with obesity rising throughout the world.  Neurocognitive health, 
remarkably, is seldom listed among the non-communicable diseases (NCDs) and is therefore 
seldom considered as a component of food policy.  Most notably, the health of mothers before 
conception and through pregnancy as mediated by proper nutrition has been neglected by the 
current focus on early death in non-neurocognitive NCDs, thereby compromising intellectual 
development of the ensuing generations.  Foods with balanced essential fatty acids and ample 
absorbable micronutrients are plentiful for populations with access to shore-based foods, but 
deficient only a few kilometres away from the sea.  Sustained access to brain supportive foods is 
a priority for India and throughout the world to enable each child to develop to their intellectual 
potential, and support a prosperous, just, and peaceful world. Nutrition education and food policy 
should place the nutritional requirements for the brain on top of the list of priorities.   
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Introduction 

Humans are the large land-based animal that evolved with an outsized brain.  Human nutrition is 
special because of the remarkable demands of the big brain for building blocks and energy [1].  
The dramatic increase in the World population over the last century is enabled by the stunning 
increase in calories and protein to grow and maintain brawn, with little concern to support brains. 
Food production emphasizing inexpensive commodities, especially calorie-rich grains and 
intensively produced animal foods, deliver altered nutrient profiles compared to nutrient-rich wild 
traditional foods.  Manifestation of nutrient deficiency in the most complex and sensitive organ, 
the brain, is seen in the rise of mental ill-health and dropping world IQ [2, 3].   

India’s National Institute of Nutrition (NIN) was founded by Sir Robert McCarrison in 1918 as ‘Beri-
Beri’ Enquiry Unit in a single room laboratory at the Pasteur Institute, Coonoor, Tamil Nadu [4, 5].  
McCarrison was a major-general and a doctor in the British Army. He had been deeply concerned 
at the health state of the population in the cities. When posted to Coonoor, a small settlement at 
1,850 m above sea level in the South West of India, he was impressed by the health of the people. 
This led him to experimentally compare the diet of the people of Coonoor with those of the cities. 
The experiments conducted by Sir Robert McCarrison must rank as one of the most important 
studies in nutrition ever done [6, 7]. You could not repeat these experiments today because 
laboratory rats are genetically identical, to minimize variability for researcher. With the full 
complement of genetic variability in wild mice, he reproduced the variety of health disorders seen 
in the city population – not just one disease but a cluster thrown up by the individual-to-individual 
variation in genetic susceptibility [8]. This is what we see today. In Chennai, New Delhi, Kolkata, 
Mumbai or other Urban areas in India we see the double-edged morbidity from Western over-
consumption, side by side with stunting and inadequacies of malnourishment [9-11].   
 
When the NIN in India, was formed in 1918, end of world war one (WW I) the war to end all wars 
had come to its end. The pioneering work leading to the emergence of NIN in India demonstrated 
a truth for all time. Sir Robert McCarrison, the first director, and his co-workers, showed that a 
‘bad’ diet resulted in not just one disease or disorder, but a cluster of them. The experimental and 
observational work concluded that a ’good’ diet came from “the unsophisticated foods of Nature”. 
Departure from this diet led to disease and disorder [12]. 
 
To this day we do not have a better description of real balanced diet.  The principles of essential 
nutrients were worked out in the 20th century focused on multigenerational survival in experimental 
animals, mostly rodents, that do not rely on higher order mental function [13].  The interplay of 
components of whole foods was lost with the success of the purified rodent diet intended to 
support life without frank deficiency but ignores health [14] and in this sense knowledge of nutrition 
is incomplete.  At the same time, the food industry with the nominally laudable goal of providing 
inexpensive food, ignored brain health as agriculture intensified and the full measure of nutrients, 
many that reduce shelf life, were purged from the food supply.  Modern dieticians recognize the 
concept of dietary patterns, meant to convey that it is the totality of the diet’s composition that 
determines well-being. 
 
Human evolution started with the separation from the great apes some 5-7 million years ago. The 
human genome is only 1.24% different from that of the chimpanzee [15], highlighting that our 
physiology is adapted to wild foods, an uncompromising truth. In particular, the diet that brought 
us into being was one which drove encephalization from the modest 340g brain, of our closest 
relative, the chimpanzee, to the 1,450g of the Herto hominins at least 160,000 years ago [16, 17]. 
The conditions that led to the brain expansion must have included nutrients surfeit for the unique 
requirements of neural tissue. 
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An abundance of brain selective nutrients in the shore based diet [18] affected neural gene 
expression [19] and provided the structural lipids to support neural development of the expanding 
brain. Equipped with a balance of the best from land and sea the nutrition of the women would 
have led to epigenetic and genetic enhancement of brain size and function, generation after 
generation leading to humanity.  Here we emphasize adequate dietary source of specific brain 
selective nutrients are needed for the proper maintenance of brain structure and function.   

The current notion of a balanced diet is based on present day practice. This is a weak notion. For 
a start, it does not care for the special needs of the brain. The evidence today is that our present 
diet fails the test. Mental ill-health has been escalating, and since the 1970s, measures of 
intelligence have been falling [3]. The dramatic rise in mental health issues in the recent COVID-
19 pandemic reflects fragility rather than resilience.  The message from the NIN has been lost 
and must be rediscovered.   
 
Nutrition and Hope 
The time of the formation of the NIN was a period of great discoveries in nutrition. The 
understanding of the function of essential amino acids and vitamins with molecular assessment 
and chemical synthesis as proof of function, unlocked a new, nutritional panorama for the 
conquest of malnutrition and its consequences in wasting and death or lifelong disabilities. The 
triumph over terminal, pernicious anemia with a dose of liver [20], the discovery of insulin [21] and 
other hormones raised hope to a new level where infectious and nutritional disorders would 
become past history. Barely 20 years later, that hope at the end of the 1914-18 WW I was lost.  
 
However, World War Two (WW II) saw rapid advances in the public health policies and 
technologies. Nutritional advances also came from the public health perspective introduced by a 
professor of biochemistry – Jack Drummond who was commandeered to lead UK food policy. 
With support from Hugh Sinclair, Elsie Widdowson, Sir Robert McCarrison and others, he 
transformed policy to include universal education in the form of the Radio Doctor [22] and food 
policy with as close an approximation to Sir Robert’s unsophisticated foods of Nature. Every 
pregnant woman and those with infants and children, had cod liver oil, orange juice and milk 
delivered free to their front door by the Milk Man. When rationing came, sugar, confectionaries, 
ham, meat and butter were included. Fish and sea foods were never rationed. The objective was 
nutrition and health and it worked. The pre-war rise in death from heart disease faltered during 
the war. Misguidedly, Drummond’s policy was abandoned after the war. Policy changed to 
extensive production, food became debased (e.g. [23, 24]) and mortality began to rise again. 
Interventions eventually succeeded in reducing mortality, but we now have obesity, type 2 
diabetes (T2D) leading to dementia and a return of cardiovascular mortality and stroke with 
decline in longevity. More worrying, the cost of mental ill-health has been rising, which we will 
return to later. 
 
Genomic Centralism and Nutritional Minimalism 
When WW II ended, hope was then re-ignited with the identification of the double helical structure 
of DNA and deciphering of the genetic code by Watson, Crick and Rosalind Franklin [25]. DNA 
with its four-letter code, led to an era of great excitement in the boundless hope of identifying a 
gene which can cause a particular disorder. Once identified it could be corrected.   
 
The key to this particular hope was Crick’s central dogma which stated that once ‘information’ has 
passed into protein it cannot get out again. More colloquially it says that information goes from 
DNA to protein and never the reverse. The nature versus nurture argument was apparently 
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settled. A health problem? Find the DNA code and all will be sorted, clearly proteins regulate DNA 
beyond just epigenetics. 
 
But was Crick correct? Life began on this planet, about three and a half billion years ago or so. 
Time passed and after five sixths of the span of life, the oxygen tension rose to make air-breathing 
animal life thermodynamically possible.  This climate change led to the Cambrian Explosion when 
all phyla known today came into existence [26]. That monumental event flatly contradicts the 
central dogma. Let us not belittle the significance of DNA. It is like decoding God’s Enigma 
Machine. At the same time money has poured into genomic-centred science, and it has arisen 
with little attention to the converse of the dogma: the reverse. The converse with the 1918 NIN 
message was swept aside. 
 
In the modern era, the central dogma fell in part due to the work of Barbara McClintock 
establishing that "...the action of genes had to be and was controlled." [27] Information does flow 
from the external to DNA. In recent years molecular details of epigenetics have emerged. We now 
know environmental or nutritional conditions can alter the way DNA behaves without changing 
the basic genetic code [28], switching genes on or off. This has profound implications for health. 
It explains the rise in death from heart disease as a rarity in 1900 to become the no. 1 killer by 
1960 [29], the striking contrast in disease pattern between Japan and the USA or East Africa and 
Europe. Much data now illustrates the effect of various nutrients on gene expression and of 
particular interest here is the effect of docosahexaenoic acid (DHA) on upregulation of genes in 
the brain which is apparent without changing membrane composition [19, 30].  Crick’s Dogma is 
odd because at that time it was already known that certain nutrients caused “enzyme induction”, 
i.e. a substrate could turn on synthesis [31]. Enzyme induction had to mean an influence on gene 
expression. 
 
Epigenetics explains the situation in the Gulf States, which have risen from a seafaring and desert 
food culture to be, in just two generations, the world leader of T2D with the predictable follow-on 
of early dementia [32, 33]. It explains the globalization of the modern Western food system and 
with it, side by side, the Western disease pattern is now being seen in Beijing, Lanzhou, Harbin 
and Shanghai as well as Mumbai, New Delhi and Kolkata, not to mention Rio de Janeiro. These 
are but a few of the places around the world where supermarkets are full of Western, often 
subsidized foodstuffs, convenience foods.  The sale of these products of intensive food production 
for cheap foods comes with the knowledge that it is changing cultures and exporting non-
communicable disease.  The moral right of expansion of such foods to basal commodities rather 
than occasional indulgences seems never to have been questioned. 
Interestingly, over a century and a half before, in 1859, Darwin had understood this fallacy. He 
had recognized two forces within his concept of ‘natural selection’: which was to be misinterpreted 
within a few years of his death in 1882. 
 
The first of Darwin’s two forces consisted of the power of the ‘natural forces’ of the environment 
– sometimes known as ‘the impact energies’ … climate, temperature, light and dark, the quality 
of soil and nutrition - i.e. the chemistry and physics of the natural environment – thus ‘natural’: 
the second force being the ‘selection’ of those species which were ‘best-fitted’ to this matrix of 
the specific environmental conditions, as they, of course, would thrive best by adapting best, or 
through epigenetics, being adapted to their own specific conditions – thus ‘best-fitted’. Of the 
two forces, he wrote: the latter [the conditions] was the most powerful [34] (for clarification see 
the last paragraph of chapter 6 in all editions of the Origins of Species.)  
 
However, Darwin's concern with the “conditions of existence”, was swept aside in the so-called 
‘neo-Darwinism’ of August Weismann which removed all considerations for environmental 



6 
 

factors [35].  Weismann cut the tails off nine generations of mice and when the following 
generations grew tails, declared that the conditions of existence had failed and claimed: “the all-
sufficiency of natural selection” [36].  Darwin’s conditions of existence were considered too 
Lamarckian. The influence of Darwin’s conditions of existence – what he once termed 
pangenesis, is what is now collectively known as epigenetics [37].   
 
This was a mistake which sadly has been perpetuated.  Nutrition is the major environmental 
influence.  As with Darwin’s full message, the founding message of the NIN was also lost.   
 
Global Interest in the Brain is Lacking 
The World Health Organization (WHO) has been concerned with infectious diseases as has the 
International Rotary Club with the aim of eradicating polio. At the same time heart disease and 
cancer was killing and maiming more people than HIV, malaria, measles, polio and tuberculosis 
combined. The world has changed in less than a century. 
 
The WHO has now come up with a clarion call to deal with non-communicable diseases (NCDs). 
“The WHO Global Coordination Mechanism on prevention and control of NCDs (GCM/NCD) was 
established by the WHO Director-General on 15 September 2014. The scope and purpose of the 
GCM/NCD is to enhance the coordination of activities, multi-stakeholder engagement and action 
across sectors in order to contribute to the implementation of the WHO Global NCD Action Plan 
2013–2020.” The WHO website explains [38]: “The 4 main types of non-communicable diseases 
are cardiovascular diseases (like heart attacks and stroke), cancers, chronic respiratory diseases 
(such as chronic obstructive pulmonary disease and asthma) and diabetes.” 
 
The brain is missing from the list. This oversight is not surprising as despite the fact that it is the 
brain which makes us who we are, the brain is consistently omitted from health considerations. 
On the one hand, it is held in awe but on the other, taken for granted. Its disorders, most 
commonly, are mistakenly stigmatized. Mental problems are seen as a consequence of lack of 
parental care, abuse, or some form of disturbing experience in the person’s early years. In any of 
these cases, the individual is seen as a ‘sad case’ often to be blamed for failing to overcome the 
problem, whatever it was, or for a lack of moral fibre. The biological basis seems to have been 
ignored. A sickness of the skin, kidneys or liver can be readily identified as biological in origin 
despite having different signs. Sickness of the brain is somehow another matter.  Fortunately, this 
attitude is now changing, and the biological origin of brain ill-health is now being recognized: not 
before time as mental ill-health is now escalating. 
 
The steepest rise in mental ill health is in young children drawing in clinical attention to 
interventions [39].  In 1972 it was predicted that brain disorders would rise following on the rise in 
death from the heart disease [40].  The review of the book in the UK newspaper Sunday Times 
by Graham Rose (5th November 1972) made the gravity of the prediction clear. The prediction 
was based on  

(i) the evidence considered to exist between, dietary fats and cardio-vascular disease. 
Such evidence as there was referred only to non-essential fatty acids and neglected 
the positive role of essential fats,  

(ii) The dependence of brain development on prior vascular development, first in the 
placenta and then the fetus. The implication was that vascular disease would have to 
affect vascular performance in nourishing the fetus where brain development and 
growth is the priority,  

(iii) The similarity of nutritional requirements for specialized dietary fats for brain and 
vascular development and function.  However, the brain cell development largely takes 
place before birth and is consequently better protected than the vascular system which 
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continues to grow into adulthood. That prediction has been fulfilled with brain disorders 
having now overtaken all other burdens on ill health in the UK and in the 27-member 
states of the EU, and  

(iv) The dependence of the brain on a highly conserved profile of essential fatty acid 
derivatives which is significant to the story of evolution. 

 
One in five adults in US are reported to live with mental illness in 2019, prior to the pandemic [41]; 
the number of 197·3 million in India suffer from mental disorders in 2017 is of the same order, 
double digit percentage of population [42]. 
 
It is worth noting that, in the 1970s the concept of maternal nutrition, low birth weight and adverse 
outcomes in learning and behavior were not new topics. A book by Birch and Gussow published 
in 1970 spelt out the risks [43]. Only a decade later saw the Black Report in the UK seeking action 
on low birthweight and pregnancy outcomes [44]. Lack of action saw another report by Sir Donald 
Acheson [45]. Today the prevalence of low birthweight and preterm birth in the UK, has if anything 
increased.  
 
The European Union carried out an audit of the costs of health. The report published in 2005 
claimed brain disorders to have overtaken the cost of other burdens of ill health [46].   In 2007, Dr 
Jo Nurse, a division head within the Department of Health (DoH) of the UK, estimated the cost of 
ill-health in the UK, and found that mental ill-health cost £77 billion in 2007: this was a cost greater 
than two of the WHO’s NCDs combined, namely cancer and heart disease [47]. 
 
Scepticism arose based on the claim that the high cost was due to new diagnostics.  The EU re-
assessed the cost in 2010 at 789 billion Euros.  Dr Nurse did the same for the UK and found to 
be £105 billion in 2010.  Independent analysis (Wellcome Trust web site) assessed the cost at 
£113 billion in 2013. Simon House, a trustee of the Mother and Child Foundation (UK), suggests 
these to be underestimates as violence was not included in the cost [48, 49]. Nor for that matter 
was cerebral palsy [48-50]. 
 
Earlier, Lord Rea of Eskdale (UK), co-coordinated and chaired a consultation on nutrition and 
mental health. They identified gaps in preventive research. The report refers to a Cochrane review 
by Lim et al in 2006 [51] which could not identify a single Randomized Clinical Trial (RCT) on ω3, 
in the dementias, despite the knowledge on their requirement for brain structure and function 
having been available since the 1970s.  Lord Rea’s report recommended that “Because of the 
major potential benefit for the fields of education, crime, health and wellbeing of vulnerable 
sections of society, we believe more research is urgently needed in the area of nutrition and 
behaviour”. 
 
It is astonishing, but hardly surprising given the history, that brain disorders are not in the WHO 
list of Non-Communicable Diseases. Make no mistake, the WHO is deeply concerned about 
mental ill-health and has a division devoted to it. But why this problem is not included in the NCDs 
is a mystery, although the stigma attached to disorders of the brain could be a relevant factor. 
Entailing the highest cost to health services and the community, it deserves to be up there with 
the other NCDs in the list of global priorities.  Moreover, the fact that the prevalence of mental ill-
health is increasing should be setting alarm bells ringing. If the primary organ which distinguishes 
us from the great apes is disintegrating, the future worldwide mental ill-health burden weighs 
heavily on societies and economies. That again is an elemental truth. One would have thought 
this was sufficient reason to put brain disorders at the top of the list. They should be included in 
WHO’s priority list of NCDs. 
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Eyewitness to Brain nutrition not a Part of Food Policy?  
No government has a food and agricultural policy which prioritizes the brain.  Most readers will be 
aware that protein is regarded as most important. Indeed, food policy is all to do with protein and 
calories. An all too typical declaration is striking because it was made at the world’s major food 
policy institute.  At a meeting of the Food and Agricultural Organization of the United Nations, in 
its Headquarters in Rome, admittedly, in the early 1990s, the plight of the oceans was being 
discussed. A representative of the World Bank declared that the problem of the fish catches 
reaching its limit was not of real concern because people could get protein from other sources. 
That view reflects a common, dangerous misconception and a state of ignorance. David E Marsh 
attended meetings on the Foresight implications to the future food and agriculture.  He raised the 
issue of the importance of the marine food web for brain lipids and the potential of farming the 
sea as is being done in Japan. On both occasions his comments were dismissed. Amongst other 
negative responses, it was claimed the oceans would anyway be polluted by 2034. The FDA in 
the USA has warned pregnant women to restrict fish and sea food intakes during pregnancy 
because of the threat of neurotoxicity from the mercury content. This, despite a paper describing 
significant benefits to verbal IQ, behavioural and social scores of children born to mothers who 
ate fish and sea foods well in excess of the 12 ounces (2 average meals) a week from the FDA 
recommendation [52].  Astonishingly, the FDA seemed not to have considered the Japanese data.  
Japanese mothers eat fish and sea food nearly every day and perhaps more than once a day. 
Where is the evidence of neurotoxicity? Indeed, contrary to the FDA advisory, those mothers gave 
birth to the children who have the best longevity, the least major depression, least heart disease 
and common cancers of the industrialized nations.  The FDA may have had in mind fish caught 
in heavily polluted lakes and estuaries in the US which would be reason for not recommending to 
pregnant women.  A recent systematic review styled according to the methods used by the U.S. 
Dietary Guidelines Advisory Committee (DGAC) revealed overwhelmingly positive effects on 
neurocognitive development of seafood consumption on children’s neurocognitive development, 
whether eaten by pregnant mothers or children themselves [53].  The DGAC report went even 
further in extoling the reliance on seafood to maintain health in pregnancy and through the life 
cycle, attributed at least in part to omega-3 fatty acids.  The 2020 DGAC noted that many studies 
found negligible harm from seafood consumption despite having been designed to search for 
negative effects [54].  At this writing US food policy has not yet been adjusted to reflect this clear 
and convincing evidence. 
 
As these examples show, for some reason the brain has mostly been side-lined. Brain 
composition contains as much structural fat as protein [55]: very special fats, marine fats into the 
bargain which you have to get from food or make with difficulty from green foods. Remember, the 
brain evolved in the sea some 500 million year ago and it was built with sea foods.  There was 
nothing else.   
 
Study of human milk is a good place to start. It has the least amount of protein of all large 
mammals but is stuffed with the essential fats needed to finalize brain development and growth. 
Seventy percent of the energy the mother devotes to fetal development is soaked up by the growth 
of the fetal brain.  In the adult, the brain consumes 20% of the resting energy despite being only 
2% of the body weight.  Moreover, 26% of the energy, consumed by the brain is used for the 
maintenance of the membrane fatty acids [56].   Nature clearly declares the brain is the biological 
priority for Homo sapiens and does so before and after birth.  Breast milk is rich in palmitate and 
other fats as fuel for energy and the essential fats needed to finalize neurodevelopment. Is it not 
about time that the needs for the brain are parachuted into the global and country wide 
assessment of human nutritional needs? 
 
Food and the Population Crisis 
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Now we come to food security. In the 1960s, faced with a population of 3 billion and an expectation 
of 6 billion by 2000 many writers voiced concern over the population entering its logarithmic phase 
of growth with the expected failure of food resources to keep pace.  Julian Huxley became the 
first Director General of UNESCO [57]. He wrote this: 
 
“The world has to achieve the difficult task of reversing the direction of its thought about 
population. It has to begin thinking that our aim should be not increase but decrease – immediate 
decrease in the rate of population-growth; and in the long run, decrease in the absolute number 
of people in the world “ 
 
The young Sir David Attenborough expressed concern: In 1976 he wrote: 
 “There are so many of us that the seas and skies are not big enough to cope with he over 
whelming quantities of waste and we are now choking in our own filth.” And “The yearly increase 
in population shows no sign of slackening, but it cannot continue for ever without ending in 
disaster” [58].  

The Foresight Think Tank (UK) spent 2 years with 400 specialists compiling a report for 
governments on the ‘Future of Food and Agriculture’ [59]. The brain was mentioned en passant, 
but the discussion was all about protein and calories. The oceans were mentioned – only briefly. 
It is actually a brilliant report with critically important conclusions. It refers to the scarcity of new 
arable land to bring into production to meet the needs of the rising human population. It would 
have been so much stronger had it tackled the highly specific requirements for the brain because 
that is what makes us different from other animals.  
 
Many other predictors of mass famine, speculating about Malthusian population growth 
outstripping resources, were wildly off target.  The development of high yield grain varieties by 
agricultural science enabled many billions of greater population carrying capacity of the planet.  
In one sense however, mass famine did happen – brain famine – because of the emphasis on 
calories and protein.  Calorie and protein production outstripped the production of brain-selective 
nutrients, leading to brain famine.  The undisputed global malnutrition of iodine, iron, and vitamin 
A, so called “hidden hunger”, were an unmistakable bellwether that the job of feeding the brain 
was incomplete even decades ago.  Arguments over the fundamental facts of nutrition and 
metabolism of omega-3 fatty acids as an irreplaceable building block of the brain, the brain’s 
fundamental infrastructure, continue to this day.  Studies in the 1980s and 1990s show that 
maternal overnutrition with omega-6 linoleic acid antagonist to depleted omega-3 invariably lead 
to all manner of neurological abnormalities in the offspring, notably aggression, problems of 
impulse control, anxiety, depression, and impaired executive function [60].  More recent studies 
show that certain genotypes are likely more susceptible to these effects [61].   
The Shrinking Brain. 
Dr Marta Lahr from the UK Cambridge University's Leverhulme Centre for Human Evolutionary 
Studies presented her findings to the Royal Society in 2013 [62] that the brain size of the modern-
day humans has been shrinking since the beginning of the land-based agriculture and animal 
husbandry 10,000 years ago. Scientific method is about prediction and test. If you know how the 
brain got here then you can predict what will happen in the future.  
 
The UK newspaper Daily Mail of 11th January 2014 reported: “The boss of Morrisons, a major UK 
supermarket chain, has slammed Britain's educational system claiming many school leavers who 
turn up at his stores asking for jobs can't spell or add up.... The poor results come despite a near 
doubling of the education budget between 1997 and 2010 under Labour – from £50 billion a year 
to £89 billion”. This is not exactly a new story. Figure 1 shows falling world IQ levels over time [3].  
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The Flynn effect is the 
incremental rise in IQ since 
Victorian times. However, the 
data on IQ varies.  The above 
diagram is suggestive of a 
global reversal.  This would be 
consistent with the change in 
food system and increased 
reliance on intensification of 
land-based foods (e.g1. [24, 
63] since the abandonment of 
Sir Jack Drummond’s WWII 
policies and the now rise in 
T2D and obesity. For 
example, the amount of DHA 
in 100g chicken meat in 1970 
was 170mg, and in 2002 it 
was 25mg. At the same time 
the amount of carcass fat had 
increased several fold.  
Intensive beef production 
produces 6.5 times the energy from carcass fat compared to protein. The trend can be reversed 
with attention to production: farmed salmon DHA can exceed DHA in wild salmon with careful 
attention to feeding DHA to the salmon, though even here the linoleic acid content of the fat is far 
higher than in the wild due to grain use [64]. 
 
After discussing the lack of global interest in brain health, brain nutrition not being a part of food 
policy and shrinking brain issues, now we connect to NIN (2018) with balanced diet and genetics. 
 
NIN 2018 and the Balanced Diet.  
The worlds of 1918 and 2018 are so very different.  There are now 6 billion more mouths to feed 
than in 1918. Despite the notable advances in technology and science, 600,000 children died 
from malnutrition during 2018 and some two billion people are at risk of intellectual disability from 
iodine deficiency. Mental ill-health is now the costliest burden of ill-health. It is an important time 
for Governments led by organizations like the NIN, to address this issue.  As brain development 
and mental health starts before the birth the primary solution has to be a health and nutrition policy 
for the mother. Indeed, one cannot stress too strongly the importance of the relevant education 
and nourishment of young girls, and for that matter the boys as well.  
 
None of this will be of use unless governments ensure that the food and agricultural systems 
prioritize the needs of the brain. The brain evolved in the sea hence this starts with restoring our 
links with aquatic food resources to ensure adequate provision of DHA [65] and its accessory 
trace elements essential for the function of peroxidation defensive enzymes [66] like iodine, 
selenium [67, 68], zinc [69], copper [70], manganese [71] and B12 [72]. DHA is essential for the 
production, maintenance and function of photo-receptors [73], synapses [74] and neurons [65]. 
 
Again, we meet the problem with the balanced diet. The ω9, ω6 and ω3 fatty acid families use 
the same enzyme systems hence an imbalance causes one to be an antagonist of the others. 

 
 

 

Figure 1.  A) IQs are falling in developing countries after a 
peak in birth years of the 1970s.  redrawn from Bratsberg and 
Rogeberg, PNAS 2018 [3].   
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Too much LA will be detrimental to the ω3 status, specifically DHA [75, 76]. The production of LA 
rich seed oils is a new phenomenon which started in the 1950s with the idea of replacing saturated 
fats with polyunsaturated fats from a small component of the diet and has increased dramatically 
using LA rich vegetable oils [77]. Prior to that time, olive oil was the principle vegetable oil in 
Europe and had been for several millennia.  Olive oil is rich in oleic acid with relatively small 
amounts of LA. Reducing the reliance on LA seed oils in the food web would boost the 
bioavailability of any dietary DHA and facilitate its biosynthesis.  However, for biosynthesis to be 
useful there needs to be a source of the parent precursor, α-linolenic acid (ALA) to be available 
in the diet.  
 
Foods rich in ALA are uncommon, removed from the industrial food supply because ALA-rich 
foods have shorter shelf-lives [78].  An ALA primary source would be dark green vegetables and 
some leguminous beans.  In India, the use of mustard seed oil was an especially rich source of 
ALA. Sadly, this traditional oil has been replaced to a significant degree by LA rich seed oils [79]. 
LA rich seed oils swamp ALA from leaves and beans and cause omega-3 deficiency.  This 
retrograde step should be reversed.  The balance of ω6 to ω3 in the brain is about 2 to 1 globally 
although in some regions like the photoreceptor, there is very little ω6 as the sn-2 position of the 
phosphoglycerides is saturated with DHA.  
 
Imbalance of ω6 to ω3. 

An imbalance in ω6 to ω3 polyunsaturated (PUFA) has long been of concern as industrial oils 
replaced traditional oils first in the US [80] and later in India [81].  Usually, nutritional scientists 
express this as a high ratio of ω6 to ω3 which has increased from 2-4 to 1 prior for traditional oil 
and fat sources, to present levels from 10-20 to 1.  This concern is well supported based on the 
substitution of, for instance, commodity sunflower oil with ω6 LA at 75% of fatty acids while ω3 
ALA is at trace levels, replacing milkfat with ω6 LA with 2.5% LA and 0.65% ALA.  However, 
detailed consideration of the endogenous physiological response to these oils shows that 
unnaturally high LA levels dramatically suppresses ω3 metabolism through high overall PUFA 
levels. These concepts are well established since the 1960s and have been repeatedly 
reproduced over the decades [81-85].  Further, animal studies conducted at NIN demonstrated 
the importance of the balance of ω6 and ω3 for the prevention of diet related chronic diseases 
[86-89]. The key factor is endogenous DHA because it is the final product of ω3 biosynthesis in 
most tissues and is most suppressed by ω6 LA [81]. A cross sectional study showed very low 
intake of omega-3 PUFA among 625 school going healthy boys and girls aged between 7 and 13 
years from Hyderabad, India [90].  A recent randomized, triple blinded, controlled clinical trial 
showed addition of DHA to lower linoleic acid foods improved cognitive abilities of severe acute 
malnourished children in Malawi [91]. 

Figure 2 is a redrawn version of the most comprehensive single study of whole body DHA status 
as measured by plasma phospholipid (PL) DHA [81].  Rats were fed 54 different diets with LA and 
ALA that vary in total amount and in ratio of LA to ALA.  Notably, all DHA must be synthesized 
from ALA via the conventional pathway.  If plasma PL DHA were controlled by the ratio of LA to 
ALA, best fits through the curves would be horizontal lines represented by the dashed lines for 
each of the three LA to ALA ratios, 9.4 (lowest), 2.3, and 0.7 (highest DHA).  Manifestly they are 
not.  The least squares lines show a maximum DHA at total PUFA <4% of energy; at these levels 
the ratio does control the peak plasma PL DHA (Figure 2A).  Importantly, at total PUFA >about 
8%en, the lines converge and there is little relationship between ratio and plasma PL DHA.  In 
summary, below about total PUFA, LA to ALA is a key factor, but at high PUFA levels plasma PL 
is low and not responsive to ratio. 
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To explore this in the context of 
common edible oils and food, we 
replot the same least squares lines in 
Figure 2B, eliminating the actual data 
points for clarity.  We instead plot the 
position of various edible oils eaten in 
a diet with 40% energy as fat with their 
LA and ALA contents at the plasma PL 
DHA level predicted by the curves.  
With industrial high ω6 seed oils 
typified by soy and sunflower, DHA 
synthesis is very low.  However, with 
preindustrial fruit oils such as palm 
and olive, and animal fats from goat, 
beef, and milk, the predicted level of 
synthesis is greater because of the 
low PUFA content.   

More significantly is the effect of 
addition of high ω3 ALA food to the 
oils, as in the preparation of a saag 
containing 450 g spinach and 450 g 
mustard greens naturally containing 
ALA, and 52 g butteroil (ghee).  The 
LA to ALA ratio drops which increases 
the plasma PL DHA to near its 
maximum level.  On the other hand, a 
saag made with soy or sunflower oil 
would only shift along the curves and 
no more plasma PL DHA would be 
found, reflecting the overwhelming 
amount of LA that inhibits DHA 
synthesis.  The factor driving very low 
DHA synthesis is high intakes of LA in 
the background diets in all studies – 
abnormal compared to any known 
human diet prior to industrialization 
and the rise of high LA seed oils. LA is 
antagonistic with the last steps of DHA 
biosynthesis. Reduction of LA 
removes an effective block and 
circulating DHA rises. Key data are 
shown from our RCT [92]. These data 
collected in the Malawi show that a conventional Ready-to-Use Therapeutic Food (RUTF) high in 
LA causes a 25% drop in DHA over 4 weeks, while HO-RUTF high in oleic acid stabilizes DHA 
and causes a 60% increase in EPA.    

Genetics. 

Figure 2. Relationship of plasma DHA vs dietary 
LA+ALA redrawn from Gibson et al. (PLEFA 2013, 
ref 49) to plot total PUFA on the x-axis.  Rats were 
fed one of 54 diets varying independently ω6 LA and 
ω3 ALA A) DHA peaks is at low total PUFA, <4% of 
energy; and does not follow LA/ALA ratios as is 
commonly quoted.   B) Hypothetical plasma PL DHA 
as is predicted from diets with 40% calories as fat 
from the various sources.  Traditional low PUFA oils 
support high, not low, DHA.  Spinach-based saag 
(open circle), as an elementary example of a mixed 
food, made with milkfat (ghee, butter) support even 
higher DHA whereas when made with high LA soy 
or sunflower oil provides little to no increase in DHA. 
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Genes coding for the desaturation reactions, namely, fatty acid desaturase 1 (FADS1, 
OMIM#606148) and fatty acid desaturase 2 (FADS2, OMIM#606149) localize to the long arm 
of human chromosome 11 (11q12-q13.1) [93, 94]. FADS1 (Δ5/Δ7-desaturase, odd carbon chain 
desaturation) and FADS2 (Δ6/Δ8/Δ4-desaturase, even carbon chain desaturation) have 
specificity for several fatty acid substrates [94-97]. The genetic variations within the genes 
mediating the endogenous synthesis of highly unsaturated fatty acids (HUFA) contribute widely 
to the variability and the efficiency of HUFA biosynthesis [98, 99]. The efficiency of HUFA 
biosynthesis most likely be controlled at multiple steps in the biosynthetic pathway either at the 
level of the desaturases (FADS2, FADS1) and/or the elongases (ELOVL2 and ELOVL5) 
depending on the genotype and the metabolic state [98, 100]. Several HUFA metabolism studies 
using stable isotope labeling, candidate gene single nucleotide polymorphisms (SNP), genome 
wide association studies (GWAS) and metabolomics showed interindividual variability in the 
conversion of precursor PUFA to HUFA products depends on genetic factors [98, 101-103]. A 
genetic component to the relative amounts of endogenous HUFA has been identified in recent 
work [104, 105].  DHA and its companion EPA generally oppose the action of the AA.  The relative 
ratio of circulating DHA+EPA to AA has been linked to many chronic health conditions including 
cardiovascular disease [106] and depression [107].  We identified a specific functional genetic 
element, an insertion-deletion (Indel) polymorphic variant in the fatty acid desaturase (FADS) 
gene cluster that controls AA levels in widely divergent populations.  Our recent data [105] show 
that genotype at this locus causes a dramatic different in equilibrium plasma PL AA.  Using diet 
response curves for AA with high LA to ALA ratio (9.4) [81] similar to those for DHA, we plot a 
hypothetical relationship with dietary total PUFA (Figure 3) [61]. Between 0.5 and 3% of energy, 
the AA level rises rapidly and plateaus above about 3% of energy (Figure 3A).  Using 
experimentally determined plateau levels, we show the difference in plateau levels for the three 
genotypes (Figure 3B) [61].  AA levels vary by an astonishing 57% depending on the genotype, 

Figure 3.  A) Measured rise in rat plasma PL AA (20:4n-6) as a function of dietary PUFA, 
with LA and ALA in a fixed proportion of 9.4:1.  The plasma AA rises to reach a plateau at 3-
4%en [61].  B) Hypothetical response of the three human Indel genotypes at rs66698963 to 
increasing dietary PUFA.  Three different plateau levels are achieved corresponding to C) 
the measured blood levels found in a Chinese cohort.  Panel A redraw from Gibson, PLEFA 
2013. 
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with fast converters (I/I genotype) greater than slow converters (D/D genotype) and heterozygous 
(I/D genotype) converters in between (Figure 3C).   

 

 

These observations have important implications for the dependence of HUFA milieu on a 
population basis.  In a small sampling in the Pune region, we showed the population to be highly 
enriched in I/I individuals [104], likely reflecting their vegetarian heritage that requires more active 
synthesis of HUFA than seafood and meat consumers who would obtain HUFA in diet.  When I/I 
fast converters consume diets with high LA and high PUFA oils, eg. sunflower and soy, their AA 
levels are maximal.  Minor reductions in LA oils or addition of ALA has no effect on AA levels, and 
no effect on DHA levels because the enzymes needed to synthesize HUFA are well past the point 
of saturation [108].  However, traditional oils have lower PUFA and more moderate ratios, leading 
to less AA and more DHA.  The next effect is that a vegetarian genetic heritage and high LA oils 
conspire to predispose to greater chronic disease through imbalanced HUFA.  Moreover, the 
effect is of great concern for pregnant and lactating mothers and especially their children who rely 
on balanced HUFA to enable proper accretion of DHA as the brain expands in the first years of 
life. 

Personalized HUFA Nutrition. 

Commercially produced conventional seed oils, such as, sunflower, safflower, grapeseed, corn, 
and cottonseed are rich in ω6 LA. As ω6 and ω3 compete for the same enzymes in the HUFA 
biosynthetic pathway, individuals with the I/I genotype having fast metabolic capacity that 
supports high AA may be vulnerable to ill-health when adopting to a diet rich in ω6 LA which 
severely reduce synthesis of anti-inflammatory ω3 HUFA and increase synthesis of pro-
inflammatory AA. Put it another way, diets high in ω6 LA may create a metabolic demand for ω3 
EPA and DHA for I/I genotype and to a certain extent for I/D genotype. Balanced consumption of 
ω6 and ω3 precursors would be particularly important for I/I and I/D genotypes. The conventional 
ω6 LA rich seed oils dramatically reduces endogenous ability to synthesize and incorporate ω3 
DHA and EPA in tissues, challenging the metabolic requirement for structural ω3 HUFA which is 
especially concentrated in neural tissue [100]. To support optimal neural development during 
pregnancy mothers selectively transfer DHA to fetuses. A recent Belgian cohort study showed 
imbalance of ω6 and ω3 HUFA was found to be associated with postpartum depression. Women 
in this study group having ω3 index <5% had a 5-fold increased risk of depressive episode [109].  

We will come to another thorny issue later: the remainder of iodine deficiency in foods consumed 
by billions. 
 
A Biomarker for Preterm Birth and Neurodevelopmental Disorder and Public Health. 
Worldwide, highest 24% of all preterm births occur in India [110, 111]. One of the questions raised 
by Mulder et al [112] is DHA deficiency effective prenatally or after birth? In an RCT of a 
supplement containing DHA and arachidonic acid (AA) of 300 pregnant women, blood samples 
were taken at recruitment (ca. 12 weeks after conception), and at birth from mother and fetal cord 
blood. The total fatty acid profile of the red cell membrane was analyzed. The red cell membrane 
is a piece of maternal tissue.  There are several variables which influence maternal status, and 
these include, diet, behaviour, absorption efficiency, genomics and metabolomics with the 
integration of all, defining what ends up in the membrane. Bill Lands once said “The tissue is the 
issue” and that applies here. The level of red cell membrane, oleic acid and other 
monounsaturated fatty acids at recruitment (ca. 12 weeks after conception) predicted preterm 
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delivery at 34 and 30 weeks with a ROC of 0.926 and 0.852 respectively (p<0.000 and <0.017; 
Figure 4) [113].  

Membrane phospholipid oleic acid is known to rise 
in response to a deficit of AA and DHA which are 
key highly unsaturated fatty acids (HUFA) 
components of signalling, neuronal and glial cell 
membranes. Both are required substrates for the 
structure, growth and function of the brain [65, 
114].  Deficiency results in the functional loss [115] 
i.e. this predictor is relevant to the high risk of 
neurodevelopmental disorders associated with 
premature birth and low birthweight.  

Different brain regions are built to different region-
specific membrane lipid profiles [116, 117]. 
Moreover, brain lipid composition has been highly 
conserved through vertebrate evolution [114] and 
comparative evidence from 32 mammalian 
species indicates that a global improvision of the 
brain specific lipids is associated with a global loss 
of brain size [118].   

Oleic acid also identifies deficits in the fatty acids 
responsible for neural membrane growth and of 
eicosanoid regulators of immune and vascular function [119].  The proportion of oleic acid rises 
in the cell membrane lipids if the proportion of the HUFA falls for any reason.  Preterm birth carries 
the highest risk for neurodevelopmental disorders. However, such disorders often have a vascular 
or immune background (Figure 5): 

During the biomagnification across the placenta, LA is returned to the mother reducing the 
proportion in the cord blood choline phosphoglycerides into half. 

The point here is that AA is being treated as the primary objective in placental fatty acid transfer.  
The likely explanation for prioritizing AA is that it is serving prenatal vascular and immune system 
development.  It will also serve the glial cells. However, it is logical that the cardiovascular system 
has to come first in the order of organogenesis to provide the oxygen and nourishment. 

Intraventricular hemorrhage (prenatal bleeding) and periventricular leukomalacia (ischemia) is 
essentially a prenatal stroke. First this involves the vascular system then the immune response.  
If the ischemia scars there is permanent damage. DHA is effectively the only ω3 of consequence 
in prenatal vascular development.  It could be involved in suppressing the inflammatory process 
which is a response to injury. Inadequate amounts in the locality could jeopardise injury resolution 
[120]. However, the role of AA as a major membrane constituent has not been properly evaluated. 
The likelihood is that it is important in membrane integrity and certainly responsible for 
prostacyclin synthesis which should keep the system flowing in good order.  Indeed, the 
complications of prematurity have a vascular pathogenesis (Table 1) [121]. 

The DHA and ω3 eicosapentaenoic acid (EPA) deficiency in more than 60 studies of 
pregnant/lactating animals shows all manner of cognitive and mood disorders among the 
offspring, specifically cognitive, balance, and learning deficits, as well as higher aggression and 
poorer impulse control [60].  Emerging molecular and clinical evidence implicates ω3 deficits in 

 

Figure 4. Study of 296 pregnancies. Oleic 
acid at recruitment predicting preterm 
delivery. At 34 weeks- Receiver Operator 
Curve (ROC)=0.926, P<0.000. At 30 
weeks- ROC=0.852, P<0.017 [113]. 
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heightened sensitivity to pain, where reduced diet ω6 and increased DHA and EPA reduces 
chronic headache from 10 hours to 4 hours per day, as well as associated psychological distress, 
likely by restoration of balanced signaling [122]. DHA and EPA both reduce neuroinflammation 
and cognitive decline [123]. DHA accumulates rapidly in the fetal brain starting at 6 months of 
pregnancy [124] and extending to age 18 when it stabilizes until at least age 90 at about 13% of 
FA [125], and >30% in synaptosomes. DHA is highly concentrated in grey matter and is influenced 
by the mix of dietary fatty acids perinatally during the brain growth spurt in humans and 
experimental primates [126-128]. Dietary DHA accelerates nerve development as measured 
directly by the progress of visual acuity in humans [129]. Retinal DHA, normally greater than 20%, 
is sensitive to diet. The intensity of the electrical response to light (the electroretinogram) depends 
on DHA content [130]. On the strength of this evidence, DHA is now included in nearly 100% of 
all infant formulas in the US. As calcium is to the bones, DHA is to the brain.  
 

The Importance of Maternal Health 
and Nutrition before Conception. 

The lifespan of red blood cell is around 
120 days. Therefore, data obtained at 
about 12 weeks after conception, 
implies that the condition of the mother 
well before conception, determines the 
successful completion of pregnancy.  
Preterm birth carries the highest risk for 
neurodevelopmental disorders and 
potentially the neural development of 
the offspring. Indeed, high-quality MRI 
scans from our study, performed 
shortly after birth, showed that ω3-6 
supplement promoted the growth of 
specific regions of the brain including 
the cortex (learning) and the corpus 
callosum (connectivity and possibly a 
key region involved in the development 
of autism) [131]. Further analysis of the 
placebo data, which is to be published, 
has revealed that the girls have a 
different response to the fatty acid 
status than the boys. This study opens 
the door to delineating the biological 
risks of different neurological disorders. 
As with neural tube defects, this and 
further studies could pave the way to 
prevention and possible therapies 
whilst the brain is still plastic.  

The fact that we only saw a statistically 
significant enhancement of certain 
regions of the brain in the boys, could 
be a reflection of the heightened 
sensitivity of males to essential fatty 

A  

 

B

 

Figure 5. This figure is redrawn from Crawford et al. 
[121]. A) Human vascular endothelium ethanolamine 
phosphoglyceride composition. AA is the major FA 
component in the endothelial cells. B) Data from mid-
term selective abortions and term pregnancies. 
Biomagnification of AA and DHA at midterm and at 
term. The placenta selects AA and DHA 
preferentially for transfer. 
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acid deficiency/status which we observed was effective prenatally [132]. Although a much larger 
study and the inclusion of lipidomics in the analysis, might reveal an effect on the females, the 
effect such as it was, would have been unlikely to have had a major impact on neurogenesis. By 
12 weeks into pregnancy, the cells that are to form the cortex are already migrating to do so. The 
lipidomic approach in relation to the differences in regional brain composition could be important 
to assess more detailed biomarker specificity in relation to specific neurodevelopmental disorders. 
Synaptogenesis and connectivity for example are relevant targets for this later stage of the 
neurodevelopment. However, as it stands, assessment of red cell membrane oleic acid could be 
used to reveal risk to premature birth and action then taken with current knowledge to prevent. 

In considering the evident impact of 
food chemistry and environment, 
the composition of the membrane 
lipids responds to chemistry, 
temperature and pressure. 
Moreover, changes in lipids around 
the domains of membrane proteins 
change protein function. This then 
leads to the concept of a new 
paradigm in biomedical science for 
this century linking environment, the 
genome and medicine in which 
lipidomics will be seen to play an, as 
yet, unheralded but major role in 
securing neurodevelopment [133].  

A study of 11,875 pregnancies in the Bristol/Avon district of England, as further support for this 
approach. It described a linear increase in verbal IQ, and social behavioural scores measured in 
children at 8 years of age and dependent on the ω3 from fish and sea foods in the mother’s diet 
determined during pregnancy [52].  The mid pregnancy dietary data likely reflects the habitual 
diets and hence the diet of the mother leading up to conception. 

We were able to obtain magnetic resonance images of 85 new-born brains to help test the effect 
of the supplementation (Figure 6). Despite being given early in pregnancy, it had no detectable 
effect in the girls but did enhance the whole brain and DHA rich regions including the cortex and 
the corpus callosum in the boys [131]. 

This MRI data limited as it is, provides additional evidence of the importance of lipid nutrition and 
through the relative weakness of the response adds strength to the concept that the condition of 
the mother when she conceives is of the greatest importance.  Implantation takes place on day 7 
after conception. That and subsequent events take place in the Milieu Intérieur [134] of the 
mother.  Here we have another inescapable truth. Indeed, in terms of her fat stores and cell 
membrane composition, these will have been determined by her history. They constitute her 
Milieu Intérieur.  Indeed, it is not far-fetched to say that the period of puberty could be relevant to 
the final condition and biological efficiency of the women to deliver a healthy newborn.  

In 1976 Prof. R. W. Smithells and colleagues from the Department of Pediatrics and Child Health, 
Leeds, UK reported on the relationship between vitamin deficiency and neural tube defects. This 
report was followed up by an intervention study of multi vitamins which included folic acid as the 
main suspect for a deficiency cause [135]. In 1991 the Medical Research Council of the UK, 
published the results of an RCT with folic acid pre-conception providing convincing evidence of a 
causal relationship with folate deficiency [136]. Andrew Czeizel in Hungary has also drawn 

Table 1. Neurodevelopmental damage associated with preterm birth. 

VASCULAR COMPLICATIONS 

Clinical Condition Risk 

Intraventricular Hemorrhage Bleeding 

Periventricular Leukomalacia Ischemia, Demyelination 

Broncho-pulmonary Dysplasia 
Leakage in pulmonary blood vessels 

forms hyaline layer 

Retinopathy of prematurity Obliteration of the retinal blood vessels 

Necrotizing enterocolitis Membrane vascular/Immune involvement 
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attention to the importance of the period around the time of conception and neurodevelopmental 
disorder. They assessed the impact of multi-vitamins prior to conception in 5,502 pregnancies. 

 “Both intervention trials and observational studies confirmed that this new primary preventive 
method is effective - beyond the prevention of neural-tube defects - in the reduction of the most 
common structural birth defects: congenital cardiovascular abnormalities” [137, 138].  

We are the first to admit that neurodevelopmental disorder is an ecological issue. It is not just one 
nutrient but the cluster of nutrients which together are required for optimal brain growth and 
development and for that matter for the full proper scope of organogenesis. 

Coimbatore. 

“Be the change you want to see in the World” Mahatma Gandhi. 

The case for preconception care and the case for supporting neurodevelopment is 
incontrovertible. At the same time much can be done with education.  Unfortunately, home 
economics was removed from the UK school curriculum starting in the 1960s, leaving us today 
with leaders in 
governments and 
captains of industry, 
including the food 
industry, with little or 
no knowledge of 
nutrition and health. 
Hence, we have the 
consistent 
propagation of the 
protein myth [139]. 

“In India, 3,341,000 
babies are born too 
soon, each year and 
361,600 children 
under five die due to 
direct preterm 
complications” [140].  
Following the NIN Diamond Jubilee celebration in 1978, Professor Michael Crawford went on a 
lecture tour in India at the courtesy of the British Council.  One location was the Avinashilingam 
Institute for Home Science and Higher Education for Women, Coimbatore which was created in 
1957 by Dr. T.S. Avinashilingam who funded and partnered Mahatma Gandhi in jail, turned out to 
be a true University. Dr. Rajammal. P. Devadas, an International Home Scientist and Nutritionist 
(IUNS Awardee, 2001, Austria) nurtured Avinashilingam University, India by empowering Women 
students towards Nutrition Education and Health Education for the Community. Its activities 
stretched out to work with the community and its schools. Its work was truly universal not just an 
ivory, academic tower. A most interesting part of the visit was to a school where the University 
staff shared teaching and extramural activities. The song which the children greeted the visitors 
was about the value of different foods (carrots being good for the eyes because ….).  

The school children worked on the market garden where they milked the goats, fed the hens, 
collected eggs, took care of the chicks and tended the growing and harvesting of the vegetables. 
This activity combined with education in nutrition and home economics resulted in children 

Figure 6. Differences of brain volumes in boys with or without DHA 
and AA Supplementation. Supplement with DHA and AA: 600 mg/day 
and 200 mg/day. Data on boys only. Pairwise comparisons (t test) 
show significant increases in most pools with DHA+AA (p<0.05). 
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entering the adult world with knowledge relevant to their health and well-being.  Visits to the 
hospital suggested there was little malnutrition to be seen. In other regions, the doctors when 
asked said they were too busy and did not have time to engage in prevention.  

The message of Coimbatore and the Avinashilingam University, India is a step in the needed 
order to face the nutrition challenge of today. Even now conducting a 10 day Community Nutrition 
Camps to assess the Nutritional Status of Population in a village is mandatory for Postgraduate 
students in Food Science and Nutrition and this adds value to their Education. Children were 
being empowered with knowledge about food and its meaning.  Did not the management of the 
animals convey from an early age the principles of reproduction and the health of the new-born. 
And did that not also convey information on contraception? Whilst not every school by any means 
has the luxury of space for a market garden the message from Coimbatore clearly demonstrated 
the importance of education about food, nutrition and health which is sadly lacking even in medical 
colleges. The latter is all the more surprising when one considers that the bulk of the NCDs is 
related to nutrition and behaviour. Whilst infection is still not quite a feature of the past, nutrition 
and behaviour touches a very large part of the modern disorders and the daily work of the medical 
practitioner. For example, we have rampant obesity and T2D with its risk for heart disease, stroke 
and dementia. And is not nutritional science involved in the management of heart disease, renal 
and liver disease, cancer, and recovery from trauma and surgery, the management of pregnancy, 
depression and palliative care? That cluster requires more than just 3 hours of lectures on 
nutritional science in the training of our medicals. The Coimbatore experience and the interface 
between the College, the schools and the community, illustrated the power of education. 

Iodine deficiency and the co-existence of ω3 Deficiency. 

A topic of importance specifically to the neurodevelopment is iodine deficiency. There are some 
2 billion people at risk for iodine deficiency worldwide. The richest food resource for iodine is in 
the marine food web. Iodine salts being water soluble, along with salts of other trace elements 
have been washed by millennia after millennia of melting snow and rain into the rivers and then 
into the sea. Within the large number at risk to iodine deficiency, pregnant women are especially 
vulnerable. Iodine deficiency during pregnancy is a sure way to cause intellectual disability and in 
extreme cases, cretinism in those born to iodine deficient mothers [141].  It is likely that iodine 
deficiency is associated with deficiencies of other trace elements and also a deficiency of DHA. 
Both lead to poor mental development with DHA deficiency a potential etiological agent for neuro-
vascular developmental disorder [112, 142, 143]. 

In India, “About 167 million are estimated to be living in Iodine deficient endemic areas. Iodine 
deficiency causes goitre (enlargement of thyroid gland in the neck), neonatal hypothyroidism, 
cretinism among new born, intellectual disability, delayed motor development, stunting, deaf-
mutism and neuromuscular disorders. The most important consequence of iodine deficiency in 
mothers is cretinism in which the children suffer from intellectual disability right from the birth. 
About 90,000 still-births and neonatal deaths occur every year due to maternal iodine deficiency. 
Around 54 million persons are estimated to have goitre, 2.2 million have cretinism and 6.6 million 
suffer from mild psycho-motor handicaps [144].” 

Dr Coluthur Gopalan, FRS, organized a conference in New Delhi, on “The Brain” in 1998. Dr 
Gopalan was Former Director-General, Indian Council of Medical Research (ICMR), Former 
Director, National Institute of Nutrition, India and at the time was President, Nutrition Foundation 
of India.  During the conference data was presented on iodine deficiency in Kerala where 60% of 
the school children had palpable goitre. However, the prevalence was only about 1% in those 
living in the coastal towns and villages.  There was an almost identical situation in Indonesia 1990-
1993, where Professor Michael Crawford and Dr Darwin Karyadi of the Ministry of Health in Bogor, 
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conducted a survey which revealed that 60% of the school children had goitre.  However, there 
were none in the fishing villages.  A recent survey for goitre prevalence in India showed 263 out 
of 324 districts had IDD problem with a prevalence of more than 10% [145, 146]. There were 
about one million severely intellectual disability children and 800,000 cretins. Iodized salt seemed 
to be ineffective. The likely explanation was the high humidity and evaporative loss of the iodine 
combined with loss during cooking [147] as well as the use of goitrogenic foods which include 
cruciferous vegetables like broccoli, cabbage, cauliflower, horseradish, kale, mustard greens, 
radishes, and turnips and possibly other local foods.  

The recommended solution for Indonesia was to grow kelp which is now being done 
enthusiastically off the coast of Bali.  Kelp is rich in iodine, other trace elements. It also contains 
some ω3.  It can be used directly as food, fertilizer to return iodine and trace elements to the soil 
and feed for animals.   We are told the kelp farmers are making more money than the inland 
farmers.  Regardless, the idea could be used in Kerala and indeed in other parts of India which 
has an extensive coastline.  

There is another issue concerning iodine deficiency which is of concern. The richest source of 
iodine is in the marine food web which is also the richest source of DHA. The likelihood is that 
iodine deficiency is also a DHA deficiency. Support for this concern comes from our studies in the 
Sudan. Dr Izzeldin Hussein has described 
the presence of serious iodine deficiency in 
the Sudan [148]. The following illustration is 
one of many pictures he took to illustrate the 
severity of the condition (Figure 7).  

At the same time Dr Kot Nyuar had been 
studying maternal nutrition and had 
analyzed milk composition as an index of 
essential fatty acid status [149]. Our 
laboratory has analyzed the composition of 
human milk in several thousand samples 
across the globe [150], including just over 
2,000 for a WHO study in Thailand, Hungary 
and the UK [151]. We have never seen such 
low levels of milk DHA as encountered in 
the Sudan, which was 0.06% [149].  Similar 
levels of DHA (0.06%) were seen in milks 
from Pakistan [152].  These compare to a 
global mean of 0.32% DHA for studies 
available in 2007 [153].  

The weakness of this conclusion is that the 
fatty acid and iodine data are not from the 
same individuals.  Nonetheless, there is 
logic in the co-existence of iodine and DHA 
in the marine food web. With the paucity of 
DHA in the land-based food web, the coexistence of DHA and Iodine deficiency needs to be 
considered.  Both deficiencies lead to deficits in brain function. 

It is plausible that significant biosynthesis takes place in the Indian vegetarian population which 
may provide for brain development [154], though this capability is undoubtedly compromised 
when diets have high ω6 LA. However, the high prevalence of low birthweights and prematurity, 

 

Figure 7. Goitre in Sudan due to iodine 
deficiency. We thank Dr Izzeldin Hussein for 
providing this photograph which was taken 
during his studies in the Sudan for a PhD at the 
Institute for Brain Chemistry and Human 
Nutrition (IBCHN). 
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coupled with iodine deficiency referred to in 2011 Dietary Guidelines of India, are a cause for 
concern.  One can ask, how many people know the dietary sources for ALA? Do people 
spontaneously eat enough of these to provide for optimum neurogenesis in pregnancy? How 
much is enough? 

We do not know if the Coimbatore school had a fishpond. However, the neighbouring China is 
the global leader in freshwater aquaculture. The Vietcong made fishponds out of large bomb 
craters [155].  The freshwater fish are reasonable sources of both DHA and AA, they will capture 
iodine with other trace elements and are generally good sources of protein and essential fatty 
acids. The development of coastal resources both for kelp, other sea foods and fish as is being 
done in Japan, China and Oman, would also help to correct the nutritional deficits and serve the 
priority of eliminating the high prevalence of low birthweight and prematurity with their high risk of 
mortality and neurodevelopmental issues and disorders.   

We presented the importance of specific brain nutrients critical for the overall mental health with 
primary focus on the maternal and child health, perceived as a key issue in the Indian context. 
NIN (2022) has a bigger problem to solve- brain famine caused by a shortage of brain selective 
nutrients required for the overall brain health. 

Conclusions 

We lay out here some serious concerns with the rise in mental ill-health and population pressure 
on top of the list. These are important issues globally and particularly so in low income 
populations. We tried to present evidence on brain-specific nutrition and mental health which is 
especially relevant to malnutrition where it has been neglected. It is by no means all bad. There 
are so many good things in life. The world is full of love, music, literature, science, invention, 
history from which we can learn, the beauty of creation and art – good food and company. The 
cohesion of all these wonderful things is what makes us human. We have the knowledge and 
power to advance all of these in peace. In particular, to reverse the slide of intelligence and work 
towards achieving better mental and physical health for children.  It is simply a matter of 
understanding the threat and setting the right priorities. 
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