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Challenges and frontiers in nutrition in Asia 

C Gopalan 

The Nutrition Foundatton ofIndia, New Delhi, India 

Asia today accounts for 59% of the 
total world population, and for an 
annual addition of 55 millions to it. The 
population of Asia is expected to exceed 
3.5 billion by the year 2000 (1). Thus to 
speak of Asia is to speak of nearly two
thirds of Mankind. 

To the students of demography and 
"development", Asia presents fascinat
ing contrasts. It has within its borders, 
on the one hand, the two biggest coun
tries of the world - China and India, 
which between themselves account for 
nearly 2 billion people today; and, on 
the other, some of the world's sInallest 
states like Bhutan and Singapore. The 
countries of Asia, between themselves, 
also constitute a very wide spectrum on 
the economic developmental scale. 
Thus, while Asia can today boast of at 
least one of its countries being in the 
"Big League" wielding an economic 
strength that surpasses those of the 
countri es of North Amer ica an d 
Europe, it is unfortunately also the 
home of some of the poorest countries 
of the world. 

Thus Asia a nd its peoples are by no 
m eans a homogen eo u s en ti ty. The 
challenges that confront dIfferent Asian 
countries therefore are n ot all of the 
same order , nor ind eed of the sam e 
kI n d. Most countries of Asia (except 
Japan ) however com e broa dly under 
the category of "developing countries " 
and b e long to the so-called Third 
World; and it is to this category of poor 
developing countries of Asia that many 
of the follOWing observations will apply. 

The background 

In the uitilnate analysis, the chal
lenges which most developing countries 
of Asia face today. spring from their 
basic problems of poverty and popula
tion pressure. These countries started 
on their developmental journeys. as it 
were, nearly five decades ago. with a 
backlog of ·underdevelopment' . The 
prevailing inequitable International 
Economic Order has not generally been 
favourable for their rapid socio
economic development. The harsh 
"structural adjustments" they are 
presently being called upon to make. 
leave them little room for adequate 
investments in long - range develop
mental plans aimed at bringing about 
enduring nutritional upliftment of their 
populations. With an ever growing debt 
burden, and a good part of their exter
nal borrowings being swallowed up for 
servicing their earlier debts, they are 
often compelled to resort to poliCies 
largely aimed at no more than irrunedi
ate survival. Programmes that would 
h elp mitigate the symptoms of under
nutrition take precedence over those 
that would serve to attack its root 
causes. Land and water resources 
are often being inlprovidently used with 
the immediate needs for augmentation 
of food production, or industrialisation 
in the forefront, pushing considerations 
of long-term interests to the back
ground. 

During the last four decades, many 
Asian countries despite their economic 
weakness and rising populations have 
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achieved sign ifi can t progress in 
health/nutrition. Mortality rates h ave 
been declining - more strikingly in 
some countries than others, and life 
expectancy has risen . Acute large-scale 
famines that used to decimate vast 
sections of populations in earlier~ ;years 

have been;;eliminated. Florid clinical 
forms of undernutrition like kwash
iorkor, nutritional blindness, beri-beri 
and pellagra have declined substan
tially: but many formidable challenges 
s till remain. 

In a broad sense, the challenges, 
which the developing countries or" Asia 
now face, and which have a direct bear
ing on nutrition, are of two kinds (Table 
1). Firstly, th ere are the challenges 
that spring directly from their current 
state of poverty and u ndernutrition: 
and these relate to the long-standing 
' old' problems of undernutrition which 
they have not as yet totally eradicated. 
Secondly, there are the 'new' chal
lenges, which are emerging as a corol
lary of the very process of "develop
ment" which these coun tr ies are 
engaged in, as part of their efforts to 
improve their lot and achieve socio
economic advancement: and these 
largely relate to such by':products of 
the "developmental process" as envi
ronmental degradation, urbanisation, 
and demographic transition. 

TABLE 1 
Challenges in nutrition in Asia 

I. Challe nges relating to "old 
problems" 

1. The immediate challenge 

An immediate and major challenge 
for Asian countries is the effective 
control. if not the eradication, within 
the next decade, of three specific prob
lems of undernutrition - namely goitre, 
hypovitaminosis A, and iron-defi
ciency anaemia, - which have plagued 
them for centuries. The resources and 
the technology needed for this purpose 
are certainly available within these 
countries even today;.the necessary 
political and administrative compe
tence, h owever, need to be summoned. 
Control of these three problems within 
the next decade is a realistic and feasi
ble target to aim at. 

Some notes of caution need to be 
clearly sounded in this regard. In 
attempting the control of these 
diseases, developing countries of Asia 
should carefully avoid falling into the 
trap of opting for technologies which 
are not sustainable within their own 
means - technologies for the continued 
application of which they will have to 
be forever dependent on external 
donors. Relatively inexpensive, and 
proven technologies well within the 
means, resources and competence of 

Challenges related to 'old' problems 

1. 	 The immediate challenge 
Goitre, hypovitaminosis A and iron - defiCiency anaemia 

2. The challenge of the second phase 

Emerging cha llenges related to "development" 

1. Environmental degra dation of land and water resources 
2. Urbanisation 
3. Ageing (demographic tranSition) 
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even the poorest countries of Asia are 
now available for th e elimination of 
these problems. 

Goitre 

The inexpensive technology. a tim e
honoured and time-tested one, for the 
control of goitre, is iodation of common 
salt. Programmes for goitre control in 
Asia must squarely and solidly rest on 
this technology. Unfortunately t h e 
implementation of this strategy has 
been t~rdy and inefficient in seve ra l 
Asian countries. Eith er th e salt is not 
properly iodated, or. adequate amou nts 
of it a re not made available in time to 
the needy populations, o r , the 
programme is unfortunately (as in the 
case of India) allowed to run into need
less controversies such as "universa l 
iodation" versus "iodation limited only 
to endemic zones". These are deficien
cies in implementation and not in the 
technology; these deficiencies m ust be 
resolutely overcome, and shou ld not be 
allowed to be used as excuses or argu
ments for an alternative technolgy. 

Asian co u n tries currently bese t 
with the goitre problem may do well to 
s e t up empowered National Goitre 
Commissions w hic h can h e lp to 
a ch ieve inter-sectoral coordination and 
exp editious im plementa tion of gOitre 
control programmes as a u nified opera
tion with th e mandate of ach ieving the 
eradication of the disease b efore the 
turn of this centu ry. This is specia lly 
important as n ew endemic areas seem 
to be emerging in the irrigated plains of 
some Asian cou n tries . 

Periodic parentera l a dm inistra tion 
of iodation oil (n ot presen tly manu fa c
tured in any Asian country) ha s b een 
sugges ted as an a lternative approach , 
esp ecially in a reas "in accessible" t o 
com m on s al t. I am n ot aware of any 
areas in Asia which are now "inaccessi
ble" to common s a lt , b u t which will 
become easily "acces s ible" to ioda ted 
oi l. t o tho usa nds of di s posab le 

syringes, and to an army of "injectors"! 
As ian coun tries will do well to pause 
and ponder ! Apart from the a pprehen
s ions in th is regard which I had voiced 
earli e r (2) , and , a p art from the 
increased expense and the unnecessary 
d rain on meagre foreign exchange 
resources that this approach would 
inevitab ly involve, it must also be 
remembered that Asian populatioQ,s are 
now facing two maj or problems which 
could get compounded to disastrous 
proportions th r ough the use of the 
periodic iodated parenteral administra
tion of oil as a large scale public health 
operation , namely, the problem of AIDS 
and h epatitis. Th ere has been a s teep 
rise in th e HIV sero-positivity rate 
among drug addicts of North East India 
du ring the last two years. Thus the 
data of the Indian Council of Medical 
Research s h ow th at half of the drug 
use rs in this region, which is also 
p r ec isely the area highly goitre
endemic, were seropositive in 1990. 
Th ose familia r with real-Bfe situations 
in the fi eld , will rea lise that "dispos
able" syrin ges w ill no t be dutifully 
"disposed"; under the circumstances, 
th e consequences of resort to a tech
n ology wh ich is dependant on repeated 
injections (using "disposable" syringes) 
cou ld be dis ast r ous. Prudence and 
national interests dictate that we reso
lutely s tick to salt iodation , disregard
ing signals and sounds to the contrary. 

H yp ovitaminosis A 

There ha s fortunately been a steep 
decline in the incidence of keratomala
cia . the more serious form of vitamin A 
deficiency du ring the last few decades. 
However milder forms of vitamin A defi 
ciency a re still Widespread. 

The presen t strategy for the control 
of vitamin A deficiency is largely based 
on t h e pe r io dic a dm inistrat ion of 
m a ssive or a l doses (200 ,000 I. U) of 
syn t h etic vitamin A at s ix m on th ly 
intervals to children at risk. This strat
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egy was originally designed purely as a 
temporary expedient till such time as 
we were able to develop the logical 
approach of augmenting the intake of 
carotene-rich foods in the dietaries of 
our populations. What was originally 
designed as a temporary expedient has 
now continued for over 20 years and 
threatens to expand. The time has 
come for a careful review of this strat
egy partly because keratomalacia for 
which it was originally designed has 
steeply declined, partly also because of 
our present better appreciation of the 
limitations of this strategy, and most 
importantly because we have in Asia 
an abundance of natural food 
resources right at our own doorsteps, 
with which we can combat this prob
lem. 

Asia n coun t ries are for tunately 
blessed with a very Wide array of rela
tively inexpensive foods rich in provita
min A carotenoids. There is also a vast, 
as yet, untapped potential for not only 
augmenting the production of s uch 
foods, but for the developmen t of other 
carotene-rich foo d sources, like spir
ulina and red pa lm o il. It w il l be 
prudent for ASian countries t o base 
their approach to combating vitamin A 
defiCiency on the maximal use of these 
valuable indigenous inexpensive 
national food resource. Though during 
the last 20 years after the introduction 
of the periodic massive synthetic vita
min A dosage a p p roac h, we had 
frequently paid ritualistic lip services to 
"p apayas, pump kin s and kitchen 
gardens", we had really not taken 
adequate practical steps to promote the 
use of green leafy foods. The challenge 
is to see that what we have preached s o 
far at conferences is now put in to prac
tice in the field. Unless Asian scientists 
have permanen tly abandoned all hopes 
of ensuring vitamin A nutrition of their 
children through dietary improvement 
(for achieving which ample opportuni
ties do in fact exist in their own coun
tries) continued reliance on synthetic 

vitamin A makes no sense. The chal
lenge now is to progreSSively discard 
the "magic bullet soft option" in favour 
of t h e l ogical approach of dietary 
improvement, within a reasonable time 
frame of 3 to 5 years. Present attempts 
to build periodic synthetic vitamin A 
administration in to the Expanded 
Programme of Immunisation, as an 
integral part of it , are ill-conceived and 
uncalled for. This must be resisted. The 
challenge is to discard the "crutch" 
progressively and not to incorporate it 
as a permanent appendage. 

Anaemia 

Perhaps the most widespread, and 
yet the most neglected nutritional defi
ciency disorder in several Asian coun
tries today is iron-defiCiency anaemia. 
In recen t years there has been 
substantial decline in the incidence of 
malaria and hookworm infestation in 
several developing countries of Asia; 
but there has been no Significant dent 
in the problem of (primary) iron-defi
ciency anaemia. Iron-defiCiency 
anaemia in pregnancy is an important 
risk factor, contributing to the high 
incidence of low birth weight deliveries 
in many Asian countries. The effective 
control of anaemia must rank as one of 
the major challenges. In view of the 
poor bioavailability of iron from cereal
based ASian dietaries, the control of 
t h is proble m must depend on the 
administration of iron-folate tablets. 

The weaknesses in the presen t 
strategy of iron-folate supplementation, 
respons ib l e for the poor results 
obtain ed so fa r , need to b e identified 
a n d corrected. It is generally believed 
that the poor outreach of basic health 
care services, on which the programme 
has to depend , is mainly responsible 
for the present failure . While this may 
be so, there are two other important 
aspects that need to be considered 
especially with respect to the control of 
anaemia of pregnancy. 
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1. A great majority (nearly two
thirds according to some data) of young 
adolescent girls of 6-14 years in the 
countries of the Indian subcontinent 
are anaemic: and in a considerable 
proportion the anaemia is of moderate 
or severe degree. These girls enter 
marriage in an anaemic state: and 
pregnancy only serves to aggrava te 
preexisting anaemia. I had raised the 
question (3) as to whether the present 
strategy where iron-folate s upplemen
tation is limited to the last trimester of 
pregnancy will be adequate to reverse 
the anaemia under these ci r cum
stances: and whether it may n ot be 
appropriate to make iron-folate tablets 
freely available to all young girls in the 
countryside at least immediately a fter 
consummation of marriage . instead of 
waiting for the third trimester of preg
nancy. 

2 . On the other hand. there is now 
increasing eVidence p oin ting to the 
inh ibitory effect of inorganic iron on 
zinc absorption (4.5). Iron therapy in 
doses generally p r escrib ed in MCH 
care. is reported to have a measurable 
adverse effect on maternal zinc status 
(6). In view of the s uspected Widespread 
impairment of the content and bioavail
ab ili ty of soil zinc (and by in ference 
poor zinc content of foods grown on 
them). o n the one hand . an d th e 
reported effects of maternal zinc d efi 
ciency on the foetus on the other (7). 
this aspect needs careful investiga tion. 
As was pointed out ear lier . placed as 
we are. iron- fo la t e supplementa tion 
m ust be our mainstay for the control of 
a naemia; the question that needs to be 
examined however . is whethe r any 
precau tionary s teps would be neces
s a ry to prevent s ide effects. if any. 
following on intensive medication with 
iron in pregnancy. 

Considering that anaemia is still a 
major problem in many Asian countries 
it is important that national and inter
national agencies examine th ese issu es 
in th e light of available evidence and 

identify the most effective strategy for 
control of anaemia. 

2. The challenge of t he second 
phase 

Eradication of famines. decline in 
incidence of florid nutritional deficiency 
diseases and better child survival 
belong to what may be called the First 
Phase of the battle against undernutri
tion. Developing countries of Asia have 
accompli s h ed a good part of these 
maj or tasks of th is early phase. 
However ch il d survival cannot be 
equ ated with child hea lth. We have 
n ow to think beyond child survival and 
eradica tio n of flo r id deficiency 
diseases. Most Asian countries will 
soon be entering the Second Phase of 
their campaign against undernutrition. 
in which they will have to undertake 
the challenging task of ensuring the 
optimal nutrition of the "survivors". 
Stopping with the First Phase would 
r esult in no more than an expansion of 
the pool of substandard survivors and 
progressive eros ion of the quality of the 
huma n resources of Asia. There is no 
half-way house in this Journey. 

In my earlier wri tings (8) I had 
referred to this a s the "d a n gerous 
twilight stage" of development which 
msu t be trav ersed expeditiously. 
Maurice King (9) would call it the 
·'demographic tr a p". The answer 
certainly does not lie in slackening the 
drive for child s u rvival (and conniving 
at. what Mahler (10) rightly condemns 
as an excercise in "mass euthanasia"); 
but in opting for a health policy which 
views child survival not a s a n end in 
itself. but as no more than an inciden
tal by-product of our quest for optimal 
hea lth/nutrition of our children as part 
of overall socio-economic development 
of the fa mily a n d community. Our 
objective is not Just that our children 
survive, but that they live, grow and 
develop into h ealthy. produ ctive adults. 
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An integrated approach to Primary 
Hea lth Care h as be en the general 
accepted p olicy of m ost developing 
countries of Asia. However. the zealous 
pursuit of isolated components of th e 
integrated package as narrow ver tical 
p rogramme s - a nd t h e consequent 
crowding out of othc.:r components , has 
in recent years tended to distort th is 
approach: and the ben efit of synergism 
of m u tually reinforcing components of 
Health Care which ~s the essence of the 
integrated approach is lost. If Maurice 
King's (9) rather-provocative contribu
tion helps to discourage this trend. it 
wou ld h ave served som e useful 
purpose. 

Family p lanning 

In ord er t o traverse t h e second 
phase as expeditiously as they must, 
developing countries of Asia must over
come current deficiencies with respect 
to their family planning programmes. 
While these programmes have in recent 
years m ade headway, apart from 
Ch ina. in Thailand and Indonesia as 
well: and while Sri Lanka can boas t of 
an excellent record. other coun tries 
especially those of the Indian s ubconti
nent h ave sadly lagged behind. It Is 
possible that too much reliance on just 
the propagation of contraceptive tech
nology and too little a tten tion to the 
social determinants of large family size 
a mong the poor has been responsible 
for poor r esults . Imaginative 
programmes aimed at universal female 
literacy: raising the age a t marriage of 
girls. and promoting spacing of births: 
ed u cational and vocational training 
beamed to rura l adolescent girls (11): 
and towards active involvement of rural 
communities in health care - will need 
to be pursued vigorously. These latter 
approaches may have an impact on 
acceptance of family pla nning which 
earlier programmes directly attempting 
to promote contraceptive use have not 
had. 

That Asian children . when freed of 
the environmental constraints on their 
growth and development can attain a 
level of growth corresponding to the 
international (WHO/NCHS) standards 
has been demonstrated by the experi
ence of J apan. Recent studies in India 
(12) have als o shown that affluent 
In dian children in some parts of the 
country have alrea dy achieved a level of 
growth comparable to the International 
standard. Growth retardation currently 
widely seen in Asian countries then is 
not a reflection of an inherent genetic 
trait ; it is largely determined by envi
ronm enta l con straints imposed by 
poverty and deprivation. 

Secular trend with respect t o 
growth of children has h owever not 
been much in evidence among the 
poorer sections of popula tions of Asian 
countries . This is perhaps t o be 
expected in the current s tage of their 
developmen t. A time-lag between the 
point of attaining a saUsfac;tory level of 
child surviva an d the point of onset of 
a discernible secular trend in growth of 
the child population is perhaps to b e 
expected, because the immediate effect 
of increased survival in a poor commu
nity could be a ruther depression of the 
"average" level of growtl;1. This again is 
an a ttribu te of the "twilight phase" . 
Re a l success of national n u trition 
upliftment programmes must be even
t u a lly r eflected in improved growth 
performance of chil dre n of poor 
communities (no t jus t of a ffl uent 
s ections). The state of Kerala in India 
has been (like the country of Sri Lan ka) 
somewhat of a p ioneer in the fi eld of 
public health in Asia, an d had achieved 
declines of infan t mortali ty and birth 
rates of an order n ot achieved in the 
res t of South-East Asia . Th e latest 
surveys of the Indian Na tional Nutri
tion Monitoring Burea u (13) seem to 
indicate that the secular t r end even 
among poor population groups might 
have now started. at least in Kerala, 
the sentinel state of India. Perhaps, at 
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long Jast, we .are seeing the light at the 
end of the tunnel! 

It may be several decades before 
Asian children find fu ll expression to 
their genetic potential for growth and 
development. Even prosperous Japan 
had taken over four decades. The major 
challenge for Asian countries in th e 
next few decades is to ensure that this 
process of progressive unfolding of the 
full genetic potential for growth and 
developmen t of their ch ildren. is 
promoted and expedited with all the 
inputs that wi ll be ne eded for the 
purpose. 

In singling ou t progressive incre
ment in heights as a yard-stick of 
success, it is not implied that "tallness" 
is an end in itself. In an earlier publica
tion I had adduced evidence pointing to 
the significance of "heights of popula
tions a s an index of their nutri tion an d 
s ocio-economic developme nt" (1 4 ). 
As ian countries must firmly r ej ect 
counsels of despair implicit in such 
defeatist s logans as " small is h ealthy" 
"cultural adaptation " etc ; which in 
e ffect attempt to condition us to a 
policy of "adj ustment" to poverty ra th er 
than to one of combating and overcom
ing it. 

II Emerging challenges related to 
"development" 

1. Environmental degradation of 
land and water resources 

Th e re d eeming fe a ture in Asia's 
overall food /nutrition situa tion h a s 
been that the continent in general is 
blessed with a n a bun dance of land, 
water and natural resources , which. if 
properly h arn esse d. sh ould enable 
most Asian countries to raise adequate 
food to meet the growing needs of their 
populations. Unfortuna tely. however, 
many d evelop ing countries of Asia, 
fa ced with the pressing need to use 

available land and water resources for 
their immediate survival and for rapid 
industrial development, had failed to 
bestow a d e q uate attention to the 
conservation and j u dicious manage
ment of their precious land and water 
resources . Food/nutrition policies, and 
policies with respect to land and water 
use we r~ a pparently being largely 
dictated by short-term considerations 
which d id nQt. always keep long-term 
interests in view. As a result, develop
ing countries of Asia today face what 
may well turn ou t to be the greatest 
challenge to the very foundation of 
their food/nutrition system - namely, a 
progressive erosion of the productivity 
of thei r p r ecious land and wat e r 
resou r ces, on which the survival of 
their futu re generations will depend. It 
will be u nfortunate , if it turns out, that 
in its anxiety to ensure its own immedi
a te s u rvival. the present generation of 
Asia, through improvid ent use of its 
land and water resources , h ad 
irreparably jeopardised the s urvival of 
future gen erations. The challenge n ow 
is to ensure that the process of envi
ronmental degradatio n is a rre sted 
th rough appropriate immediate reme
dial steps. and through m ore judicious 
and optimal u se of land and water 
resources in future. 

We may b riefly review some major 
factors that have con tributed to erosion 
of land and water r esources in Asian 
countries. 

Degradation of land resources 

The maj or fa ctors c u rren tly 
co n tribu ting to the er osion of land 
r esources in developing countries of 
Asia have b een diagramrnatically illus
trated in Figure 1. It is estimated that 
25 billion tonnes of top soU are being 
lost annually from the world's c rop 
lands (IS). AsIan coun tries are appar
ently making a s ignificant contribution 
towards this enormous loss. 
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FACTORS CONTRIB'UTING TO DECLINING LAND PRODUCTIVITY 
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FIG. 1 

Diminished content of micronutrients 
(Zn, Cu, Mo, Mn, Fe) in foods 

Factors contributing to declining land productivity 
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Deforestation 
Extensive deforestation has been 

ongoing in several countries of Asia 
such as Indonesia. India. Bangladesh. 
Myanmar. Thailand and Philippines for 
some decades. While it is heartening 
that in recent years attempts are being 
made to control the denudation and 
degradation of forests. these have not 
as yet generally yielded significant 
results. The deleterious effects of defor
estation. soil erosion. flooding. water
logging. increasing soil salinity and 
alkalinisation. and diminished produc
tivity have been far-reaching. 

Unregulated use of modern agricul
tural technology 

The use of HYV and consequential 
need for intensive irrigation and chemi
cal fertilisers. had no doubt resulted in 
spectacular augmentation of food 
grain production in Asia; but there are 
disturbing indications that the Green 
Revolution. might have extracted a 
heavy price! The near-total jettisoning 
of organic manure. and or traditional 
systems of crop rotation and "slash and 
burn"; resorting to monocropping; the 
relative neglect of leguminous crops; 
are a ll apparently contribUting to a 
diminution in the content and bioavail
ability of important soil micronutrients. 
leading in turn to diminu tion of 
productivity of land. on the one hand. 
and impairment of micronutrient 
composition of foods grown on such 
depleted soils on th e other. The deletri
ous effects on soil. of deforestation and 
ambitious irrigation projects. are being 
compounded by those of intensive agri
cultural technology. 

The use of chemical fertilisers and 
pesticides in the countries of Asia has 
greatly increased in recent years. The 
fertiliser cons umption in India. for 
example. which was less than a frac
tion of a million tonne in 1950. is 
expected to incr'ease to 12 million 
tonnes by 2020 (I6). Moreover. the 

fertilisers that are now being used. 
unlike the earlier ones. are refined. 
high-analysis fertilis'ers which do not 
contain most of the micronutrients and 
minerals that existed in the earlier ones 
as "impurities". Intensive cropping with 
the use of such high-analysis fertilisers 
could result in substantial loss of S. Fe. 
Mn. Zn and Cu. Unless these micronu
trients are replenished. crop yields will 
progressively decline as indeed they 
have already started to do: for. after all. 
soil is not an inexhaustible source of 
such micronutrients. [nadequate use of 
organic manures and decreasisng 
proportion of legumes in the crop rota
tion are currently aggravating micronu
trient efficiency in agricultural soils. 
and a spectrum of micronutrient defi
ciencies in soils appears to be emerg
ing. Thus. according to a recent report. 
53°16 of both soils and crops in Andhra 
Pradesh. 50°16 in Punjab and 64% in 
Haryana in India. have been reported 
to be deficien t in zinc (I6). These soils 
are also reported to show deficienCies 
with respect to Fe and Mn but of a 
lower order. 

Agricultural scientists are already 
discovering that soil micronutrient defi
ciency is emerging as a major yield 
limiting factor. The far-reaching impli
cations of such depletion of micronutri
ents in the soil. with respect to human 
nutrition have however not yet been 
fully appreciated. 

Zinc deficiency 

Zinc deficiency in soils and plants 
has particularly emerged as a possible 
major factor in the wake of intensive 
application of modern agricultural 
technology. Studies in Bangladesh (17) 
have revealed the possibility of poor 
content of zinc in a wide range of foods 
- fruits. vegetables legumes. grains. 
grasses and fodder crops. Zinc defi
ciency has been particularly noticed in 
rice crops grown on alkaline. wet and 
water-logged soils. These findings 

9 



could be of far-reaching importance to 
the nutrition of human populations in 
South-East Asian countries. Zinc is a 
vital component of such important 
metalloenzymes as carbonic anhy
drase. peptidases. dehydrogenases and 
polymerases. 

The possibility that deficiency of 
zinc could have far-reaching public 
health implications. and possible bear
ing on three of the major nutritional 
deficiency problems of South-East Asia 
- namely protein-energy malnutrition 
(PEM). hypovitaminosis A. and 
anaemia. has to be seriously consid
ered. Zinc is a component of many key 
enzymes involved in protein synthesis. 
Zinc deficiency could therefore aggra
vate PEM and could be a factor 
contributing to growth retardation . 
Zinc deficiency could also induce 
reduction of RBP (retinol-binding 
protein) in plasma and liver. leading to 
poor mobilisation of hepatic vitarriin A 
to the target tissues. Thus zinc defi
ciency may be a factor in the pathogen
esis of hypovitaminosis A. The greater
vulnerabili ty of t h e rice crop to zinc 
deficiency could be reflected in poorer 
zinc nutritional status of rice-eating 
populations of Bangladesh and the 
eastern part of India; and this could 
partly explain the more pronounced 
endemicity of vitamin A deficiency in 
these regions rather than in the "wheat 
eating" western and nothern parts of 
India. 

Degradation of water resources 
Riverine and marine food resources 

are also apparently being steadily 
eroded. The growing threat to fisheries 
through environmental degradation 
must rank as a major challenge to 
several countries of Asia in the next few 
decades. 

Floods andjlood control measures 

The construction of embankments. 

dams. and regulators across rivers 
have seriously impeded upstream and 
downstream migrations of fish from 
rivers and seas and lateral migrations 
into ponds. seriously interfering with 
ideal conditions necessry for fish breed
ing. In Bangladesh alone over 814.000 
hectares have been claimed (18) to 
have become "flood-free" through such 
efforts: but these measures are also 
estimated to have resulted in perma
nent irreversible loss of 30.000 to 
45.000 metric tonnes of fish every year. 
Fish has always been an important 
and relatively inexpensive source of 
nutrients for poor communities in river 
basins and coasts. The erosion of fish
eries can thus seriously undermine the 
nutritional quality of diets in many 
poor households in Asia. 

Industrial effiuents 

Industrial establishments in the 
Gangetic plains, and on the banks of 
Yamuna in India and on banks of other 
rivers in Bangladesh, are today causing 
havoc to fisheries. The culprits are a 
whole arr~y of industries such as pulp 
and paper, textiles, tanneries, sugar 
dis tilleries, she llac , hydrogenated 
vegetable oils, coal washeries and 
petrochemicals. These industrial estab
lishments are discharging pollutants 
which are contributing not only to 
considerable diminution of fish catch 
but also to hazardous metallic / toxic 
contamination of fish from such 
polluted sources. 

The most notable metallic pollu
tants which pollute water sources in 
such Asian countries as India, Indone
sia. Bangladesh and Thailand are 
mercury, lea d , cadmium, copper, zinc 
and chromium; these heavy metallic 
contaminants not only persist over a 
long per iod but they a re a lso genera lly 
water -soluble. non-degradable and 
strongly bonded to polypeptides and 
proteins. In addition human waste and 
untreated sewage discharged into the 
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rivers and the coasts also make their 
own significant contribution to the 
overall damage. 

Pesticides 

Pesticides used extensively in 
modem agriculture are also an impor
tan t source of poIlu tion of water 
sources because of their indiscriminate 
use; in this regard agriculture and 
aquaculture seem to be at cross
purposes. Much of the sewage from big 
cities bordering the coasts is being 
currently discharged untreated into the 
sea; and 65% of Asian cities each with 
populations exceeding 2.5 million are 
located along the coasts (19)! 

The extent of loss of yield of fish, of 
poisoning of fish, and the extent of 
damage to huma n populations that 
such pollution is currently causing 
h ave not been quantified. Symptoms of 
poisoning are generally non-specific, 
and m any cases go undiagnosed, espe
cially, since most of the vic tims are 
drawn from the poorer sections of soci
ety. Since practically all the pollutants 
are powerful cellu]ar poisons. impair
ment of nutritional status must be an 
important part of the overall impair
m ent of the health status of these 
victims. The problems of undernutri
tion in poor Asian communities is thus 
being compounded by the problems of 
food contamination. 

Damage to coastal ecosystems 

It is estimated that by the year 
2 0 00 A.D. over 75°;6 of the human 
population will be living in a narrow 
strip up to 60 km, along the shores of 
continents (19). More than two-thirds 
of Asia's population is currently living 
within 100 km distance from the sea. 
The coas tal zones of Asia are thus 
today being subject to enormous popu
lation pressure. The denudation of 
mangrove forests, the degradation of 
coral reefs, the discharge of untreated 

sewage from coastal cities and towns 
and of effluents from urban industrial 
establishments, into the seas - are all 
adding up to a progressive dimunition 
in coastal and marine productivity and 
biodiversity (19). 

Global wanning 

On the top of it all comes the 
alarming estimate that by 2030 A.D. 
there may be a rise- of global mean sea 
level by about 18 cm (best estimate) as 
a result of global warming (19) - the 
"green house effett". This would imply 
that not just the fisheries, but the very 
existence of coastal cities and of the 
several cities"of vast human popula
tions inhabiting them, will be at stake, 
if energetic measures are not instituted 
to stem environmental degradation. 

The challenge is to evolve poliCies 
that will help to ensure that effective 
environmental safeguards '~re built into 
developmental programmes in a 
manner that will not retard or hinder 
development. In order to achieve this, 
feasible. inexpensive environment 
friendly technologies will need to be 
identified. and communities must be 
involved in their implementation. 

2. The urban challenge 

This has been truly the century of 
the "urban revolution". The countries of 
the Third World have witnessed 
massive urbanisation during the last 
four decades, with their total urban 
population soaring from 286 million in 
1950 to 1.14 billion in 1990 (20). The 
data in Tables 1 and 2 may provide 
some indication of the formidable 
dimensions of the urban challenge 
confronting Asian countries. Of 22 
cities of the world whose population is 
expected to exceed 10 million by the 
year 2000, as many as 13 will belong to 
Asia (Table 3). The urban challenge, as 
far as developing coun tries are 
concerned, is a growing challenge 
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because unlike in the case of the devel
oped countries where the populations 
of large cities are expected to stabilise 
or even reduce, the process of urbani
sation in Asia, Africa and Latin Amer
ica will acquire even greater dimen
sions tn the next few decades. More 
than a third of the urban populations 
in developing countries will be slum (or 
pavement) dwellers. Thus the urban 
population in India is expected to 
exceed 350 million by 2001 and of this 
over a 100 million will inhabit the 
slums (20). 

TABLE 2 

cholera and hepatitis among slum 
dwellers in major cities, are frequent. 
Factories located in the city outskirts 
discharge their toxic effluen ts in to 
rivers and ponds, thus adding to the 
pollution of water sources. Overcrowd
ing facilItates the spread of infections. 
Slums of big Asian cities are thus today 
fertile breeding grounds of communica
ble diseases. It is not surprising then 
that we are called upon to rely on ORr 
(Oral Rehydration Therapy) rather than 
improvement of environmental sanita
tion for the control of diarrhoeal 

Estimated urban population in Asia 1950 - 2000 

1950 2000 


Urban Population as percentage 
of total population (Asia) 16.4 35.0 

Urban Population as percentage 
of total population (China) 11.0 25.1 

Urban Population as percentage 
of total population (India) 17.3 34.2 

Total Urban Population in Asia (in millions) 225.8 1242.4 

Source: United Nations, Estimates and Projection of Urban, Rural and City Popula
tions. 1950 - 2025: The 1982 Assessment (New York. January 1985). 

Even as matters stand today. many 
urban centres of Asia are subject to 
major inadequacies with respect to 
water supply. sewage disposal, environ
mental sanitation. housing and trans
port. Even some capital cities in Asia 
currently do not have central water
borne sewerage systems and depend on 
septic tanks. cess-pools and pit 
latrines for collection of waste. the 
effluents being discharged into storm
water drains without any pre-treatment 
whatsoever. Inefficient drains. high 
water tables and periodic flooding 
makes water pollution a major health 
hazard. and. as a result outbreaks of 
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diseases! 

Rapid urbanisation at the present 
pace would inevitably impose enor
mous additional burdens. During the 
next two to three decades. there will be 
need for a two-to-three-fold increase in 
basic infrastructure. housing and living 
facilities in urban centres. The 
demands for clean water. sanitation, 
sewage disposal, schools. health 
sciences and transport will multiply 
enormously. The economic resources of 
the order that will be needed to meet 
this demand will be clearly beyond the 
means of many developing countries. 



TABLE 3 
Asian cities with populations exceeding 10 million in 2000 A.D. 

City Rank in 2000 Population in 2000 
(in millions) 

Tokyo 3 17.1 

Calcutta 4 16.6 

Bombay 5 16.0 

Seoul 7 13.5 

Shanghai 8 13.5 

Delhi 10 13.3 

Jakarta 13 12.8 

Baghdad 14 12.8 

Teheran 15 12.8 

Karachi 16 12.2 

Dacca 19 11.2 

Manila 20 11.1 

Beijing 21 10.8 

Source: Integration of environmental consideration into city planning in intermedi
ate cities by M.N. Buch - Asian Regional Conference on Urbanisation. Bogor. 
Indonesia 1991. 

The emerging scenario would thus 
indicate that the problem of ill-health 
and undernutrition in urban slums of 
Asia could become formidable in the 
years ahead. Health systems of devel
oping countries had so far (rightly) 
accorded higher priority (at least on 
paper) to rural health services in their 
developmen tal plans for the reason 
that rural populations far outnumber 
the urban ones. and generally have 
poorer access to health facilities. The 
urban sector may now need increasing 
attention and higher allocation of 
health-budgetary resources and indeed 
could consume a disproportionately 
large slice of national budgets. Urban 
slums becaus e of overcrowding and 
high "insanitation-concentration" could 
act as reservoirs and fountain-heads of 
infectious outbreaks which will not 
necessarily be confined to urban slum 
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populations alone. The concentration of 
microbial contamination in urban 
slums could frequently exceed the criti
cal levels needed for epidemic 
outbreaks. 

The changing occupation pattern of 
"working" women in urban slums could 
increasingly erode breast-feeding, and 
modify child-rearing practices. Studies 
by the Nutrition Foundation of India in 
three major cities of India - Bombay. 
Calcutta and Madras, nearly ten years 
ago (21) had revealed that breast-feed
ing practices in urban slums were in 
fact being seriously eroded - more so in 
some cities than in others; and 
commercial baby foods were being used 
increasingly (and unfortunately very 
improperly and unhygienically) for 
infant feeding. Comparative studies of 
rural and urban areas in earlier years 
had shown that in many cases, urban 



children were nutritionally better-off 
than their rural counterparts. Appar
ently higher levels of income and better 
access to health facilities had had 
their beneficial effects. But with 
increasing overcrowding and insanita
tion in urban slums, this picture could 
change in the years ahead. 

Asian countries will therefore need 
to develop imaginative policies to 
contain the growing challenge of 
urbanisation. Urbanisation cannot be 
arrested: but the pattern of urbanisa
tion can be changed in a manner that 
will make the urban challenge less 
formidable and more manageable. 
These policies must be directed 
towards discouraging the overgrowth of 
large cities to unmanageable propor
tions, and towards favouring the 
growth of small and medium-sized 
towns which will help to ensure equity 
with respect to access to welfare and 
an equilibrium in which a few large 
settlements will not dominate the rest 
of the society (20) . The policy must aim 
at a settlement system conducive for 
the generation of a continuous h1erar
chy of settlements ranging from village, 
small town, medium-size town. large 
city and metropolis . In such a scheme 
each settlement would serve a specific 
purpose and have a definite catchment 
hinterland with which it interacts. with 
both village and town. thus contribut
ing to industrial prosperity. The rural 
urban divide implicit in the concentra
tion of urban populations in a few 
megacities will be avoided and national . 
resources will be more equitably 
deployed and exploited. Problems of 
health and nutrition related to urbani
sation will be minimised. Without such 
a policy. rural areas will be at increas
ing disadvantage with respect to 
services and policies. while urban 
sl ums will become maj or foci of 
communicable diseases and undernu
trition. 

3. Ageing and demographic tran
sition 

Practically all Asian countri,es 
struggling to achieve socio-economic 
development. have during the last few 
decades adopted policies for the 
con tainmen t of the growth of their 
populations. These policies imple
mented vigorous~ in some countries 
like. say. China, and less vigorously in 
certain others. have resulted in varying 
orders of declines in their bIrth-rates. 
With improved health care and better 
access to modern health technology, 
these countries have also achieved 
varying orders of decline in their 
mortality rates and increase in life 
expectancy. The declines in fertility and 
mortality are bringing abou t a demo
graphic transition - speedier and more 
spectacular in countries which have 
been successful in achieving a signifi
cant decline in fertility and mortality. 
and less so in others. The dominant 
feature of this transition has been 
progressive ageing of their populations 
(Table 4). 

In the developed countries of 
Europe and North America. the ageing 
process had been spread over nearly 
two cen turies: because of this and 
because of their historic advantages, 
these countries had acqUired a level of 
economic prosperity which enabled 
them to cope with the ageing problem. 
before the la tter a ttained serious 
dimension. Even so, these countries 
are now discovering that the Utopia 
which they had hoped for with 
"successful" development and economic 
prosperity. had eluded them: and that 
they have also got into a "demographic 
trap" but of a different kind! Indeed it 
appears that a number of them are 
now considering strategies for their 
self-rejuvenation - (pronatalist. immi
gration etc). 

Developing countries of Asia will be 
in serious trouble if the proportions of 
old dependents in their populations 
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TABLE 4 

Projected increase in population (in thousands) 


Countries Increase in Total Increase :in Pop. 
~~p. by 2050 > 60 yrs by 2050 

Bangladesh 133586 13027 

Bhutan 1870 173 

Burma 46279 5292 

DPR Korea 19664 112288 

India 549330 23275 

Mongolia 2275 325 

Nepal 19316 1825 

Sri Lanka 12029 3141 

Thailand 43051 9849 

Total 926222 172882 

Source: Latest data (1990) from SEARO, WHO 

reach high levels b efore they have 
been able to overcome their problem of 
poverty. The ageing process in Japan 
started in the middle of this century, 
a n d within a matter of less than five 
decades, Japan seems to h&ve caught 
u p with Europe. What took two 
centuries in Europe was accomplished 
in five decades in Japan. It is envisaged 
that by the second decade of the 21 st 
century, the elderly (> 65 years) would 
outnumber the youth « 15 years )i and 
will constitute a quarter of the total 
population of Japan ( 22). But Japan 
has the economic strength to take care 
of the problem of ageing and escalating 
dependency ratio in its population. In 
Chin a, the ageing process has been 
even faster, and had been set off at a 
rapid pace in 1970 when it adopted its 
"one-child policy". It is estimated that 
the pop ulation (> 60 year~) which stood 
at 77 m illion in 1982 will rise to 298 
m illion in 20 25 amd 430 m illion by 
2050 (23). China has thus a real prob
lem on its hands. It is significant that 
there has been rethinking of the merits 
of the 'one-child-policy' and there is 

growing support for a less drastic "two
child" norm. 

In the countries of South and 
South-East Asia where fertility control 
policies are being pursued with varying 
degrees of success, there are wiele . 
differences in the present age struc
tures of populations (Figures 2, 3, & 4): 
the speed of the ageing ~rocess in these 
countries will also ~ry correspond
ingly. 

It may however be shortsighted 
everi on the part of poor developing 
countries of Asia to dismiss the chal
lenge of ageing as a distant one. The 
challenge will increasingly come to the 
fore in the years ahead. While it is true 
that the average proportion of the 
elderly (> 60 years) will escalate only to 
around 12% by 2050 in the poorer 
countries of Asia (24), in absolute 
terms the number of the elderly in 
these countries will rise by about 175 
million (Table 5). Policies to cope with 
the ageing process consistent with the 
resources and needs of these countries 
must be evolved. 
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TABLE 5 

Estimated and projected population above 60 years in South East Asia Region (in thousands) 


Countries 	 1980 2000 2050 

Bangladesh 	 3792 6504 16819 
(4.30) (4 .38) (7.58) 

Bhutan 65 110 238 
(5.02) (5.42) (7.52) 

Burma 215'5 3671 7447 
(6.11) (6.66) (9.13) 

DPR Korea 1028 1912 4715 
(5.75) (7.02) (12.55) 

India 33936 65655 146224 
(4.96) (6.83) (11.85) 

Indonesia 8012 14908 31287 
(5.4l) (7.50) (12.67) 

Mongolia 84 174 409 
(5.03) (6.48) (10.37) 

Nepal 719 1276 2544 
(5.03) (5.67) (7.57) 

Sri Lanka 943 1800 4084 
(6.37) (8.54) (15.21) 

Thailand 2330 4496 12179 
(4.95) (6.55) (13.52) 

Figures in brackets denotes percentages. 
Source: Latest Data (l990} from SEARO, WHO. 
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The problems posed by ageing of 
populations will have an important 
bearing on all sections of the society 
children, working adults and family. 
Reordering of priorities with respect to 
social security and health care, and 
employment (retirement), will become 
necessary. Family structures and value 
systems will come under increasing 
pressure. ·How far would it be possible 
for shrinking working adult popula
tions to sustain and support an ever 
expanding "elderly" population 
segment: to what extent, and for how 
long, would it be possible for extended 
families in Asian societies to take care 
of the growing numbers of elderly 
dependents in consonance with their 
established traditions: and what 
should be the nature and order of 
s tate-sponsored "collective arrange
ments" that would become necessary: 
what would be a reasonable allocation 
of health care/welfare "development" 
budgets as between children. on the 
one hand and the elderly on the other 
say as between schools and old -age 
homes ? These are some of the agonis
ing questions which policy-makers and 
planners of Asian Countries may have 
to grapple with in the next two 
decades. These are questions which 
cannot be evaded for long. 

In developing countries of Asia, the 
problem of ageing will call for specific 
action (Table 6) in the following areas:

(1) Health welfare and employment 
programmes for sustaining physical 
stamina and productivity of at least the 
populations in the 60 to 70 years age 
group so that they earn at least a part 
of their livelihood on their own. This 
will call for special arrangements with 
regard to health/nutrition care of the 
"old" age group. 

(2) Since Asian dietaries are 
predominantly cereal-based and since 
with re d uced calorie in take, these 
dietaries could become marginal or 
deficient with respect to protein, vita
mins and minerals, special 
programmes for nutritional support to 
the poor "elderly" will become neces
sary. 

(3) Elderly women will h ave to be 
treated as a specially "vulnerable" 
group, for the reason that: (a) because 
of relatively longer life-expectancy they 
are likely to outnumber elderly men, 
and (b). with increasing urban migra
tion of able bodied youths, increasing 
number of destitute women wiU be 
"stranded" in villages. It is estimated 
that even, as of now, nearly two-thirds 
of single households in India are 
composed of wonlen though single 
households represent just 6.5% of all 
households in the country (25). 

(4) EvolVing a system of care for 
the aged which reflects Asian traditions 
of parental care and extended families, 

TABLE 6 
Strategies for coping with the problem of ageing 

1. 	 Sustaining productivity of the Aged (at least 60 - 70 years age group) 

2. 	 Special attention to Elderly Women - a speCiality vulnerable group 

3. 	 Ensuring nutritive value of dietaries in the context of reduced calorie intake 

4. 	 Encouraging fa mily support to the Aged in preference to State sponsored 
Collective Support 

5. 	 Encouraging development of geriatrics as a Public Health Specialty 
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as well as the compulsions of the 
modern era - a system which provides 
encouragement and support (through 
tax concessions and allowances) to 
families supporting elderly parents on 
the one hand, and also support 
through state-sponsored "collective 
arrangements" like old age homes etc 
on the other. 

(5) Developing geriatrics as an 
important speciality in the medical 
curriculum and the setting up of geri
atic clinics in hospitals and health 
centres for prompt health care to the 
aged. 

Concluding comments 
~ Developing countries of Asia thus 

today face formidable challenges. But 
Asia is also fortunate in many ways ; 
and, as the saying goes, we must not 
fail to "count our blessings". 

While Asian countries face many 
handicaps, they also enjoy some inher
ent advantages. The challenges which 
even poor countries of Asia face today 
are much less arduous and exacting 
than those confronting some of the 
unfortunate countries of Africa. Asia 
unlike several parts of Africa, has land, 
water, and food resources within its 
borders, which if properly harnessed 
and managed should be adequate to 
meet practically all the food needs of its 
populations. The institutional infras
tructures, the material/manpower / 
natural resources, which are available 
within Asia are no doubt c u rrently 
inadequate to meet the demands of its 
growing populations and are also not 
being effectively deployed presently. 
Asia is certainly not starved of techni
cal talent. despite the fact that much of 
it currently gets "exported". Asia can 
stand on its own feet. The challenge is, 
to enable it to do s o. 
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countries 
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Monash Medical Centre, Clayton 3168, Melbourne, Victoria, Australia 

Models of transition 

Although it Is the majority cultures 
of developed countries that receive 
most attention in so far as the impact 
of industrialisation on health outcomes 
is concerned, indigenous populations of 
countries previously subject to coloni
sation are usually affected to a greater 
extent (26) (Table 1). These populations 
often remain In transitional state 
between their traditional lifestyle and 
the city, in what is described as a 
"periurban" lifestyle. By comparing 
these groups it has become clear that 
the impact of urbanisation is progres
sively unfavourable on such peoples (4, 
38) (Figure 1). Presumption has been 
that urbanisation will have been princi
pally unfavourable to the majority of 
populations who live in such cities as 
well. However, comparisons between 
urbanised communities in different 
parts of the one nation or [rom nation 
to nation reveal that there must be 
many other factors which in teract with 
urbanistion to affect health outcome. 

TABLE 1 
Models of Transition in Developed Countries 

Immigrant populations, both old 
and recent, allow for a further disssec
tlon of some of the questions about 
food intake and health outcome with 
progressive societal change (40, 42, 
48). Changes in food in take and 
colorectal cancer rates amongst immi
grants to Australia are such an exam
ple (32, 42) (Table 2, Figures 2a, 2b). 

Food culture is composite of many 
variables and there has been a particu
lar need to develop cross-culturally 
robust methodologies for nutritional 
status and health status (25). Studies 
now underway within and between 
countries of different cultural groups 
are shedding important light on food 
health relationships (19). 

It seems likely that significant 
common denominators for difference in 
nutritionally related health outcomes 
between communities, and with the 
passage of time, include both educa
tion and socio-economic factors 
(16) . As educational and socio
economic status improve, so also does 

1. Indigenous populations 
2. Urbanisation 
3. Immigrant populations 

(1 ) Old immigrant 
(2) Recent immigrant 

4 . Cross-cultural comparisons 
5. Educational and socio-economic differentials 
6. Age dependency 
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FIG. 1 Life expectancy at birth for Aborigines and selected countries, 1985. 
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TABLE 2 
Foods and beverages for which consumption differed by 5% or more between Greek 
migrants resident in Australia for shorter «1'6 years) and longer (>16 years) periods 

Percent consumption by long-stay 
group and difference from short-

Food Item Milk and Milk products 
stay group (in brackets) 

Males Females 

Cereals 
Pasta dishes 12(-5) 13(0) 

Milk and Milk products 
Cheese 56(-9) 65(+6) 

Meats 
Pork . Ham and Bacon 36(+ 11) 12(+2) 

Vegetables 
Potatoes 39(-3) 36(-5) 
Pulses 15(+6) 8(+2) 
Wild leafy greens 10(-4) 10(-5) 

Beverages 
Tea 45(+15)1 51(+18) 
Soft drinks 32(+5) 25(+1) 
Beer 28(-6) 8(-2) 
Wine 26(-5) 12( -6) 
Water 16( -5) 24(-3) 

Source: Rutishauser IHE & Wahlqvist ML. Proc Nutr Soc Aust 1983: 8:49-55 

food variety. Diseases which are puta
tively. nutritionally - dependent like 
diabetes and cardiovascular disease are 
also related to social class ratios rrable 
3 and Figure 3). 

It is also clear that one of th e most 
significant confounding variables in a 
consideration of transitional societies 
and their health is age. Whilst there is 
a great deal of h omogeneity about 
biological age for a given chronological 
age in childhood. such is not the case 
in later life. Thus the elderly in an 
indigenous population like that of peri

24 

urban Aboriginal Australians are 
younger in chronologic1 age than those 
of Caucasians in the same country. At 
the moment. the methodological ability 
to take account of chronological age 
exceeds that for biological age (51). 

Dietary tolerance 

Although foo d intake may b e in 
transition from one pattern to another. 
its impact on health status will depend 
on tolerance to change. This is a famil
iar concept with functional reserve 
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TABLE 3 

Effects of education and socio-economic status {occupation and income) on food variety amongst 
Melbourne Chinese 

Education (yr) 

0-6 
7-9 
10-12 
13+ 
Significance level 

Occupational status 

Professional/ 
administrative 
Clerical/sales 
Trades/selVices 
Home duties 
Significance level 

Income (AU$ PAl 

0-12,000 
12,001-22,000 
22,001-40,000 
40.001
Significance level 

Men 

"BV" 

69.7 
77.4 
78.1 
84.9 

84.6 
80.1 
76.8 
76.7 

76.3 
75.6 
79.1 
85.0 

"PV" 

j8.5 
45.9 
47.7 
56.3 

56.8 
50.9 
46.3 
41.2 

44.5 
44.6 
49.0 
57.1 

Women 

"BV" 

73.1 
75.7 
81.1 
85.1 

85.1 
78.8 
77.0 
75.1 

76.2 
77.1 
78.6 
82.3 

42.6 
45.6 
50.9 
58.2 

57.5 
49.3 
46.4 
45.5 

44.7 
45.8 
49.9 
54.6 

NS. not significant;·. p<0.05; ••. p<O.O 1; •••• p<O.OO 1; ••••. p<O.OOO 1. 
"BV" is biological variety; "PV" is product variety 
Source: Hage & Wahlqvist. unpublished data 

Colon cancer 

Diabetes 

Cardiovascular disease 

Other cancer 

Stroke 

Stomach cancer 

Other accidents 

Lung cancer 

Respiratory disease 

Motor vehicle accidents 

o 	 2 3 4 5 
Risk ratio 

(a) 	 Ratio of age standardised death rato for lowest social dass to age standardised 
death rate for hiShest social dass. Social class defined by using Congalton 4-point 
sea'!€! classification of occupation. 

Source: McMichael 1985 

FIG. 3 Social class risk ratio (a) for selected causes of death, males. 1970. 
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capacity in organs like the heart when 
one is considering. for example. the 
impact of unplanned physiological 
stress or of myocardial disease. The 
measurement of variation in food 
intake and how it relates to health 
outcome is in its infancy. Food variety 
is one such approach (Tables 3A. 4). A 
recent paper and editorial in the New 
England Journal of Medicine on Varia
tion in Energy Intake in Children and 
the extent to which it comes out on 
target over weeks is illustrative of this 
point (5. 12. 15)1. What is more is that 
the ability to make these adjustments 
in energy intake might ultimately be a 
predictor of energy imbalance reflected 
in obesity. Perhaps related to this 
consideration is the emerging applica
tion of CHAOS Theory to human biol
ogy (l8. 24). Apparent disorder may 
well be a marker of health. 

TABLE 3A 

Models for enqUiry into dietary 
tolerance will include those of intra
individual variation. of intra-cultural 
difference (which otherwise might be 
regarded as inter-individual difference) 
and inter-cultural difference. 

FavourabUity and unfavourability of 
transition. 

Transition may result in both 
favourable and unfavourable outcomes. 
Throughout the twentieth century. food 
cultures in almost every country have 
been undergoing radical change. with 
only the more remote and isolate main
taining high degrees of traditionality. 
Within Europe. the advent of the Euro
pean Economic Community (EEC) has 
made major inroads on the food tradi
tions of southern Europe. The progres
sive introduction of western food tech-

Food variety as a determinant of cardiovascular risk in Melbourne Chinese women 
(48) 

"Biological variety" "Product variety" 

b (se) p b (se) p 

SBP(mmHg) -0.49 (0.12) •••• -0.41 (0.10) •••• 
DBP(mmHg) -0.069 (0.059) NS -0.052 (0.048) NS 

CHOL(mmol/l) -0.015 (0.0064) • -0.014 (0.0052) •• 
TRIG(mmol/l) -0.0093 (0.0045) • -0.0077 (0.0037) • 
HDLC(mmol/l) 0.0041 (0.0021) NS 0.0031 (0.0017) NS 

LDLC(mmol/l) -0.014 (0.0058) • -0.013 1(0.0047) •• 
LDL/HDLC -0.017 (0.0052) •• -0.015 (0.0042) ••• 
BMI(Kg/M2) -0.027 (0.018) NS -0.036 (0.014) • 
Waist to ratio -0.0015 (0 .00043) ••• -0.0012 (0 .00035) •••• 

Fasting glucose 

(mmol/l) -0.025 (0 .0086) •• -0.020 (0.0070) •• 

NS. not significant; •. p<0.05; ••. p<O.O 1; •••. p<O.OO 1; ••••. p<O.OOO 1 
Source: Wahlqvist. Hage. Powles. Oliver & Balazs. 1991 
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TABLE 4 
Food variety and arterial wall characteristics (diabetics and healthy) all subjects 
(50). 

Total Plant 

0.31·A-I compliance 0.38·· 

-0.31· 
P-W damping 

Common femoral 
Posterior tibial 

• p<0.05; •• p<O.O 1 
rs is Spearman's rank correlation effiCient; AL is aorto-iliac; P-W is pulse wave. 
Source: Wahlqvist, Lo, Myers, 1989; ref (50) 

nology into China represents the begin colorectal cancer is probably due to a 
nings of significant change in Chinese separate set of dietary factors which 
food habits. The surge of development were responsible for the expression of 
in food technology in Japan is on the gastric cancer in the past, there is a 
threshold of making major shifts in considerable prospect of retaining the 
thinking and will blur the occidental gains whilst addressing the new nutri 
categorisation of food as food and tionally related health problem. 
medicine as medicine, since this has Amongst the most impressive trend 
never been a sharp distinction in orien disparities have been the changing
tal thought. rates of coronary heart disease in 


For all of these maj or changes in different countries (2) (Figures 4 and 5) 

food production, supply routes, and in cancer deaths (Figures 6 and 7). 

processing, and family eating traditions On the other hand, both insulin depen
in recent decades, overall life dent (41) and non-insulin dependent 
expectancy has, in general. improved. diabetes (54) appear to be on the 
This probably reflects a progressive increase in most places (17) (Table 5). 
identification of those aspects of food Unlike selective pharmacotherapy. 
consumption favourable to health. It food has the propensity to favourably 
also simply reflects a more abundant influence health on several fronts at 
food supply, so that less starve or the same time such as cardiovascu
suffer from specific nutrient deficien lar disease, neoplastic disease, and. 
cies. What is less clear is how the diabetes and osteoporosis. To under
myriad non-nutrient components of stand these possibilities, it is necessary 
food, also now available in abundance to understand the relationships 
through a greater and more diverse . between food patterns and disease 
food supply have favourably patterns (47). 
contributed to our life expectancy and 
health. Admixture of under-and over-nutri

tionSome hea lth problems have 
increased as others have decreased. When we speak of under-nutrition, 
Good examples are the increase in we generally refer to protein-energy 
colorectal cancer as gastriC cancer has malnutrition, although we may also 
decreased (32). Since the increase in refer to specific nutrient deficiency. By 
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TABLE 5 
Prevalence of abnormalities of glucose tolerance 
Australian non-aboriginals Standardised for age over 25 years 

1966 	 1981 
(Busselton) 

Impaired glucose tolerance 2.9% 

Known diabetes 2.5% 

All diabetes 3.4q~ 

Source: Glatthaar C. Welborn TA. Stenhouse NS. Garcia-Webb P. (1981). Ref. (17). 

Japan - -k. 


France - - A. - - -' . 


Spain (a) - - -k. - - - • 


Greece (a) - - - A - - - - • 


Yugoslavia - - - -A - - - - • 


Chile - - - - - -k - - • 


Italy (a) - - - -k. - - - - • 


Switzerland - - - - .... - - - - - - • 


Poland - - - .A - - - - - - - - • 


East Germany - - - - - - - .... - - - - - - - • 


Netherlands - - - - - -A. - - - - - - - - • 

• Males

West Germany - - - - - - -k. - - - - - - - - • 
... Females 

Israel (a) - - - - - - - - - - ... - - - - - - • 


Canada - - - - - - - - ... - - - - - - - - • 


USA - - - - - - - - - A - - - - - - - • 


AUSTRALIA - - - - - - - - - -k - - - - - - - - • 


Iceland - - - - - - - - A. - - - - - - - - - - • 


Norway - - - - - - - -k - - - - - - - - - - - • 


Malta (b) - - - - - - - - - - -... - - - - - - - - - • 

Sweden - - - - - - - - -k - - - - - - - - - - - • 

United Kingdom - - - - - - - - - - A - - - - - - - - - - - - • 

New Zealand (a) - - - - - - - - - - - A - - - - - - - - - - - • 

Ireland - - - - - - - - - - - ... - - - - - - - - - - - - - • 

USSR - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - - • 

o 	 50 100 150 200 250 300 350 400 450 5D0 

Deaths per 100,000 popUlation 

(a) Greece; Italy. Israel and New Zealand 1986, Spain 1985 
(b) Malta intefPOlated from 1986 and 1988 


Source: World Heatth Organization 1988; 1989 


FIG. 4 Coronary heart disease deaths. age standardised rates. selected countries. 
1987. 
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Males 	 Females 
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Source: World Health Organization 1988 

FIG. 5 	 Coronary heart disease deaths, changes in rates, selected countries, 

1965-69 to 1980-84. 
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Israel (a) - - - - - - - - - - - - - - ... - - • 


Sweden - - - - - - - - - - - - - - .... - - - - - 

Malta (b) ' _ - - - - - - - - - - - -k - - - - - - • 


Iceland - - - - - - - - - - - - - - - - - - ... - • 


Chile - - - - - - - - - - - - - - - - -. - - - • 


Greece (a) - - - - - - - - - - - A - - - - - - - - - • 


Yugoslavia - - - - - - - - - - - - ~ - - - - - - - - • 


Norway - -. - - - - - - - - - - - - -k - - - - - - • 


Japan ,- - - - - - - - - - - A,- - - - - - - - - - • 
 • Males 

Spain (a) - - - - - - - - - - - A - - - - - - - - - - - • A Females 

East Germany - - - - - - - - - - - - - - -II. - - - - - - - - • 

USA - - - - - - - - - - - - - - - -k - - - - - - - • 

AUSTRALIA - - - - - - - - - - - - - -A- - - - - - - - - • 

Canada - - - - - - - - - - - - - - - A. - - - - - - - - • 

New Zealand (a) - - - - - - - - - - - - - - - - - A - - - - - - - • 

Ireland - - - - - - - - - - - - - - - - - - J.. - - - - - - - • 

Switzerland - - - - - - - - - - - - - - -.at- - - - - - - - - - - • 

USSR - - - - - - - - - - - - -. - - - - - - - - - - - - - • 

West Germany - - - - - - A- - - - - - - - - - • 

United Kingdom - - - - - - - - .... - - - - - - -  . 
Italy (a) I - - - - - - - -	 - - - - - - .. - - - - - - - - - - - - - • 

Poland - - - - - - - - - - - - - -:,-k - - - - - - - - - - - - • 

France - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - • 

Netherlands 	 - - - - .... - - - - - - - - - - -  - . 
o 	 50 100 150 200 250 300 350 

Deaths per 100,000 population 

(a) Israel, Greece, New Zealand and Italy 1986, Spain 1985 
(b) Matta interpolated from 1986 and 1988 

Source: Wodd Heatth Organization 1988; 1989 

FIG. 6 Cancer deaths, age standardised rates, selected countries, 1987. 
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over-nutrition we generaly mean posi
tive energy balance, reflected in exces
sive body fat. Clearly, then, it is possi
ble to have a combination of a nutrient 
deficiency li ke that of protein or 
thiamin and obesity. The problem of 
obesity continues to worsen in devel
oped countries like Australia (34, 35, 
36) (Figures 8a, 8b, 8c). However, there 
is a growing awareness that the prob
lem of obesity is also on the rise in 
developing countries, from Asia to 
Africa. Yet, in developing countries, 
the combination of under- and over
nutrition is more flagrant since the 
probJems of nutrient deficiencies have 
not been solved as the problem of posi
tive energy balance has emerged. The 
basis of this nutritional complexity is, 
presumably, that, on the one hand, 
opportunities for physical activity are 
declining and, on the other hand , the 
nutritional quali ty of food is not 
improving commensurately. If we are 
less physically active and need to 
achieve energy balance at a lower plane 
of energy nutrition, then the nutritional 

% 

quality of the food we eat must improve 
(44, 46). The incorporation of more 
anima) fat and refined carbohydrate 
into the diets of peoples whose level of 
physical activity is declining is a recipe 
for obesity. 

Improved life expectancy in the face 
of an increasing prevalence of obesity is 
itself an interesting nutritional situa
tion (Figures 8a, 8b, 8c). That factors 
other than obesity allow us to cope 
with it better does not deny the adverse 
potentia] of obesity itself. Indeed. to 
avoid it would presumably be to make 
even greater health gains. Much more 
work is needed. nevertheless. to know 
how much these gains are really possi
ble. 

As in other areas of so-called 
"nutritional status", determinants of 
body fatness are not always nutritional. 
This is particularly evident in relation 
to abdominal fatness. currently 
appraised by a waist/hip ration (WHR)I 
(10). For example. gender .physical 
activity itself. cigarette smoking and 

20,-~------~--------~--------------------______~_______ 

15 

10 

5 

o 

~------· -----------------~ 

25-9 30-4 35-9 40-4 45-9 50-4 55-9 60-4 

Age groups 

c'.···; j Men III Women 

NHF of Australia 
Risk Factor Prevalence Survey 

FIG.8a Obesity {BMI-Wf/lIT2 > 30)1estimates for 1983 men & women. 
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FIG.8b. Obesity (BMI = Wf/I-IT2 > 30) estimates for 1989 men & women. 
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FIG.8c. 	Obesity (BMI = Wf/HY2 > 30) percentage changes from 1983 to 1989 men 
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alcohol can all contribute to the distri  TABLE 7 
bution of body fat (10). 

The problems of combined under
nutrition and over-nutrition are likely 
to be most consequential during growth 
and development in childhood. during 
the reproductive years in a woman's 
life, and in later life. In the aged, 
obesity may be less predictive of resid~ 

uallife expectancy than in younger life, 
whilst reduced lean mass signals 
protein deficIency and proneness to 
immunodeficiency (6) . 

Factor interplay 
Food intake is predictive of particu

lar health outcomes in its own right 
(14, 27, 28, 44). 

However. the extent to which food 
intake is adverse will depend on the 
interplay with key variables such as 
physical inactivity, substance abuse (in 
particular alcohol. tobacco, addic tive 
drugs. and prescription medications), 
along with environmental factors and 
aging itself (Table 6). 

TABLE 6 
Factor Interplay 

Food intake 
Physical inactivity 
Substance abuse 
Environmental factors 
Ageing 

Non-communicable diseases 
Premature death 

For much of human h istory. infec
tious disease has been the major cause 
of premature death and . for women , 
the problems of childbirth . As the prob 
lems have b ecome increasingly under 
control in developed countries, oth er 
causes of premature d eath h a ve 
emerged as of greater con se qu e nce 
(Table 7) (1 ). 

Maj or non-communicable diseases 
accoun ti ng for premature death in 
developed countries. 

Directional 
Change 

l. 	Obesity til 
2. 	 Macrovascular Disease W 
3. 	 Certain Cancers ttE>-~ 
4. 	 Osteoporosis In 
5. 	 NIDDM In 
6 . 	 Alcohol-Related 8» 

7 . 	 Immunodeficiency in 
the aged 

8. 	 Dementa 

A remarkable ph en omen this 
century is that , although most of the 
impr ovem ent in life expectancy has 
b een attributable to decrease in infant 
mortality in developed countries, there 
has been a clear increase in life 
expectancy at age 80. becoming more 
in evidence from the 1960 's onwards. 
Thus, in Australia, for men, aged 80. in 
1960-62 the life expectancy was 5 .6 
an d , for women aged 80, 6. 7. by 1988 
this was 6.7 for men and 8.4 years for 
wome n (1). Life expectancy in, for 
exa mple, J apan and Iceland, still 
exceeds those in Australia, so that 
there r emains more potential for 
improvement yet. Even in Japan a nd 
Iceland, premature death is sti ll in 
evi dence and greater gains in life 
expectancy must be possible. Maximal 
ach ievable life-span, however, must be 
dis tinguished from life expectancy and 
it r e mai ns unclear what maximal 
achievable life-span m ight be, with 
most regarding it as in the vicini ty of 
120 years . 

Pattern of eating 

For m ost of the human experience, 
we were hunters and gatherers (13, 
46). Provided the food on which we 
nibble or graze is not rich in animal fat. 
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it would appear that this pattern of 
eating is conducive to health or, at 
least, reduced cardiovascular risk (22). 

A pattern of food intake which is 
low in refined carbohydrate and low in 
animal fat, low in sodium, high in 
unrefined carbohydrate and in fish is 
the one that appears most conducive to 
long life expectancies and low morbid
ity rates (Table 8) (33). 

More attention needs to be given to 
description of food intake by way of 
integrated or comprehensive indices. 
For example, the ' mathematical treat
ment of food variety and its predictive 
power for health outcomes is highly 
desirable (29, 48, 50). 

' 

Not all of the current dietary gUide
lines to encourage plant food can 
necessarily be read at face value. For 
example, in Australia, a major contrib
utor to increased fruit consumption 
has been an increased consumption of 

TABLE 8 

fruit juice (3, 8, 9). The loss of physico
chemical properties of fruit in the 
production of fruit juice may lead to 
significantly different metabolic profiles 
for glucose and insulin (21). 

Industrial urbanisation 

Urbanisation has brought with it 
significant changes to the food supply. 
For food to be available remote from 
agricultural production, its transport, 
processing and storage are required. 
There Is a stimulus to a more assured 
food supply, prOVided it can be 
afforded. The food chain can also be 
more precarious when any link in the 
chain is broken. Urbanisation can 
bring with it the possibility of urban 
gardens, and it has been estimated, 
that in some parts of the world as 
much as 250/0 of fruit and vegetable 
production can be obtained locally in 
an urban setting. A degree of affluence 

Pattern of eating and non-communicable disease 

Effect of Industrial Urbanisation 

• 	 Nutrient 
In Saturated Fat 
WUnrefined Carbohydrate 
&Sodium 
&Alcohol 

• 	 Food 
WFish 
WFruit (? Juice) 

• 	 Food Preparation/Technology 
~ Fried 
~ Extruded 
? Reassembled 
? Simulated 

• 	 Meal/Snack Pattern 
ti Fatty 

• Elimination of Seasonal Variation 
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and of major ecological change is, 
nevertheless, the requisite for this local 
availability. A sense of loss of control 
of food supply through less involve
ment in production and in preparation 
can be of consequence to food choice. 
With time, less and less food prepara
tion is taking place in the domestic 
home and convenience brings with it 
more and more change in eating 
habits. The western urban food supply 
has become characterised by salty and 
fatty foods from fast-food outlets. A 
major effort to enable convenience to be 
part of a healthful food supply is now 
in eVidence in newer food and nutrition 
policies. 

Nutrition-health pathways 

An example of how one disease 
type, macrovascular disease, can arise 
from several nutritionai inr'ltS is 
shown in "Pathways to Macrovascular 
Disease" (37, 44, 46) (Figure 9). This 
same concept applies to other disease 
entities such as diabetes, osteoporosis 
and various neoplastic diseases (31, 
39, 49, 52, 55, 56). 

The new communicable dise,ases 

The World's major health problem 
complex in developing countries 
remains that of malnutrition and infec
tious disease. 

However, in developed countries, a 
new nutrition ~communicable disease 
complex may be emerging. With 
advancing years, and the advent of a 
chronic disease itself, immune status 
may deteriorate. The extent to which 
this is nu tritionally preventab le or 
reversible is an important question (6). 
Some of it would a ppea r to be n u tri
tionally-dependent (Table 9). 

New agents or modes of transmis
sion of infection may also give food 
intake a changed relevance. For exam
ple, HIV positive indiViduals, as th e 

AIDS complex develops, develop 
significant nutritional problems. Again, 
there have been concerns that antibi
otic resistance may have, in part, 
emerged because of animal production 
practices. New food-borne diseases are 
distinctly possible (23, 53). The greater 
use of fruit juices has, in Melbourne, 
Australia, led to an outbreak of Rota 
virus induced gastrointestinal tract 
illness. The problems of Listeriosis have 
been Widely canvassed (23, 53). 
Whether new food technologies, allow
ing the production of so-called "func
tional food", "deSigner foods" and "food 
analogues" will alter the opportunities 
for food-borne diseases remain to be 
seen. 

Well-being 

As the prospects for long life 
expectancy improve and excessive 
morbidity decreases, more and more 
people have become interested in well
being in itw own right (Table 10). Its 
assessment requires better measure
ment than at present available. It may 
be self-reported or reflected in health
seeking behaviour. 

It is worth n oting tbat a sence of 
well-being is likely to depend on how 
adequate or available food is. Again, 
one of the functions of food is to facili
tate social activity. The pleasures of 
food which derive from its presentation 
are important in their own right. The 
frequency of food ingestion has ben 
much discussed in relation to well 
being. Most of the evidence in favour of 
particular mealtimes and breakfast 
wou ld suggest that the value of these is 
culturally bound (11, 12). 

A maj or phenomenon in contempo
rary s ociety h a s been an appeal to 
increase nutrient intakes to improve 
well-being (42). 

There is a legitimate interest in the 
many classes of compounds in food 
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TABLE 9 

Changing face of communicable disease of nutritional relevance 

(a) 	 The immunodeficient 

aged 
wasting disease (e.g. neoplastic, chronic inflammatory bowel disease) 

eating disorders 

immunotropic infection (HIV) 

(b) 	 Food-borne 

newer food technology 
Listeria monocytogenes in daIry products 

Rota virus in fruit juice (Australian outbreak of 1991) 


food irradiation (contamination without spoiling) 
newer cooking techniques 

Inappropriate microwave cooking 

FIG 9. Pathways to macrovascular Disease. 

Food 

Abdominal Plasma Blood Glycaemic Platelet Cardial Cardial 
Fatness Lipoprotein Plasma Status Function Substrate 

Utilisation 

ISchaemic Heart Disease 

Mobidity & Mortality 
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TABLE 10 	 biennial report of the Aus tl'alian 
Well-being In stitute of Health, Au stralian 

Government Publishing Service 
Its measurement Canberra; Chapter 2, pp 7-40. 

self-reported 2 . Australian Institute of Health . 
health-seeking behaviour Australia's health 1990. The second 

biennial report of the Aus tralian 
Its food dependency Insti t ute of Health, Australian 

food supply and availability Government Publishing Service 
manner of eating (social Canberra; Chapter 3, pp 41-78. 
activity/ presentation/frequency) 

3. 	 Baghurst K, Crawford D, Record S,
nutrient intake Worsley A, Baghurst P, Syrette J . 
non-nutrient intake The Victorian Nutrition Survey, 

Part 1 - Food intakes by age , sexwhich may have biological imp or
and area of residence. CSIRO Divitance,but not be regarded as nutrient. 
sion of Human Nutrition AdelaideAn example of such a class of 
198 7. compounds, phytoestrogens, is o f 

particular relevance t o peri  4. Bastian P. Coronary heart disease 
menopausal women (55). in tr ibal aborigines -the west 

Kimberley survey. Aust /NZ J Med 
1979: 9: 284-292. An ecological approach 

5 . 	 Birch LL, Johnson SL, Andresen G, 
Ultimately the food chain may be Peters JC, Sch ulte M. The variabil 

more importa nt for our health than ity of yo u ng children's energy 
nutrient pathophysiology (Table 11). in take . New E n g J Me d 19 91: 
Th e ne e d fo r a su s tai nable food 324(4): 232-263. 
production with m inimal impact on 

6 . 	 Boyce NW, Lu kito W, Chandra RK.th e environmen t, will in creasingly b e 
Nutrition a n d Immunity . Medicalpa r t of food and nutrition policy. Th e 
Prac tice of Preve ntive Nutrition,new "nutrition in trans ition" will b e a 
Ed ited by M.L. Wahl qvist and J.re- d irection of it with an ecologicl 
Vob ecky 1992 (In press).consciou sness (45). 

7. 	 Ch ong YH , a n d Pan g CWo Serum 
lipids , blood p r essure and bodyTABLE 11 
mass index of Orang As H: Possible 

Requirement for an ecological approach effec t s o f evo lving dietary and 
to nutrition in transition s ocio-econ omic cha nges. Proceed

ings of the International Workshop 
Food production on the Effects of Alteration of Food 
Food transport Habits on Health , Osaka, December 
Food storage 1978. 
Food processing 
Food packaging 8 . Department of Comm unity Services 
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Introduction 

I am honoured to have b een asked 
to give the Plenary Lecture at this pres
tigious Congress. It is a unique honour 
and I shall cherish this occasion for a 
long time. Although I now work in 
Canada, much of my early work in the 
field of nutrition and immunity was 
done in India and my heart is still in 
Asia. 

The theme of my presentation is 
the barrier that malnutrition and infec
tion create for health and survivaL All 
of you know that infection, often 
superadded on malnutrition, is a major 
cause of morbidity in all age groups 
and is responsible for two-thirds of all 
deaths under five years of age in devel
oping countries. The prevalence of 
nutritional deficiencies continues to be 
high worldWide. and may in fact b e 
increasing in some areas. Th ere are 
many causes of increased susceptibility 
to infection among underprivileged 
malnourished communities. and my 
talk will focus on impaired immunity as 
an important contributing factor. 

In this selective review. I shall cover 
four areas: 

One. describe our observa tions on 
the effects of protein-energy maln utri
tion and of single nutrient deficiencies 

on immune responses and risk of infec
tion. 

Two. emphasise the importance of 
nutritional factors in impaired immu
nity at the two ends of the age spec
trum. namely in young infants and in 
the elderly. 

Thre e. describe the effects of 
obesity and excessive intake of nutri
ents on immune responses . and 

Finally . give some examples of the 
practical a pplications of these observa
tions. and discuss some intervention 
strategies that can break the shackles 
created by the conjugate pair of infec
tion and malnutrition. 

Early work o n m alnutrition and 
immunity 

The concept of nutritional d efi 
ciency causing impairment of im m u no
competen ce is relatively recent. It is 
bare ly 18 y ears ago when the fi r st 
systemat ic stu d i e s attempted a 
comprehen sive assessment of immune 
r es p ons es in p atients with p rotein
energy malnutrition (PEM) (1). 

The background to our work in this 
field has been described (2). The sever
ity an d extent of dysfunction caused by 
ma lnu trition in various organ systems 

This talk was based on the 1990 McCollum Award Lecture given to the American 
Society for Clinical Nutrition. 
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depends on several factors, including 
the rate of cell proliferation. the 
amount and rate of protein synthesis 
and the role of individual nutrients in 
metabolic pathways. Lymphoid tissues 
are very vulnerable to this damaging 
effect. Many cells of the immune 
system are known to depend for their 
function on metabolic pathways that 
employ various nutrients as critical 
cofactors. Numerous enzymes require 
the presence of zinc, iron, vitamin B6, 
and other micronu trients. Any discus
sion of the effects of nutritional defi
ciencies on immune responses must be 
prefaced by emphasising the complexi
ties and heterogeneity of immunocom
petent cells, their subpopulations and 
products such as interleukins and 
interferons, and other inducer/regula
tor systems, e.g. complement. involved 
in immune responses. Also. malnutri
tion is a complex syndrome where 
several deficiencies exist simultane
o us ly. Even in laboratory animals 
deprived of a single nutrient, the func
tional effects may be the consequence 
of changes in the absorption or body 
stores of other substances . 

Factors such as lack of heal th 
education, illiteracy, poor sanitation, 
contaminated food and water, and 
overcrowding are important in leading 
both to malnutrition and infection . In 
addition, the consistent impairment of 
immunity in PEM and the recognised 
increase in in fections in patients with 
p r imary immunodefic ie ncies. is 
compatible with the h ypothesis that 
depressed immune system in malnutri
tion enhances the risk and severity of 
infection. 

The immune system 

A number of defence mechanisms 
protect the human host from the entry 
of m icroorganisms and development of 
clinical infection. Host resistance 
mechanisms can be diVided into two 
main tiers; non-speCific and an tigen
specific. The non-speCific defences 

include the skin and mucous 
membranes, phagocytic cells, mucus, 
cilia. complement, lysozyme, interferon 
and other humoral factors. These 
innate processes are naturally present 
and are not influenced by prior contact 
with the infectious agent. They act as 
the first line of protection. Antigen
specif~ mechanisms include the B cell 
system of antibody production and the 
T cell system of cell-mediated immu
nity. They are adaptive and acquired in 
that they are specific reactions induced 
by prior exposure to the microorganism 
or its antigenic determinants. They are 
very effective in checking the spread of 
infection and eradicating the invading 
organism. More detailed description of 
the immune system is given elsewhere 
(3,4). 

Field studies 

Epidemiological studies have 
confirmed the causal relationship 
between malnutrition and infection (5). 
In the infant illustrated in Figure 1, 
red uction in two parameters of 
immunocompetence preceded clinical 
infection and growth faltering. Findings 
such as these suggest firstly, that 
altered immune responses at early 
functional indices of growth failure 
secondary to latent nutritional defi
ciency, and secondly. that episodes of 
infection worsen the child's nutritional 
state. There was a significant correla
tion between weight-for-height as an 
index of protein-energy status and risk 
of death from infectious disease (6). 
Morbidity from diarrhoeal disease is 
increaed (B ,9) particularly among 
those children whose weight-for-height 
is less than 70 percent of standard 
[Figure 2). Incidence of diarrhoea is 
increased slightly but this is not a 
consistent observation (10). On the 
other hand , there is a more profound 
and universally observed effect on 
duration of each episode. This in tum 
would be expected to worsen malnutri
tion (11) . Similar observations have 
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been made with respect to respiratory rhoea whereas diarrhoea was a 
infection and fever (5.12). In a recent stronger predictor of malnutrition than 
report (13). Victora et al. found that was pneumonia. the association being 
malnutrition was a more important risk strongest in the first two years of life. 
factor for pneumonia than for diar
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FIG. 1 	 Course of events in an infant in a village near New Delhi. India. followed from birth until 
12 months of age. Soon after weaning at the age of 5 months. there is a reduction in the 
number ofT lymphocyte and the concentration of complement C3 (bottom panel). These 
immunologiC changes precede the occurrence of clinical manifestations (diarrhea. respi
ratory infection) and the obvious growth faltering seen at about 8 months (upper panel). 
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Pat hology of lymphoid tissues 

Lymphoid atrophy is a prominent 
feature of PEM. The thymus was noted 
to be "a barometer of malnutrition, and 
a very sensitive one" (14). The term 
"nutritional thymectomy" illustrates the 
profound changes that occur in the 
thymus in malnutrition (12). The size 
and weight of the thymus are reduced. 
Histologically, there is a loss of corti 
comedullary differentiation, there are 
fewer lymphoid cells, and the Hassal 
bodies are enlarged, degenerated, and 
occasionally, calcified. In the spleen, 
there is a loss of lymphoid cells around 
small blood vessels. In the lymph 
node, the thymus-dependent paracorti 
cal areas show depletion of lympho
cytes. 

Immune responses in protein-energy 
m alnutrition 

Beisel (15) and Chandra (16) have 
reviewed the history of early immuno
logic studies in malnutrition, and 
several monographs and reviews (6 , 12, 
17-23) have provided comprehensive 
listing of work in this field. In PEM, 
most of the host defence mechanisms 
are breached (Figure 3). Delayed cuta
neous hypersensitivity responses both 
t o recall and new antigens are 
markedly depressed (Figure 4). It is not 
uncommon to have complete anergy to 
a battery of different antigens (1,24). 
One reason for reduced cell-mediated 
immunity in PEM is the reduction in 
m a tu re fully differentiated T lympho
cytes that can be recognised by the 
class ica l technique of rosette-formation 
(2 7, 28) or by the newer method of fluo
rescent labelling with monoclonal anti 
bodies (29 ,30). The reduction in serum 
thymic factor a c t ivity ob s erved in 
primary PEM (3 1,:32) may un derlie the 
impaired maturation of T lymphocytes. 
There is an increase in the amount of 
deoxynucleotidyl transferase activity in 
leukocytes (9), a feature of immaturity. 
The proportion of helper/inducer T 
lymphocytes recognised by the pres 

ence of CD4+ antigen cell surface is 
markedly decreased {Figure 5) . There is 
a moderate reduction in the number of 
suppressor/cytotoxic CDS+ cells. Thus 
the ratio CD4+ / CD8+ is significantly 
decreased compared with that in well 
nourished controls (30) . Moreover, 
coculture experiments have shown a 
reduction in the number of antibody 
producing cells (29) and in the amount 
of immunoglobulin secreted. This may 
largely be due to decreased "help" 
prOVided by T lymphocytes (Figure 6). 
Lymphocyte proliferation and synthesis 
of DNA are reduced, especially when 
autologous patient's plasma is used in 
cell cultures. For example, lymphocytes 
traffic and homing pattern are also 
altered (34) . 

A review of the Hterature (5, 6, 12, 
29-22) suggests that serum antibody 
responses are generally intact in PEM, 
particularly when antigens in adjuvant 
are administered or in the case of those 
materials that do not evoke T cell 
response. There are rare exceptions, 
such as Salmonella typhi. One must 
carefully rule out infection as a 
confounding factor. Recently, we have 
found that antibody affinity is 
decreased in patients who are 
malnourished (36). This may provide 
an explanation for a higher frequency 
of antigen-antibody complexes found in 
such patients (1S) . Secretory 19A anti 
body levels after deliberate immunisa
tion with viral vaccines are decreased 
(37); there is a selective reduction in 
secretory IgA levels 1(3S). This may have 
several clinical implications, including 
an increased frequency of septicemia 
commonly observed in undernourished 
children. 

Phagocytosis is also affected in 
PEM. The level and activity of most 
complement components are decreased 
(39-41). The best documented is a 
reduction in complement C3, C5, factor 
B, and total haemolytic activity. The 
ingestion of particles by phagocytes is 
intact, but their subsequent metabolic 
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FIG. 4 	 Delayed hypersensitivity skin responses. The percentage of young 
children who showed a positive response to various antigens is shown. 
SK-SD. streptokinase-streptodornase; DNCB. 2,4-dintrochlorobenzene. 
There is marked reduction in the proportion of wasted children who 
respond to these recall antigens and chemical sensitization. 
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activation and destruction of bacteria is 
reduced. Finally, recent work in man 
and animals had demonstrated that 
the production of several cytokines 
including interleukins 1 and 2 and 
gama-interferon is decreased in PEM. 
Moreover, malnutrition alters the abil
ity of T lymphocytes to respond appro
priately to cytokines (42). 

There is very little work on the 
effect of malnutrition on the integrity of 
physical barriers, quality of mucus or 
several other innate immune defences. 
For examples, quality of mucus or 
several other innate immune defences. 
For example, lysozyme levels are 
decreased (43) and adherence of bact,e
ria to epithelilal cells is increased in 
PEM (44). 

Micronutrient deficiencies and 
immune responses 

The topic of micronutrients and 
immune functions has been reviewed 
extenSively (45-50). This recent interest 
has been prompted by a number of 
observations that indicate the crucial 
role of several n u trien ts in key 
metabolic pathways and cell functions. 
Isolated deficiencies of micronutrients 
are rare with the exception of iron, vita
min A and zinc. However, human 
malnutrition is usually a composite 
syndrome of mUltiple nutrient deficien
cies. Observations in laboratory 
animals deprived of one dietary element 
and findings in the rare patient with a 
single nutrient deficiency have 
confirmed the crUCial role of several 
vi tamins and trace elemen ts in 
immunocompetence. 

Four general concepts have been 
advanced (51): One. alterations in 
iInmune responses occur early in the 
course of reduction in micronutrient 
intake. Two, the extent of immunologic 
impairment depends upon the type of 
nutrient involved, Us interactions with 
other essential nutrients, severity of 
deficiency, presence of concomitan t 
infection, and age of the subject. 

Three, immunologic abnormalities 
predict outcome. particularly the risk of 
infection and mortality. Four, tests of 
immunocompetence are useful in titra
tion of physiologic needs and in assess
ment of safe lower and upper limits of 
intake of micronutrients. 

Vitamin A deficiency results in 
decreased lymphocyte proliferation in 
responses to mitogens, antigen-specific 
antibody production and T lymphocyte 
proliferation in vitro, and increased 
bacterial adherence to respiratory 
epithelial cells (52-55). Vitamin A defi
ciency is believed to impact both on 
morbidity and mortality (56) but the 
precise quantitative relationships for 
these interactions have to be worked 
out. Carotenoids have important 
immunoregulatory functions involving 
T and B lymphocytes, natural k ill er 
cells and macrophages. Vitamin 86 
defiCiency causes profound changes in 
immune responses in animals (57-59) 
including cell-mediated immunity and 
antibody formation. Moderately severe 
defiCiency of vitamin C is associated 
with retarded locomotion and 
decreased bactericidal capacity of 
neutrophils and macrophag,es; cell
mediated immunity and antibody 
production are relatively unaffected (6). 
Severe vitamin E deficiency results in 
impaired cell-mediated immunity and 
decreased antibody synthesis. 

Zinc defiCiency, both acqUired and 
inherited, is associated with lymphoid 
atrophy. decreased cutaneous delayed 
hypersensi tivity responses and homo
graft rejection, and lower thymic 
hormone activity (61-65). This is best 
illustrated in patients with acroder
matitis enteropathica (Table 1) who 
have impaired lymphocyte response to 
phytohemaggl u tinin, decreas ed 
thymulin activity and reduced delayed 
hypersensitivity skin reactions (66). In 
laboratory animal models one can 
demonstrate reduced number of anti
body-forming cells in the spleen and 
impaired T-killer cell activity (62). 
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impaired T -killer cell activity (62). 
There is decreased ingestion and 
phagocytosis. The nutrient is probably 
involved in stimulation of NADPH 
oxidase through its role as a cofactor 
for phospholipase A2 and/or phospho
lipase C. Zinc may stabilise 20:4 
arachidonic acid against oxidation by 
iron complexes. Zinc complexes may 
react with oxygen, generating products 
highly toxic to ingested pathogens. 
Wound healing is impaired. Zinc defi
ciency promotes infestation of nema
todes (67). Copper deficiency may occur 
rarely in association with PEM and 
results in altered immune responses 
1(68). These changes are organ-specific 
and are influenced by the type of 
carbohydrate in the diet (69). The func
tion of reticuloendothelial system is 
depressed and the mircobicidal activity 
of phagocytes is decreased. This has 
been attributed to the role of copper in 
superoxide dismutase and cytochrome 
c oxidase enzyme systems. There is a 
reduction in antibody response to T cell 
depende~t antigens. 

DefiCiency of iron is the commonest 
nutritional problem worldwide, even in 
industrialised countries. On the one 

TABLE 1 

hand, free iron is necessaray for bacte
rial growth: removal of iron with the 
help of lactoferrin or other chelating 

•agenst reduced bacterial multiplication, 
particularly in the presence of specific 
antibody. On the other hand, iron is 
needed by natural kilter cells, 
neutropftils and lymphocytes (Figure 7) 
for optimal function. Thus, bactericidal 
capacity is reduced in iron defiCiency. 
Does the amount of dietary iron influ
ence the risk of infection? (70,71). The 
concept of Uiron nutritional immunity" 
emphasising the effect of iron depriva
tion in limiting the multiplication of 
bacteria is an attractive hypothesis 
with considerable in vitro evidence but 
clinical data do not support the sugges
tion that iron deficiency protects 
against infection or that correction of 
iron defiCiency particularly if it is 
achieved gradually by oral iron therapy 
increases the incidence or severity of 
infectious disease in man. 

The role of other micronutrients 
and of toxic heavy metals has been 
reviewed elsewhere (45-50, 72-74). 

Amino acids modulate immune 
responses in many different ways (75
77). There is recent eVidence for the 

Immunological findings in acrodermatitis enteropathica 

Parameter Before therapy After therapy 

Number of patients 

Serum zinc (j..Lg/l) 
Mean± SE 

Delayed hypersensitivity 
skin reactions 
(No. positive/tested) 

Serum thymulin (median) 

Lymphocyte response to 
phytohemagglutinin 
Mean ±SE 

8 

48.4 ± 11.3 89.0 ± 8.7 

3/8 8/8 

1:2 1:32 

23.4 ± 17.6 79.5 ± 12.4 

Patients were treated with oral zinc 150 mg daily for 6 weeks 
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FIG. 7 	 Lymphocyte .stimulation index in moderate (ferritin 12-30 ng/ml, normal 
hemoglobin concentration) and severe (ferritin <12 ng/ml, anemia) iron 
deficiency. Cells were cultured in e presence of phytohemagglutinin. 

role of glutamine and arginine (78,79). 

There is much evidence to indicate 
that dietary lipids have an immunoreg
ulatory role (80-86). The postulated 
pathogenetic mechanisms include 
modulation of eicosanoid synthesis, 
changes in cell membrane, altered 
number and density of receptors, 
changes in the number and function of 
selected subsets of cells, and altered 
production and action of cytokines. 
Essential fatty acid defiCiency reduces 
a variety of immune responses. 

Immunocompetence of low birth 
weight infants 

Neonates have suboptimal imm une 
responsses and are susceptibl e to 
infection. When growth retardation and 
nutritional deficiency complicate the 
picture, as in low bir th weight infants. 
impairment of immunocom petence is 
more marked and longer-lastin g (87 
93) . 

Small-for-gestational age infants 
show prolonged impairment of cellular 
immunity (Figure 8) . Seru m thymic 
factor is low (91). In contrast to AGA 

low birth weight infants who recover 
immunologically by about 2-3 months 
of age, SGA infants continue to exhibit 
impaired cell-mediated immune 
responses for several months or even 
years (89). This is particularly true of 
those infants whose weight-for-height 
is less than 800A, of standard. The 
prolonged immunosuppression in some 
SGA infants correlates with clinical 
experience of infectious illness (92), 
and thus may have considerable 
biological significance. In animal 
models of intrauterine nutritional defi
ciency. PEM (Figure 9) (94) as well as 
depr ivation of selected n u trien ts 
(95,96) results in red uced immune 
responses in the offsping (Figure 10). 

Ph agocyt e fu nction is deranged 
and physiological hypoimmunoglobuli 
naemia G is pronounced and prolonged 
in LBW infants (87). There is a progres
sive rise in IgG concentration with 
gestational age and birth weight. espe
Cially in infa nts below 2.500 g (90). All 
four subclasses of IgG are detected in 
foetal sera as early as 16 weeks of 
gestation. the bulk being formed by 
IgG 1. In SGA LBW infants. the cord 
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o Impaired growth 

Norm al growth FIG. 8 Number of T lymphocytes 
in small-for-gestation low 
birth infants seen at vari
ous ages from 3 to 12 
years. The mean and 95% 
confidence limits of nor
mal values are shown as 
the continuous and inter
rupted lines respectively. 
Children who had caught 
up in anthropometic mea
surements (0) Showed 
near-normal or slightly 
reduced number ofT cells, 
whereas those children 
who continued to have low 
weight-for-helght (0) gen
erally showed a significant 
reduction in the number 
ofT lymphocytes. 
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FIG. 9 Intergenerational effects of 
nutritional defiCiency, IgG
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showed a significant 
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weeks. Copyright 
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Advancement of Science 
1975. 
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FIG. 10 The effect or'selected single 
nutrient deficiencies before 
and during gestation on 
IgM antibody production in 
the offspring. The rank 
order of the magnitude of 
effect was zinc, vitamin 
86, vitamin A and iron. 
The design of the experi
ment was similar to that in 
Fig. 9, execpt only F1 gen
eration offspring were test
ed. 



blood levels of IgG 1 are reduced much 
more than those of other subclasses. 
Thus the infant: maternal ratio is 
significantly low for IgG 1 but not [or 
IgG2. The number of immunogIobulin
producing cells and the amount of 
immunologlobulin secreted is 
decreased in SGA infants who are 
symptomatic. i.e. those who have 
recurrent infections (92). In the second 
year of life. SGA infants show a marked 
reduction in IgG2 levels and often show 
Infections with organisms that have a 
polysaccharide capsule. 

In preterm infants with birth weight 
between 1800 and 2200 g. moderate 
amounts of oral zinc supplements 
accelerate immunologic recovery (Table 
2). 

TABLE 2 

immune responses. Four. if nutritional 
therapy improves immunity. will this 
result in reduced illness. 

A critical review of published work 
related to nutrition. immunity and 
morbidity in old age has been 
presented (98). It has been observed 
that average of immune responses in 
the elderly is significantly lower than 
that seen in the young. However. there 
is a much wider range of responses 
found in the former. so that there are 
some among the very old whose 
immune responses are as vigorous as 
those observed in younger subjects. 
Several surveys have shown that 
almost one-third of apparently healthy 
elderly have reduction in the intake of 
several nutrients; this is reflected to 

Zinc supplementation of pre-term low birth weight infants 

Parameter Supplem,ented Control 

Number 18 16 

T lymphocytes (%) 56±4 38 ± 6 

Lymphocyte response to 
phytohemagglutin 62 ± 12 21 ± 7 

Serum thymulin activity 
(Median) 1:32 1:8 

Infants received oral zinc 1 mg/kg body weight daily. The infants were tested at age 
4 weeks. 

Nutritional and immunity in old 
age 

Four questions have been posed 
(98). One. is immunologic decline an 
inevitable part of aging? Two. how 
common are nutritional deficiencies in 
the elderly. Three. would correction of 
nutritional deficienCies improve 

some extent in reduced blood concen
trations. The most common deficiencies 
are those of iron. zinc. and vitamin C. 
Correction of these deficiencies by 
nutritional adVice. dietary or medicinal 
supplements results in a significant 
improvement in immunocompetence. 
There is recent evidence to indicate 
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that improved immune responses are 
associated with decreased morbidity 
due to common respiratory infections. 

Immune responses in obesity 
and excessive intake of nutrients 

Genetically obese animals show 
alterations in a variety of immune 
responses (99). Natural killer cell activ
ity is decreased. The generation of cyto
toxic T lymphocytes following stimula
tion in vivo is decreased but is normal 
if sensitisation is carried out in vitro. 
This suggests that the microenviron
ment of the obese animal. including 
hyperlipidemia, hyperglycemia and 
altered levels of insulin, glucagon, 
cortisol and adrenocorticotrophic 
hormones, may be responsible for 
impaired cellular responses. Obese 
adolescents and adults show a higher 
risk of infection, including post-opera
tive sepsis than lean controls (l00). In 
the obese, there is a slight impainnent 
of delayed cutaneous hypersensitivity 
responses, decreased lymphocyte 
response to mitogens, and reduced 
bactericidal capacity of neutrophils 
(l01). 

Recent work has confirmed that 
excess lipid intake impairs immune 
responses (102-105). An increase in 
either saturated fat or polyunsaturated 
fatty acids to more than 16% of calories 
results in decreased cell-mediated 
immunity including cytotoxic function, 
delayed cutaneous hypersensitivity, 
lymphocyte response to mitogen stimu
lation, and natural killer cell activity. In 
autoimmune diseasse prone mice, 
reduction in fa t intake protects against 
immune complex pathology (l06). 

A slight excess intake of certain 
n u trien ts may be assoc iate d with 
enhanced immune responses. These 
include beta-carotene, vitamin A, vita
min E, zinc a nd selenium. Increased 
amounts of selected amino acids, such 
as arginine (79), and other compounds 
such as nucleotides (107) are reported 
to enhance immune responses, partic

ularly in the face of stress such as 
burns, trauma or sepsis (78). It must 
be emphasised that all nutrients given 
in quantities beyond a certain thresh
old will reduce immune responses. This 
has been shown for zinc (108), sele
nium, and vitamin A (Fig. 20) and vita
min E. Iron overload may promote 
bacterial septicemia and increase the 
frequency of symptomatic malaria in 
endemic areas. 

Applled significance 
Nutritional regulation of immunity 

and risk of illness have several practi 
cal applications. Firstly, changes in 
immune responses occur early in the 
course of nutritional deficiency. Thus, 
we can employ immunocompetence as 
a sensitive functional indicator of nutri 
tional status. In patients with obvious 
primary or secondary malnutrition, the 
number of T lymphocytes is a useful 
measure of response to supplementa
tion therapy. Secondly, anergy and 
other immunological changes correlate 
with poor outcome both in medical and 
surgical patients in terms of complica
tions, duration of hospital stay and 
mortalltty. This is particularly useful 
when impaired immunity is considered 
in association with hypoalbuminemia 
(4,109). In field surveys, impaired cell
mediated immunity and reduced levels 
of complement components precede 
and predict the occurrence of infection 
(Figure 1) . Thirdly, opportunistic infec
tions occur more frequently among 
those patients with cancer who are also 
malnourished. The incidence of compli
cating infections can be reduced if 
appropriate preventative and therapeu
tic nutritional management is carried 
out in patients with leukemia. 
Fourthly, there is an uncanny similar
ity between the immunologic findings 
in nutritional deficiencies and those 
seen in AIDS (110, Ill). It has been 
postulated that nutritional deficiency 
may influence the biologic gradient and 
natural history of this infection. Recent 
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surveys indicate that attention to the 
nutritional needs of the HIV-infected 
individual is an important part of the 
overall management of this life-threat
ening infection (12) . Fifthly. response 
to immunisation is modulated by the 
nutritional status of the host and 
protective efficacy of vaccines may be 
suboptimal in th e undernourished 
individual (113) . Finally. immune 
responses can be used to define safe 
upper and lower limits of nu tri ents 
intake. 

Intervention strategies 
I shaH now outline some interven

tion strategies that can reduce the inci
dence and adverse health impact both 
of maIn utrition and infection. with 
empha sis on young children. We 
already have much of the knowledge 
needed to improve health rapidly; what 
is lacking Is political commitment and 
effective management. Even within the 
health sector, there are glaring anoma
lies. We must ass ign priorities (1 14) 
and implement methods to prevent and 
control contributors to morbidity and 
mortality. 

Improvement in socio- economic 
s ta tus and education and ensu ring 
availability of sufficient food will elimi
nate much of maln u tri t ion and infec
tion. the disease of poverty. Health and 
self-limitation of family size will usually 
follow these measures . Promotion of 
breast-feeding should be continued . 
The anti-infective properties of human 
milk are well k nown a nd dep end in 
part upon various cellular and soluble 
factors. as well as its buffering capacity 
and several antigen-nonspecific protec
tive factors (115) . The benefit is most 
dramatic in u nderprivileged communi
ties with poor sanitation. inadequate 
h ousing and conta min a te d food and 
water 016- 118). Furthermore. breast
feeding contributes to b irth spacing, an 
important factor in both maternal and 
child health. 

More effective immunisation 
programmes against the common 
communicable diseases are required 
for the majority of the susceptible 
population . Th ere is serious concern 
over the number of children in develop
ing countries who die or are disabled 
from preventable infectious diseases. 
Immunisation programmes should 
include universal coverage of all the 
population at risk . In addition. there is 
need to develop new vaccines such as 
those for malaria. shigella and Pneu
mococcus. and improve the quality of 
those against typhOid. cholera and 
tuberculosis. In addition, new methods 
of vaccine preparation. such as genetic 
recombination, subunit antigens, 
synthetic peptide antigens. anU-idio
types. and host cell receptor specific 
vaccines show great promise. It would 
be ideal to have a single efficaCious 
inexpensive vaccine containing immu
nlsing an tigens for several infections, 
be given at birth. be easy to administer, 
be stable on exposure to light and trop
ical temperatures, and have no serious 
adverse effects . Other useful preventa
tive measures incl ude availabllity of 
plentiful clean wa ter. improved sanita
tion and housing. early and adequate 
management of diarrhoea and respira
tory Infections u sing oral rehydration 
s olu tion and an tibiotics respectively. 
de tection of growth faltering using 
sim ple growth cha rts , and sometime, 
targeted subsidies and m ass ive 
campaigns to eliminate specific nutri 
ent deficiencies such as those of vita
min A. iron and iodine. 

Concluding remarks 
In summary. malnutrition and 

infec tion are the two major shackles to 
development and survival. and poverty 
and ignorance a re the most significant 
contribu ting factors . Our greates t gift 
to the new millennium will be to reduce 
illness and debility in all age groups. 
The issue is particu larly important and 
immediate for children. because the 
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child cannot wait until tomorrow. 
which may never dawn for him. 

'We are gu ilty of many errors and many faults. 
but our worst crime is abandoning the children. 

neglecting the fountain of life. 
Many of the things we need can ~ait. The child cannot. 

Right now is the time his bones are being formed; 
his blood is being made and his senses are being developed. 

To him we cannot answer - "Tomorrow." 
His name is ''Today. t. 
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Introduction 

There has been a remarkable surge 
in interest in the energy needs of chil
dren and adults since an expert group 
of nutritional scientists met in Rome in 
1981 on behalf of FAO. the WHO and 
UNU to re-evaluate data on both 
protein and energy requirements. As 
Chairman of the energy sub-group I 
was privileged to be part of the develop
ment of a coherent approach to energy 
needs. which hitherto had been consid
ered logically by very few nutritionists 
worldwide. Historically we have to 
remember that the use of the Douglas 
bag and other systems for measuring 
an individual's basal metabolic rate 
(MBR) had produced an amazing 
amount of data during the first few 
decades of this century. However. the 
question of how to encompass the 
problem of individuals' variable physi
cal activity only emerged after the war. 
Dr Reg Passmore. whose training 
started in nutrition in India where he 
was for a short time in charge of the 
Coonoor laboratories. was the first to 
recognise the potential usefulness of a 
machine which Hugh Magee. Nutrition 
Adviser in the Ministry of Health. had 
discovered after the war in Germany 
(1). This apparatus had been built by 
Koli·anyi and Michaelis and used exten
sively in Germany to measure energy 
expenditure in industry but was 
unused elsewhere until Passmore , with 
Durnin and Garry in Scotland. applied 
it systematically to document the 
energy needs of miners and of house
wives and army recruits (2,3,4). Durnin 
with colleagues then measured, using 
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both Douglas bags and the K-M 
system. the energy expenditure of 
groups of people throughout the world. 
One example of this was the survey 
undertaken by Norgan and Ferro-Luzzi 
in New Guinea in 1970 as part of 
Durnin's contribution to the Interna
tional Biological Programme (5). Those 
of us who entered the energy field after 
this phase slowly came to realize why 
Passmore he ld such rigid views on 
energy balance (6) as we ourselves 
discov,ered the remarkable consistency 
of enery expenditure. Passmore and 
Durnin wer by now the leading authori
ties on energy needs (7) so it is little 
wonder that in the earlier FAO meet
ings on protein and energy require
ments they simply specified the calorie 
needs of adults on a weight basis, and 
defined these for light, medium and 
heavy activity adults without docu
menting the basis for their decisions. 
Interest was anyway concentrated on 
the controversy of how much protein 
was required. so energy issues were 
neglected. 

The UN consultation on energy 
needs in 19 81 

By 1981 we were ready to look at 
the problem afresh. So for a week we 
attempted to sort out our concepts. 
What do we mean by need? If we 
simply measure what people eat then 
they may, in practice, be inadequately 
fed for healthy living. Thus emerged 
our first concept that it is unwise to 
use food intake values as a measure of 
energy requirements since the subjects 



studied could be malnourished. ill or 
biochemically and behaviourally 
adapted to low food intakes. The "need 
for what?" question then dominated 
our thinking as we explored what we 
use our energy for. Clearly energy is 
used for basal metabolism. for process
ing and storing food and for physical 
activity. These three components had 
been reasonably well documented and 
we already had data from our calorime
ters in Cambridge showing the remark
able conSistency of an individual's 
metabolic rate over a 24 h period 
provided the phYSical activity was stan
dardised. We could also condense all 
the data on daily energy expenditure if 
we expressed both the response to diet 
and activity together as a ratio of the 
BMR. So the problem was how to 
obtain clear evidence on the BMR and 
activity patterns of children and adults 
worldwide and then find a method of 
collating data on the energy cost of 
physical activity. 

Previous Committees tended to rely 
on US data on BMR but these need not 
be representative. So Durnin and Fran
cois (from FAO) undertook a prelimi
nary analysis of worldwide BMR data 
which Durnin had initially selected. 
Then w e would need to build up a 
pictu re of a c tivity patterns based on 
Passmore a nd Du rnin's approach of 
monitoring how people spent their time 
and how much energy was involved in 
a myriad of activities. This seemed 
impossible because people change their 
activity from one day to another. 
people's jobs differ and leisure time 
activity. such as gardening. communal 
work and s ports. is highly variable. 
Furthermore. Ferro-Luzzi was insistent 
that we had to r ec ognise the social 
demands for physical activity. If people 
were underfed they might compensate 
by sacrificing many extra activities of 
indirect benefit to their families and 
community. Thus we moved towards a 
principle of recognising that in specify
ing reqUirements we must identify the 

optimum needs for a "desirable" level of 
physical activity. 

If. however. we were to specify 
desirable activities we must also estab
lish "desirable" body weights. In afflu
ent societies it was disadvantageous to 
be overweigh t and obese and we all 
recognized that low body weights in 
semi-starved adults were also likely to 
be a problem. Thus we found over
selves unable to Justify the earlier 
recommendations on energy needs 
based on the per kg body weight values 
of light. medium and heavy activity 
individuals. This use of body weight 
implied that any weight was satisfac
tory. 

One issue of great concern to FAO 
was how to cope with what Sukhatme 
claimed was the ability of man to adapt 
to low intakes at no cost to his welfare. 
This costless adaptation stemmed from 
an analysis of Sukhatme and Margen 
(8) which sought to develop biological 
principles from a statistical analysis of 
the intra- and inter-individual variabil 
ity in food intake and energy expendi
ture. In Rome I argued against that 
concept but it was still used in FAO's 
5th World Food Survey (9) and has 
been considered elsewhere (10). 
Sukhatme still finds the idea fascinat
ing (11) but several of us have ques
tioned both the statistical and biologi
cal plausibility of the idea (12,13,14). 
In 1981 we proposed that costless 
adaptation be ignored as of limited rele
vance when assessing energy require
ments. 

Although an approach based on 
energy expenditure seemed eminently 
suitable for adults we soon recognised 
that there were few coherent data on 
children's energy needs based on their 
BMRs, activity patterns and the physi
cal cost of each of their many activities. 
We therefore had to rely on intake data 
obtained on healthy. active, well ~grow

ing children. The children's and adult 
data then had to be collated to obtain 
either household or national values for 
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energy needs. 

Working through all these princi
ples in the 1981 meeting took a week 
and with a further week in hand we 
then had to develop these ideas. collate 
whatever data were available and 
produce a coherent account for the 
UN Agencies. The data collation was 
then dependent on Ferro-Luzzi and 
Durnin but it soon became apparent 
that there were few published papers 
on how well or poorly nourished people 
used their time. Almost all the papers 
published simply summarised the 
energy cost of a day's activity so this 
could not readily be disaggregated. 
Expressing all the data in tenns of the 
BMR was also new and often there 
were no separate BMR data in the 
published studies. As our time expired 
we also realised that our strategy of 
specifying energy needs on the basis of 
desirable activities for people of a desir
able weight for height had led to esti 
mated Asian food needs being 
increased by about 30% ! Clearly with 
such large issues of world agricultural 
poliCies and development linked to 
perceived food needs. we had to get our 
facts right. The 1981 FAO/WHO/UNU 
meeting therefore broke up with a clear 
idea of the principles we should use 
but with great concerns about the 
general applicability of the data on 
body weights. BMRs. activity patterns 
and the energy costs of physical activ
ity. Eventually. after a further three 
years' work. new collations of data on 
BMR emerged (15) and the report from 
the UN meeting was eventually 
published in 1985 (16). 

Following this we a ttempted to 
simplify the system of estimating 
energy reqUirements. Travis developed 
simple computer programmes to speed 
the calculations and we made the 
scheme more practicable by providing 
simple ways for estimating food needs 
by basing estimates on statistical data 
of occupational profiles and population 
age distributions. A range of allowances 

could also be applied. These 
allowances. e.g. for deSirable physical 
activity. then matched the allowances 
used by nutritionists when dealing with 
the needs for other nutrients. The 
distinction between prescribing an 
energy need on the basis of what 
people should do and the actual energy 
being used was then clear. The manual 
for planners and nutritionists is now 
published (17) and available in several 
languages. 

A simplied scheme for energy 
requirements 

Table 1 lists the equations for 
calculating the BMRs of children and 
adults. the data on the elderly having 
been updated by ourselves with 
substantial new information on Euro
peans collected by Ferro-Luzzi and her 
colleagues in Italy; additional data on 
men were also provided by Durnin. In 
the 1980s we took a BMI (weight in kg 
divided by the square of the height in 
metres) range of 20.1-25 as the desir
able weight range for men and 18.7
23.8 for women. These values were 
calculated from American Insurance 
statistics data when compiling the 
Obesity Report for the British Royal 
College of Physicians (19). The validity 
and usefulness of these reference 
values for Asia will be considered later. 
Table 2 then specifies the energy 
allowance which can be used for differ
ent age and population groups. these 
allowances being expressed as physical 
activity levels and therefore as a ratio 
to the estimated BMR of the group. 
Intake data had to be used. as already 
noted. for children under the age of 10 
years. The effect of including 
allowances for infection in less devel
oped countries (LDC) and for desirable 
physical activity in both LDC and 
developed communities can be seen by 
comparing the allowance and reqUire
ment figures. In general the difference 
amounts to about 5%. Table 2 shows 
that the allowance for infections only 
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TABLE 1 
Equations for calculating the basal metabolic rate {BMR} of children and adults from 
their body weights '(W) in kg 

Age range MJ/day kcal/day 
in years 

Males 	 10-17 BMR = 0.0732W + 2.72 BMR= 17.SW + 651 
18-29 BMR = 0.0640W + 2.84 BMR= lS.3W + 679 
30-59 BMR = 0.048SW + 3.67 BMR= 11.6W + 879 

>60 BMR = 0.OS6SW + 2.04 BMR= 13.SW + 487 

• 	 60-74 BMR = 0.0499W + 2.93 BMR= 11.9W + 700 
75+ BMR = 0.03S0W + 3.43 BMR= 8.4W + 820 

Females 	 10-17 BMR = 0.OS10W + 3.12 BMR= 12.2W + 746 
18-29 BMR = 0.061SW + 2.08 BMR= 14.7W + 496 
30-59 BMR = 0.0364W + 3.47 BMR= 8.7W + 829 

>60 BMR = 0.0439W + 2.49 BMR= 10.SW + 596 
• 	 60-74 BMR = 0.0386W + 2.88 BMR= 9.2W + 688 

75+ BMR = 0.041W + 2.61 BMR= 9.8W + 624 

• New equations derived from European data (18). The other equations are the origi
nallisted by FAO/WHO/UNU (16). 

applies to children up to the age of 2 
years; thereafter the immunie state of 
the child can be expected to reduce the 
impact of microbial and other environ
mental hazards. These values are not 
adjusted to take into account the need 
for prolonged catch-up growth in 
stunted children. This is an additional 
judgement that nutritionists or agen
cies should make when deriving their 
population needs. 

The different types of allowances 
are illustrated in Figure 1 which is 
based on the estimated needs of a 1
year-old group of Asian children. In 
addition to the energy cost of infection 
there is a need for additional energy to 
allow for a greater growth in height in 
Asian children should environmental 
conditions and perhaps protein intake 
improve . There is a small component 
also for the recogn ised low weight for 
height of some Asian children and the 
allowance for desirable activity 
amounts to about 59'0 of the total 
energy need. It is important to note 

that these prescriptive allowances add 
about 30% to the total estimated 
energy needs of the children. In prac
tice therefore the average 1-year-old 
Indian child may be expected to be 
eating the equivalent of 921 kcal per 
day whereas to cope with the environ
mental stresses, to grow well and to 
sustain the activity necessary to 
explore their environment, learn and 
develop optimally it is suggested that 
these children need 1196 kcal per day. 
Figure 2 illustrates the impact of these 
allowances on natural energy needs in 
an Asian country such as India with its 
population structure. The likely impact 
in the long term of better growth in 
Indian children is also evident because 
as the stature of the young increases 
there will be a progressive rise in the 
average height of adults and therefore. 
given an appropriate weight for that 
greater height, an increase in energy 
requirement is to be expected. The 
outcome of an these calculations will be 
considered in the final section. 
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Allowances 	 Total kcal/day 

-, 

Desirable activity 57---+(1196) 
119---+(1139)Desirable growth and 

Wasting 1~(1020) 

Infection 83---+(1004) 

348---+(921 ) 

Observed physical 
activity 

Measured requirement 

to sustain present 

weight, activity and a 

modest growth rateMeasured SM R 

Male Asian children 

at 1 year 

FIG. 1 An example of individual allowances for children. 

2400 Desirable activityr------: Change In age structure 
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FIG. 2 	 Impact of different allowances on currennt national energy needs. The 
data include a pregnancy allowance calculated according to the original 
1981 analysis which now needs to be modified in the light of substantial 
new studies on the energy reqUirements of pregnancy (20). The latest 
value proposed by the UK Government is 200 kcal/day and applies to 
healthy women of normal b ody weigh t only for the la,st trimester of 
pregnancy. This probably does not apply to Asian needs. 
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TABLE 2 
Estimated desirable energy allowances and requirements. Children's data are given 
in terms of intake per kg body weight. Adult needs are expressed as physical activity 
levels (PALs) which are ratios of BMR 

Males Females 

kg/cal kg/cal 
Allowances Requirements Allowances Requirements 

109/103* 98 109/103* 98 
1+ 108/104 99 113/108 103 
2+ 104 99 102 97 
3+ 99 94 95 90 
4+ 95 90 92 87 
5+ 92 87 88 84 
6+ 88 84 83 79 
7+ 83 79 76 72 
8+ 77 73 69 66 
9+ 72 68 62 59 

PALs 

10+ 1.76 1.74 1.65 1.59 
11+ 1.72 1.67 1.62 1.55 
12+ 1.69 1.61 1.60 1.51 
13+ 1.67 1.57 1.58 1.47 
14+ 1.65 1.49 1.57 1.46 
15+ 1.62 1.44 1.54 1.47 
16+ 1.60 1.40 1.52 1.48 
17+ 1.60 1.40 1.52 1.50 

Adults 1.82/1.66 Light 1.41 1.67/1.60 Light 1.42 
(1 8-59 yrs) Medium 1.70 Medium 1.56 

Heavy 2.01 Heavy 1.73 

> 60 1.51 1.4 1.56 1.40 

* The second figures refer to allowances for children or adults in developed countries 
where the needs for coping with infections and catch-up growth are excluded. The 
reqUirement figures are those where desirable physical activity has been removed 
from the estimated allowances of groups living in the developed world. The adults 
are classified into newly speCified groups with light, medium and heavy activity 
patterns. The adult integrated allowances figures are crude estimates of likely activ
ity of an appropriate mix of urban and rural communities in developing countries. 
Full details and explanation are given in James and Schofield (17). 

Sex differences in allowances and body composition from infancy 
requirements onwards, boys having a larger muscle 

Table 2 also shows that the energy mass and generally being more physi
needs of boys and girls differ from an cally active. This early distinction 
early age: this reflects differences in perSists throughout adolescence and 
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into adult life with the somewhat 
surprising observation that adult men 
and women have different PAL values 
Implying that men are physIcally more 
energetic and sustain higher energy 
outputs when they are working than 
women. Yet the emphas is in the UN 
system now is on the problems of 
women who are perceived to be under 
intense pressure in many parts of the 
world as they cany the responsibilities 
for maintaining the home, for preparing 
and cooking food and for childbearing 
as well as contributing a major part of 
the agricultural activity in many coun
tries. A recent study by Shetty, Ferro
Luzzi and their colleagues, conducted 
as part of a programme for the Interna
tional Food Policy Institute, showed 
clearly that women did spend more 
time than men working in both India 

TABLE 3 

and Ethiopia. Furthermore the more 
deprived sector of the communities had 
men and women who were chronically 
energy deficient. The women sustained 
their domestic work and other work 
more d iligently than the men who, 
when very thin, i.e. with a BMI < 16.0, 
were very inactive. 

These data do not imply that the 
1985 Report on energy requirements is 
wrong in relation to men's work 
because they may work more inten
sively than women. Clearly there is a 
need for more coherent analyses of 
time use and adults' energy demands 
for living. 

Table 3 shows a simple scheme for 
calculating the energy needs of groups 
of adolescents or adults. The time allo
cated during the day to each type of 

The scheme for calculating the energy a llowances of adults in absolute terms or as a 
physical activity level 

Time taken 
hours 

Ratio energy 
cost to BMR 

Energy need 
for each task 
KJ or kcal 

1. 
2. 
3. 
4. 
5. 

6. 

Sleep 
Work activity 
Household tasks 
Socially desirable activities 
Cardiovascular 
maintenance 
Residual time needs 

e.g. 7 
e .g. 6 
e .g. 1-2 
e.g. 1-2 

e.g. 0.3 
e.g. 7-8 

1.0 
1.6-5.1 
1.6- 1.8 
2.5-3 .3 

4.0 or 6.0 
1.2-1.4 

Sum 

Divide Sum by 24 h BMR value to given average energy allowances as a PAL. 
Note: The description of activities is derived from the FAO/ WHO/ UNU Report as set out by James 
and Schofield (1 7). The energy cost values vary depending on the nature of the task but represent 
the estimated cost as a ratio to BMR of both pauses and actual work during each period. These inte
grated energy indices differ from the minute-by-minute cost listed (17). Cardiovascular maintenance 
is to preserve muscle mass and physical fitness, the value of 4 .0 being applied only to those >60 
years of age. The residual time is normally specified a s 1.4 but recent unpublish~d data suggest that 
a value of 1.2 may be more appropriate. The BMR from Table 1 is normally divided by 24 to give 
hourly values for generating this Table; the final allowance figure expressed as a physical activity 
level (PAL) is simply the sum of energy costs divided by the 24h value for BMR. This approach to 
PAL calculations was u scd in generating Tab le 2. 
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activity can be estimated. Then the 
average energy cost for those periods of 
general activity has to he measured 
directly or estimated from tables given 
by James and Schofield (17). These 
activity components include prescrip
tive activities which the 1981 Commit
tee thought appropriate for h ealth. In 
practice, these prescriptive levels of 
activity for the designated reasons are 
rarely achieved in LDC or developed 
societies so we have to see these incre 
ments as allowances rather than innate 
requirements. 

Low metabolic rates in Asians 
In the original analyses for develop

ing equations for estimating the BMR of 
adults it was noted that the Indian 
data were nearly 100/0 lower than the 
North Americian data . Despite this a 
single set of equations were developed 
for universal application. S ince then 
Shetty and his colleagues (21 , 22, 23) 
have amplified the pre-existing data set 
and shown very clearly that Indian s do 
have a lower BMR even when steps are 
taken to study well-nourished indiVidu 
als with a normal BMR. Sh e tty has 
concluded that perh aps half of the 
decrement may prove to be related to 
body compositional differences and half 
to climate. Henry has also collated 
other eVidence to show that BMRs in 
several tropical counties are a pprecia
bly below those calculated by Schofield 
(24). 

It has to be recognised that many 
of t he Indian subjects measured a s 
adults may well have been somewhat 
stunted and slow growing as children. 
It would not be suprising therefore if 
long-term effects on muscle mass or on 
the s ize of other organs were to become 
evident. On this basis one can adopt 
two strategies. First, one can recognise 
that if a dequa tely n our is hed Asian 
adults have a BM! a bove 18.5 then 
they may still have a BMR below the 
reference mean. Thus for calculating 
current requireme n t s the values 

obtained from Table 1 would need to be 
reduced by about 100/0 to accord with 
the observed BMR differences. 
Secondly, it seems best in long-term 
planning to presume that as the nutri 
tional state of the population improves 
it is likely that the BMR of Indians and 
o t hers w ill move closer to those 
observed in Europe and North America. 
These lower BMRs may be an example 
of a long-tenn nutritionally dependent 
programming of metabolism but this is 
very different from the concept of ther
mogenic flexibility and costless adap
atation proposed by Sukhatme. 

Desirable body weights, biological 
adapatation and chronic energy 
defiCiency 

When the 5th World Food Survey 
(9) came to apply these n ew approaches 
they were careful to include the 
Sukhatme theo ry as a possible 
phenomenon which, if true, would 
reduce the number of people in the 
world who were classified as malnour
ished. Two different figures were there
fore given. It was recognised that if food 
was inadequate it was likely that adults 
Nould lose weight. This was deemed to 
be a simple , biological adaptation if 
weight w as merely being reduced 
within the normal or desirable range. 
This, however, raised the important 
question of what the lower limits of 
normal weight should be. 

When th e International Dietary 
Energy Consultative Group (IDECG) 
met in Guatemala in 1987 the question 
was how best to define inadequate 
levels of energy intake, i.e. chronic 
energy defiCiency (CED). Although 
some felt that this was impossible, 
thr ee of us came up with a closely 
argued case for specifying three degrees 
of CED based on a combination of low 
BMIs and physical activity (Table 4). 
The physical activity component was 
included because to define CED on the 
basis of low body weights alone might 
mean that we w ou ld claSSify lean, 
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TABLE 4 


The original basts for classifying adults as chronic energy deficient (CED) 


Body Mass Index <16.0 16.0-16.9 17.0-18.4 18.4-24.9 

Physical activity 
level as ratio of BMR <1.4 >1.4 <1.4 >1.4 

Group CED III II Normal Normal 

Note that it is the combination of a low BMI and low activity which is required to 
make the specification of CED grade progressive as body weight falls. In the revised 
claSSification no assessment of energy turnover is used and three categories of BMI 
alone below 18.5 are used to specifY the grades of CED. 

Taken from James et al. (25), later revised by Ferro-Luzzi et al. (26). 

healthy and very active adults as of the usefulness of the chosen cut-ofT 
having chronic energy deficiency. So a points in BMI. 
maintenance energy PAL of 1.4 was Perhaps the most striking informa
chosen: anybody in developing coun tion yet obtained comes from the 
tries who ate less than 1.4 times their National Institute of Nutrition in Hyder
basal energy needs was in all probabil  abad, India. Naidu, Nee1a and Rao have 
Ity adapted behaViourally to a low recalculated data on women in Hyder
energy intake and thereby attempting abad who completed pregnancy at 
to relate a low body weight to some different body weights. Table 5, repro
functional impairment so that we could duced from a recent NIN Newsletter 
develop a justification for our choice of (27) shows startling evidence of the 
cu t-off points based on morbidity remarkable association of BMI with a 
rather than on mortality statistics data, low birth weight. Of even zreater signif
valuable though the latter would be. icance is the progresstve increase in the 
The choice of BMI ranges was judged proportion of low birth weight children 
on the basis of body compositional data in groups of mothers whose BMI faUs 
on the body's energy reserves as fat at below the "overweight" group shown in 
each level of BMI and some preliminary Table 5. These results are of excep
data were also available on the proba tional importance because a small baby
bility of illness in a small group of is more likely to be disadvantaged in its 
Bangladesh men (25). future life. On a social baSis this is 

Subsequently Francois in FAO therefore of national significance and 
calculated the morbidity and activity suggests that if anything our BMI crite
patterns of men and women and clearly ria were too generous for women. Origi
showed increasing behavioural adapta nally the only baSis for retaining the 
tion and illness in those whose BMIs same BMI cut-off points for women as 
were below 18.5. We then embarked, men was based on our concern that the 
for FAO, on a detailed analysis of BMI higher energy stores at eqUivalent body 
data from all over the world and weight in women might be advanta
encouraged the recalculation of data geous to them in pregnancy and partic 
and re-evaluation of morbidity data ularly in lactation. Now we have dear 
which might allow us a clear evaluation evidence that a BMI of 18.5 is not too 
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TABLE 5 
Material weight and birth weight in I-Iyderbad . India 

BMI grade <16 16-16.9 17- 18.4 18.5-19.9 20-24.9 25-29.9 >30 

# 4 6.6 27.4 35.5 3.4 0.2 

Mean maternal 
height (cm) 151.9 151.4 15 1.2 151.2 151 .0 151.5 151.7 

Mean maternal 
weight (kg) 35.4 38. 1 40.9 44.1 49.6 60.6 75.5 

Mean birth 
weight (g) 2510 2573 2673 2771 2812 2972 2956 

# below 2.5 kg 53.1 41.4 35.9 27.7 26.4 14.7 20.0 

Risk ratio of 
low birth 
weight child· 2.02 1.58 1.37 1.05 1.0 0.56 0.95 

• This is the ratio of babies with low birth weight in each category compared with those with 
m others having a f3MI of 20-24 .5 . The mothers' average haemoglobin did not differ signifi
~antly between the groups being 10.9 g/dl on average . The weights were obtained 24 h after 
delivery. thus explaining the lower prevalence of chronic energy deficiency than in the national 
samples of non-pregnant women . Extracted from (27) . 

high a va lu e for wom e n a nd t h a t 
modestly low levels of BMI are associ
ated with functional decrem en ts . 

Further striking data emerged from 
NIN this year with their brief p ublica
tion of mortality data on Indian men 
wh os e BMIs had been measured 10 
years before an assessmen t of survival 
was ma de. Again a progressive increase 
in mortali ty was shown with men below 
16.0 BMI having a three-fold greater 
mortality rate than th ose with BMIs 
above 18 .5 (28). 

A simplification in the 
classification of chronic energy 
deficiency 

Wh ile these re-e va lua tio n we r e 
proceeding, re-analysis of Indian and 
African data was procee ding in b oth 
the Italian National Institute of Nutri
tion and at the Rowett Research Insti
tute. Data from both the rural Indian 
and Ethiopian studies showed t h at 
many adu lt men a n d w omen w e r e 

surprisingly inactive and that it was 
impossible to discriminate the adults 
wh o were consistently inactive since 
ac tiv ity patterns were so variable. 
Furth ermore, we came to recognise 
that food intake data cannot be used as 
a measure of potential physical activity 
because th e large differ-.:nces between 
in diViduals in their BMRs meant that 
at eqU iva lent food intakes some 
members of the group with a high BMR 
would be able to do far less than those 
who had a low BMR. Thus we would 
have to reply on physical activity moni
tor ing to establish the three CED 
grades if we persisted with this 
measure in classification scheme. We 
co n cl uded that our concern not to 
s pecify very active, thin individuals as 
having CED was an unnecessary extra 
criterion . In practice, the choice of 1.4 
times the BMR as the activity cut-off 
poin t meant that in Ethiopian studies 
it seemed totally arbitrary who would 
fall above or below the line and the 
effect of including the measure seemed 
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unhelpful. We also noted that our origi
nal classification in practice led to a 
very odd distribution of CED cases 
since we would expect a smooth 
progression with a few severe cases but 
increasing numbers of moderate and 
mild CED in a population. This expec
tation of a biologically even measure 
only applied if we relied on BMI data 
alone. We have therefore concluded 
that a simple classification scheme 
based on BMI data only should apply. 

Preliminary data relating to India 
Table 6 presents preliminary data 

from studies only a few of which reflect 
national samples. Nevertheless it seems 
clear that by concentrating solely on 

TABLE 6 

children's growth UN Agencies may 
have obtained a distorted picture of 
Indian food and health needs. The data 
are a cause for great concern . With 
abou t 800 million people different 
published samples suggest that 50
70% of the adult population is chroni
cally energy deficient. This is of enor
mous significance for public policy. It 
cannot be argued that this widespread 
deficiency is spurious and simply 
reflecting the choice of cut-off pOints in 
an arbitrary classification scheme since 
the National Institute in Hyderabad has 
objective data in both men and women 
of functional deficits at levels corre
sponding to the chosen BMI ranges of 
CED. These parallel the other function
ally related African studies analysed by 

Adult chronic energy deficient (CED) in India in the late 1980s 

Grade ofCED III II Mean BMI 

% 

Men 

Pooled 10 state survey 9 13 28 18.6 

Hyderabad villages 5 13 33 18.9 

IFPRI rural village study 19 19 32 17.7 

Urban affiuent 24.6±3.4 

Women 

Pooled 10 state survey 

1988-1990 11 13 25 18.6 

Hyderabad villages 10 15 33 18.4 

IFPRI rural village study 16 18 27 18.0 

EEC study: poor women 19 16 33 17.9 

Urban affiuent 23.8±2.9 

Note: Only the Pooled study calculated by Naidu and colleagues at the National 
Institute of Nutrition for FAO can be considered representative. The Hyderabad 
village and EEC study data were kindly provided by Dr K Satyanarayana from the 
National Institute. IFPRI data were made available by Prof. A Ferro-Luzzi. The IFORI 
study was organised to look at a particularly disadvantaged community and only the 
poor women from the EC study are cited. The means + SD of the affiuent urban 
a du lts are taken from Gopalan (30). 
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Francois for FAO. Furthermore, exten
sive studies on affiuent Indians by the 
National Institute dispense with the 
idea that Indians are racially different 
in terms of stature and size: Indians 
well fed from birth and without recur
rent infections seem to attain dimen
sions very similar to those of 
Caucasians. We have to conclude that 
we now need to rethink completely our 
approach to adult malnutrition. Poli
cies relating to public health, health 
care, rural development and agricul
tural development must all be recon
sidered to take account of this newly 
recognised feature. 

Other Asian countries 
Table 7 presents very preliminary 

data on other Asian communities. 
China seems to be very unusual in 
having a very narrow distribution of 
BMls with only a small proportion of 
the population having Grade I or mild 
CED. For the rest of Asia we have only 
sproadic data except for Vietnam. The 
Japanese are soon likely to become 
predominantly overweight and obese as 

TABLE 7 

their dietary fat content rises but in 
Vietnam it is clear that about 28% of 
the adult population has CED. Data 
from Malaysia, Thailand and Pakistan 
are not representative but CED may 
not be such a problem. It is difficult to 
believe that Bangladesh is any better 
than India and it would be useful to 
have clear data on Afghanistan. 
Borneo. Burma. Cambodia. Indonesia, 
Laos. Nepal and Sri Lanka. The Philip
pines would also merit study and data 
from Taiwan have not yet been re-anal
ysed. 

Conclusions 
We are now on the verge of a 

complete re-appraisal of our concepts 
of energy requirements. The precision 
of our analyses has improved substan
tially and we now seem to have a 
coherent strategy for assessing energy 
requirements. Basal metabolic rates for 
Asians may prove to be about 10% 

below international levels but this 
could well reflect long-standing nutri
tional deprivation. If our new concepts 
of energy needs are taken to indude a 

The body mass index of some Asian populations 

Males Females 

Mean 0/0 CED Mean 0/0 CED 

China 21.1 11.3 21.6 13.3 

India 18.6 50.0 18.6 49.0 

Malaysia 22.0 11.0 21.7 15.0 

Pakistan (Sind) 18.9 48.0 19.4 40.0 

Vietnam 18.3 28.0 19.9 29.0 

Data kindly provided in more extensive form to FAO by: China Dr Ge: India 
National Institute. 10 state surveys: Malaysia - Noor and Hashim: Pakistan - Garcia 
and Alderman. Vietnamese data are published (29). Only the data from China. India 
and Vietnam (29) are based on national or regional sampling methods. age groups 
vary but data relating to 18-30 years old only have been included. 
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TABLE 8 
A comparison of different estimates of the energy requirements for Indian adults 

Estimate 1973 FAO 1991 1991 1991 

Body weight Actual Actual BMI=20 BMI=20 

Activity Moderate Moderate Moderate PAls 
Table 2 

Women 1724 1852 1904 1939 


Men 2309 2576 2649 2708 


Actual body weights and heights were taken from recent data prOVided by the 
National Institute of Nutrition in India to FAO and applied as specified to the esti 
mates. The moderate activity of the 1973 Report specified 46 kcaJ/kg for men and 
40 kcal/kg for women. The current estimates are based first on actual body weights 
for direct comparison but with the new BMR and PAL levels of the FAO 1985 report. 
Then the effect of a BMI of 20 for both sexes is calculated to minimise the probabil 
ity of CED in either men or women. and finally the generalised PAL values from 
Table 2 are included; these values specified in James and Schofield (17) make differ
ent assumptions about the proportion of light, moderate and heavy activity workers 
in urban and rural communities. 

higher level of physical activity to main
tain desirable contributions to societal 
and personal welfare and if we also 
take into account our new ideas on 
body weight. then it is apparent from 
Table 8 that these are likely to make 
substantial demands on the national 
adult energy needs which will rise by 
about 15-17%. The issue of chronic 
energy deficiency in adults has been 
neglected because nutritionists have 
concentrated their efforts on the so
called vulnerable groups . Levels of CED 
in Asia are highly variable bu t in India 
are higher than in Africa. We need to 
re-appraise our concepts of nutritional 
need in the light of this new eVidence. 
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Mo(lern tecHniques of amino 
towards future nutritional needs 

Ryuichiro Tsugawa 
Ajinomoto Co., Inc. Tokyo, Japan 

Owing to the recent progress in 
nutritional. physiological and medical 
fields, utilisation of amino acids as 
clinical nutrients and pharmaceuticals 
has been widely expanded. Studies on 
the wide application of amino acids 
have resulted in consumption of a large 
amount of amino acids as clinical 
nutrients and pharmaceuticals. This 
d~mand for amino acids has in turn 
accelerated the R&D of amino acids 
production and has led to the indus
trial production and the commercial 
supply of a variety of amino acids. 

In this presentation, the technical 
progress of amino acids production and 
their possible techniques towards 
future nutritional needs are described. 

A variety of purified amino acids is 
used for parenteral and enteral nutri
tion, and purified protein hydrolysate is 
also used for enteral nutrition in the 
field of clinical nutrition. 

Recent R&D studies on the medici
nal efficacy of amino acids in clinical 
nutrition has made clear the specified 
activities of amino acids against vari
ous kinds of diseases. 

Branched chain amino acids, such 
as leucine. isoleucine and valine, are 
effective against hepatic encephalopa
thy and sepsis by infection. Such 
essential amino acids as arginine and 
histidine are effective against renal 
disorders, and glutamine is also effec
tive in the patient who had an opera
tion for enterectomy. 

To meet the needs for stabilisation 
to heat and for higher solubility of 

amino acids, chemicals properties of 
their dipeptides are becoming impor
tant enough to solve these issues in the 
parenteral nutrition area. Heat-unsta
ble amino acids, such as glutamine 
and cysteine, can be stabilised by 
converting them to corresponding 
dipeptides. In addition, poorly soluble 
amino acids, such as isoleucine, 
leucine, valine and glutamine can be 
modified to corresponding dipeptides in 
order to increase their solubility. The 
improvement of a method for the 
preparation of dipeptides at low cost is 
an important issue in amino acid
manufacturing industries. 

Technical progress of am~no acids 
production can be categorised into 
three periods. In the first period, amino 
acids were produced by extraction from 
hydrolysed protein. The present 
process which was developed in the 
second period is utilising wild strain or 
conventional mutants of bacteria in 
fermentation of enzymatic process. In 
this period, we also have created "the 
metabolic regulatory fermentation" in 
Japan. In the third period, microorgan
isms which were improved by recombi
nant DNA technique or cell fusion tech
nique will be used in fermentation or 
enzymatic process. 

In general, biosynthesis of L-amino 
acids in organisms are well balanced. 
and excessive production of L - amino 
acids is metabolically regulated by 
feedback inhibition by end-products 
inside the cells. In almost all cases of 
L-amino acids fermentation, therefore. 
microorganisms or key-enzymes 
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therein were necessarily desensitised to 
this feed-back inhibition except L
glutamic acid fermentation. 

A method for desensitisation to 
feedback control by end-product is 
described. taking L-Iysine-producing 
regu1atory mutant as example. 

In 1971 it was found that L-Iysine 
analogue. aminoethyl cysteine resistant 
strain of this microorganism could 
produce large amounts of L-Iysine in 
the culture medium, and after that, in 
the same way. amino acid analogue 
resistant strains could produce the 
respective amino acids. 

In this way, many L - amino acid
producing mutants were obtained, and 
thus "the metabollic regulatory fermen
tation" was established. 

Flow diagram of L-amino acid 
production by fermentation is 
described. 

In order to supply large amounts of 
amino acids of high quality at economi
cal price, trials for cost reduction in the 
manufacturing process are important. 
For the cost reduction, an improvement 
in fermentation yield of amino acids 
from sugar, carbon source, is one of 
the major factors. At present, the yields 
of L-glutamic acid, L-Iysine, L
ornithine, L-glutamine and L-proline 
are faidy high compared with their 
theoretical yields. However, the yields 
of other essential L-amino acids such 
as L-histidine, L-isoleucine, L-Ieucine, 
L-phynylalanine, L-threonine, L-tryto
phan, L-tyrosine and L-valine are still 
lower. So the improvement in yield of 
these essential L-amino acids is neces
sary to provide large amounts of these 
amino acids at economical price. This 
is especially so for the production of 
the branched chain L-amino acids, 
because demand for these amino acids 
will be expected to increase in the 
future. 

L-Aspartic acid, L-alanine and L-

cysteine are produced by enzymatic 
methods from respective intermediate 
or precursor. L-cysteine is produced 
through a skillful method established 
by Ajinomoto Co., in which DL-amino 
thiazoline carboxylic acid is totally 
converted to L-cysteine. 

As a method for improving the 
activity of L-amino acid-producing
bacteria, r-DNA technique is expected 
to get a higher level of yield than that of 
conventional mutant. Through the 
application of r-DNA techniques, the 
conventional mutants which gave lower 
L-amino acid yield, such as L-threo
nine, L-phenylalanine, L-tryptophan 
and L-isoleucine-producers, can be 
made to improve their productivities. 

Owing to the recent progress in 
biotechnology, which includes r-DNA, 
mass cell culture and cell fusion tech
niques, we are able to get a consider
able amount of physiologically-active 
proteins derived in vitro from human 
cells which are working physiologi
cally in human body. 

The purification process for these 
human proteins seems to be techni
cally difficult to get them in their 
biologically-active or native form. 
However, if we can get large amounts of 
these purified proteins, we can use 
them fot nutritional purposes. It will be 
important to have dipeptides of L
amino acids supplied as the high qual
ity clinical nutrients. To date, however, 
the biotechnological techniques which 
can supply a large amount of these 
pepUdes at ecomonical price, have not 
been established. 

"Tandem dipeptide cutting 
system", which is intended to cut off 
the same dipeptide one after another 
from the long chain of protein which is 
composed of the tandem dipeptide. and 
"synthetic system by enzyme or 
living ceU" are proposed as possible 
methods for the dipeptide production. 
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Introduction 
Among the 90 naturally occurring 

elements, 73 are termed as trace 
elements. At present. only 17 elements, 
Cr, Mn, Fe, Co, Cu, Zn, Se, Mo, I. F, Li. 
Si, V, Nt, As, Pb and B, are recognised 
as essential to m an (1). Ten of these 
essential elements, i.e. Fe, Cu, Zn, Cr, 
I. F, Se, Mo, As, and B appear to have 
presented problems in normal human 
nutrition . The problems arose mainly 
either from dietary form (e.g. Fe, Cu, 
Zn, and Cr) or from geochemical envi
ronment (I.e. I. F, Se, Mo , As and 
B).Some of these diseases are of world
wide prevalence, imposing severe harm 
on human health. For instance, the 
nutrit ional iron-deficiency anaemia 
(IDA) is the most common nutritional 
disorder and is an important cause of 
morbidities, and when severe, mortal
ity. In developing co un tries, severe 
anaemia can be an associated cause in 
50% and the main cause in up to 20% 
of maternal deaths (2). Io d ine defi
ciency desease (IDD) is another recog
n ised problem of world-wide concern, 
and more than 3 million people are 
overt cretins and millions suffered from 
some intellectual or motor deficiency in 
parts of the world (3). Se-deficiency 
related diseases covered a very wide 
area in China. Among them. Se defi
ciency a n d Keshan disease (KD) have 
been well documented. Kashin-Beck 
d isease (KBD) has also been reported to 
b e Se-responsive .Th e severity of IDD 
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may be enhanced by Se-deficiency. 
Problems of association of Se with 
cancer and cardiovascular diseases 
have not been resolved (4) . 

A close examination on the occur
rence of these diseases would be useful 
for their prevention or for revealing 
unknown roles for the newer trace 
elements. For this purpose, disOI ders 
such as caused by man-made environ
mental pollution, genetic defects, other 
secondary effects and trace element 
(I.e. cobalt) whose nutritionally-avail
able form is worked out as a vitamin by 
intestinal flora, are excluded in this 
discussion. 

Essential trace elements differ from 
other micro-nutrients in that, they all 
come from the soil. But why the prob
lem of cation group arises from nutri
tional reason and only anion group 
from geochemical envlronmen tal 
reason? Whether the imbalance state of 
such cations or not exists in soils. To 
understand the distribution of the 
cation group in soH, plant disease 
could be expected as an indica tor. 
Although plants, in general. are much 
more resistant to an increased concen
tration than to an insufficient content 
of a given element (5). the exhibition of 
p lant deficiency and poisoning 
diseases, or the verification of unusual 
levels of certain elements in plants, 
would at least show that the possibility 
of geochemical factors has an influence 
on the health oflocal people. 
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Naturally occurring plant diseases 
caused by insufficient or excessive 
supply of trace elements in cation 
group from local soil 

Naturally occurring plant diseases 
related to defiCiency of Fe. Cu and Zn 
were widespread. while Fe toxicity has 
constituted an economic problem in 
certain rice-growing areas (6). Some 
plant species are Cu- or Zn-tolerant (7); 
they accumulated these elements With
out manifestation of any toxic signs. 
However. toxicities of these to elements 
still appeared as plants grew in soils in 
the neighbourhood of ore deposits. Cr 
is not required by plants; thus environ
mental defiCiency of Cr cannot be 
Judged by plant defiCiency disease. 
However. Underwood attributed the 
substantial variation of Cr levels in 
human liver and kidney as a reflection 
of regional difference in environments 
(8). Phytotoxicity of Cr. however. has 
been reported for plants on soils devel
oped from ultra basic rocks. Native 
plants. mainly from areas of surpentine 

TABLE 1 

can accumulate as much as 0.3% Cr 
and forest trees grow poorly there (5). 
Therefore the natural influences of 
insufficiency and excess of Fe. Cu. Zn 
and Cr from soils on plants are in exis
tence (fable 1). 

Naturally occurring human 
diseases caused by inadequate 
intake of trace elements of the 
cation group from locally-produced 
foods 

It is apparent that a distinct prop
erty of cation group is the low effiCiency 
of absorption. As high as 70-99.8% of 
metals contained in foods cannot be 
absorbed (9-13). This property would 
largely reduce the bioavailable amounts 
in foods. thus greatly help to alleviate 
the risk of tOxicity. but it would grea tly 
enhance the risk of deficiency (Table 2). 
Fe and Zn defiCiency diseases easl~y 
prevailed among people when cereal 
and vegetables were used as staple 
foods in particular. since Fe and Zn are 

Natural plant diseases of defiCiency and toxicity caused by the soil imbalance state 
of cation group 

DefiCiency Toxicity 

Fe Chlorosis of leaves (WS) 
(Calcarous soild) 

Cu Exanthema Dis. (WS) 
Reclamation Dis. (WS) 

Zn Little-leaf Dis. (WS) 

Cr Not required 

WS = Widespread 
Tol. = Tolerance 
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Brown spots in leaves (WS) 
(Rice growing area) 

Inhibition of root 
growth (Tol.) 

Inhibition of root growth 
Chlorosis of leaves (Tol.) 

Chlorosis of leaves. 
brownish red leaves 
(basic rocks) 



I 

poorly utilised in crude cereal prod deficIencies appeared in malnourished 
ucts, while in highly polished cereals children, while Cr may be deficient in 
only poor amounts of these metals are some old people and diabetics. 
retained. Iron-defiCiency anaemia is a 
widespread disease, particularly among 
children from 7 months to 1 year of 
age. Even in the city of Beijing, the 
incidences, among 236 infants within 
the ages of 4 to 6 months were: nutri
tional anaemia 45.6% , iron defiCiency 
62.1 0A> and iron-defiCiency anaemia 
340/0 (14). Zn deficIency is also a world
wide problem. A syndrome of Zn defi
ciency similar to nutritional dwarfism 
has been reported In Iran (11). 
Marginal Zn defiCiency is likely a nutri
tional probl em among children in 
China (15). As high as three hundred 
million or around one-third of the 
population of China is at risk of iodine 
defiCiency dtsease (IDD) (16). Cu and Cr 

TABLE 2 

Naturally occurring human diseases 
caused by inadequate intake of trace 
elements of the anion group from 
locally produced foods 

An important reason of problems 
arising from anion group seems to be 
its high absorption efficiency (Table 3), 
in contrast to that of cation group. 
Both defiCiency and toxicity diseases 
occurred for most members in anion 
group. As Mertz has pOinted out that 
elements occurring in small anionic 
form are different from that of cationic 
form in some respects, homeostatic 
control is relatively weaker for anionic 
form, but the latter is more efficiently 
absorbed. However, their final bioavail-

Naturally occuring human diseases caused by inadequate dietary intake of trace 
elements In cation group 

Element Efficiency of DefiCiency Prevalence Toxicity 
absorption disease 

Fe 

Cu 

Zn 

Cr(IlI) 

1-2°A> for 
cereal
dominated 
diet 

Poor 

20-30°A> for 
cereal
dominated 
diet 

0 .2-0.5% 

IDA 

Malnutrition 

Nutritional 
dwarfism 

Impaired 
glucose 
tolerance 

Worldwide ? 

Recovering 
from PCM 

Mild defiCiency 
may be common 

? 

? 

Malnourished 
children, 
diabetics etc. 

? 

IDA = Iron defiCiency anaemia 
PCM = Protein calorie malnutrition 
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abilities were further infuenced by 
dietary interactions (16.17). The differ
ences in their behaviours may be 
attributed to the different physico
biochemical properties between cation 
and anion groups. In the anion group. 
in consequence of long-term intake of 
inadequate amounts of certain 
element(s}. the organism will not be 
able to regulate and maintain tissue 
element concentration at normal range. 
and endemic diseases may appear. In 
areas where the main dietary compo
nents are locally-produced vegetables 

TABLE 3 

or where the drinking water is supplied 
by local wells. such a living style 
enables the geo-chemical imbalance 
state of soil to exert its influence on 
local inhabitants through foods (Table 
3) and drinking water. and alter the 
normal metabolism. For instance. in 
Se-deficient area. corn and rice 
contained Se averaging less than 0.01 
/lg/g: if one takes 600 g of either cereal 
daily. the Se intake is only one-fourth 
of the minimum reqUirement. while if 
one takes 100 g of animal foods (fresh 
water and poultry products), it will 

Naturally occurring human diseases caused by insufficient or excessive dietary 
intake of trace elements in anion group. 

Prevalence ToxicityElement Absorption Deficiency
disease 

Almost Goiter. Worldwide Goiter 
complete Cretinism 

F Efficient 

Se Efficient 

Mo Ready 

As Good 

Almost 

Dental 
caries. 
Osteoporisis 

Public 
problem 

Mottled 
teeth. 
skeleton. 
fluorosis, 
etc. 

KD. (KED) 
etc. 

Widespread 
in China 

Hair. nail 
loss 

EC In Linshan. 
China 

Gout 

? ? Abnormal 
pigmentation & 
keratosis of skin 
etc. 

Osteoporosis 

Arthritis 

? ? 

KD 
KED 
EC 

Keshan disease 
Kashin-Beck disease 

= Esophageal Cancer 
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0.019 0 .093 3.2 

Comparison of the capacities of vegetable and animal foods for transmittance of soil 
Se imbalance state (2,39,40,44-48) 

Se Concentration (~g per g or ml) 

supply more than three-fourths of the 
minimum requirement. On the other 
hand, one can find plant foods also 
contained the highest amounts of Se in 
high Se area. During outbreak of Se
toxicity, daily consumption of 600 g of 
corn or 400 g of turnip green alone can 
provide around 25 mg of Se which is 
more than forty times the proposed 
maximum safe Se intake of 550 ~g/d 
in seleniferous area. Thus plant foods 
possesss great ability to bring about Se 
imbalance including either deficiency 
or toxicity or other relationships from 
interactions of ion in soils (Table 4). 

TABLE 4 

soils. Iodine in drinking water generally 
reflects the iodine level of the local soil. 
In goitrous regions in Epypt, the water 
iodine content ranged only 7-18 Jl g/ 1 
(18). Long-term intake of insuffiCient 
iodine results in retardation of both 
physical and mental development. As 
high as 300 million or around 1/3 of 
the Chinese population is at risk of 
iodine deficiency disease (IDD) 09) . 
Recently it is identified that the 
enzyme, type I iodo thyronine 5' - deio
dinase which catalyses the deiodination 
of T4 to T3, is a selenoenzyme (20); 

Low-Se area 

Environments 

Soil 0.112 

Mediwn 

Corn 
Rice 
Vegetable 

(leafy) 
Kidney 
Fish 
Shrimp 
Egg 

0.006 
0.008 
0.0007 

0.613 
0.168 
0.171 
0.120 

Residents blood 

Calculated on fresh basis 

The iodine concentration in foods 
varied greatly and is in fluenced by the 
con ten t and availabili ty of iodine in 
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Ordinary Se area High-Se area 

0.234 7.9 

0 .032 
0.051 
0.006 

0.5-44.0 
0.3-20.2 
0.945-71.3 

2.17 
0.469 
0.274 
0.213 

0.74-3.72 
4.1 

2.77 

thus the concomitant deficiency in 
iodine and Se would aggravate iodine 
deficiency. Although it was found that 



blood level of T3 in residents in low-Se 
area in China. is usually lower in 
comparison with that of T4 (21), 
whether or how it had affected IDD is 
not known. Iodine toxicity has been 
reported in Japan and China. In China 
toxicity can be caused either by 
consuming high iodine foods as in 
Japan or by drinking high iodine 
content water in high iodine area. High 
iodine areas are located both at coast 
and inland. sometimes in the neigh
bourhood of oil field. The iodine content 
of drinking water may be as high as 
1920 Ilg/L where the incidence of 
goitre is 41 % (22). Food iodine 
contributed much less amount to the 
daily iodine in take (Yu Z. 1991; 
personal communication). 

Soil fluorine is not readily taken up 
by grain and thus fluorine in drinking 
water becomes an important source of 
human daily fluorine intake. Since the 
flourine content of drinking water 
varies from 0.1 to 40 Ilg/ml. flourine 
defiCiency and toxicity are widespread 
diseases in many parts of the world. In 
China. endemic flourosis is particularly 
severe; it is caused either by drinking 
water of high flourine content or inhal
ing air contaminated by high F coal 
smoke. Flourlne contents of drinking 
water in Chinese endemic areas were 
within the range of 1-4 mg/L. and in 
areas where heavy prevalence 
appeared. were > 4 mg/L. The highest 
content reached 32 mg/L (23). Preven
tion of flourosis has proved to be a 
difficult problem in practice in China. 
although various methods including 
improving living conditions. protecting 
from inhaling F -con tamina ted air. 
changing water sources and removing 
water flourine by physical and chemical 
methods have already been proposed. 

Molybdenum content of grains is 
greatly influenced by Mo level and 
circumstances in soils. DefiCiency of 
Mo in humans has been described in 
patien t from prolonged TPN using 

amino acid solution with inadequate 
molybdenum whereby signs caused by 
deficency of two Mo-enzymes. sulphite 
and xanthine oxidases. appeared (24). 
Naturally occurring cases have not yet 
been found. However Mo was claimed 
to exhibit an inhibitory effect on 
carcinogenesis in an esophageal cancer 
high risk area where environmental Mo 
level is low (25). while high incidence of 
gout has been reported in high Mo area 
in Armenia. Soviet Union (26). 

Soluble boron in the soil consists 
mainly of boric acid. Under soil pH 
conditions this acid does not dissociate 
and in contrast to all other plant nutri 
ents. boron is 'mainly present in a 
nonionised form in soil solution. This 
may be the main reason why boron can 
be leached so easily from the soil. In 
contrast to humid areas. boron may 
accumulate in arid regions to toxic 
levels in the upper soil layer (7). 
Concentration of boron in drinking 
water varies considerably according to 
geographic source and may account for 
most of the total dietary intake (27). 
Boron was reported to affect calcium 
metabolism via a regulatory role and is 
an important nutritional factor deter
mining the incidence of osteoporosis 
particularly under low dietary intake of 
magnesium or with hormonal changes. 
such as those in menopausal women 
that cause an increased loss of calcium 
from bone (28). Supplementation of a 
low-boron diet with boron induces 
changes in post-menopaused women 
consistent with the prevention of 
calcium loss and bone demineralisation 
(29). It is more concentrated in plant 
tissue than animal tissue (30). Since 
boron has a low order of toxici ty and 
signs of chronic toxicity were not 
defined. whether or not boron toxicity 
has been a problem in certain areas on 
the world is n ot known. 

The essentiality of arsenic to 
humans has not yet been well recog
nised. In the northern part of 
XingJiang where arsenic concentra
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Hons in drinking water ranged from 
0.05 to 0.85 Jlg/ml, the incidence rate 
of endemic arsenosis was reported to 
be over 45%. The symptoms are numb
ness of extremities, drowsiness, weak
ness, hyperkeratosis and abnormal 
pigmentation of skin (30). 

Selenium deficiency and KD (31, 
32, 33, 34, 35) 

Early clinical, pathological and 
epidemiological studies have evidenced 
that KD is a biogeochemical disease, 
the occurrence of which is always asso
ciated with White Muscle Disease of 
animals. This indicated that KD may 
be a selemium deficiency-related 
biochemical disease. To identify KD 
with Se deficiency, two categories of 
work have been perfonned. (a) Poor Se 
level is associated consistently with 
geographical distribu tion of KD 
epidemiologically (31, 32, 33, 34) . (b) 
KD is a Se-deficiency related nutri-

TABLE 5 

tional deficiency endemic disease. The 
Se-poor environments depleted the 
residing inhabitants via long-term 
intake of locally- produced vegetable 
foods and consequently KD prevails 
regionally rrable 3). The disease can be 
prevented by Se-supplementatlon 
(Table 4) (35). 

Along with the recent change of 
rural dietary habit, incidence of KD 
naturally fell toward its historical mini
mum year after year which led people 
to suspect whether Se is responsible for 
this reduction. A large scale observa
tion was thus conducted in west China 
(36) (Table 5). The results indicated not 
only that Se Is necessary but also that 
the intakes of seleni urn naturally 
increased and were in most cases not 
enough to meet requirements. Further
more, it also reflected that KD is a 
multi-nutrient deficiency with Se-defi
ciency as the primary, fundamental 
factor, since KD occurred only in 
extremely low Se area. 

Efficacy of sodium selenite for prevention of Keshan Disease among vulnerable 
population in Sichuan province, west China (39) 

Group Year Total Case Incidence Dead Blood Se 
Subjects (per level* 

thousand) (Jlg/ml) 

1974 3,985 54 13.6 27 
Control 0.014 

1975 5,445 52 9.5 26 

1974 4.510 10 2.2 o 
1975 6.767 7 1.0 1 

Treated 0.052 
1976 12.579 4 0.3 2 
1977 12,747 0 o o 

*Estimated after 6 months on oral Se-tablet 
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Based upon the above facts, a 
hypothesis for the incidence of KD 
(31,32,33) is summarised as follows: 
"KD is a biogeochemical disease. Poor 
Se state of sol1 has been demonstrated 
over the wide endemic areas as the 
geochemical factor (32). Inhabitants 
were depleted after long-term intake of 
low Se foods produced on the local soil, 
and finally they became Se-deficient. 
The presence of stress factor(s) in 
combination with Se-deficiency is able 
to start the cardiopathogenesis and the 
prevailing of KD. The combination 
factor(s) may vary as place is varied. 
They may be nutrients or non-nutri 
ents originally existing or as foreign 
con taminan ts probably in grains 
attacking particularly the myocardium 
in synergyism with Se deficiency (38
40) resulting in increase of Se reqUire
ment". Recent studies on mechanism of 
myocardiopathogenesis revealed that 
the antioxidative ability of patients is 
weakened in consequence of Se-defi 
ciency. Biomembranes and its intimate 
respiratory enzyme systems. an d 
macromolecular substances in 
cardiomyocytes are damaged. the 
structural and functional alterations of 
the important constituent s in 
cardiomyocytes and the resultant 
impairment of heart energy metabolism 
and muscle contraction would be 
responSible for the necrosis of heart 
muscle . The results obtained are in 
harmony with what the hypoth esis has 
suggested. 

Prevention of Se-deficiency diseases 

Selection offoods 

Prevention of defiCiencies of trace 
elements of anion group cannot be 
achieved by selection of foods and is 
somewhat different from that of cation 
group. The influence of geochemica l 
factors on food Se contents is so preva
lent and intensive that the author was 
unable to find any satisfactory plant 
foods as dietary Se supple ment s 

through es timation of 47 species 
including farm and mountainous 
vegetables and fruits in low Se area 
(41). The only food found to contain 
satisfactory amount of Se was mush
rooms ranging from 0.29 to 0.49 
~g/g. however their Se is poorly avail
able. Only animal foods such as poul
try products , fish and shrimp 
contained significant amounts of Se. In 
low Se area domestic animal products, 
except kidney. such as meat and liver 
contained little Se (41) . Since animal 
foods are used as dishes, the amounts 
usually ingest~d are not enough to 
raise the daily dietary Se intake to a 
satisfactory level (Table 3). 

The importance of cereals 

Cereals are always the key foods in 
the usual diets to contribute to the 
bulk of dietary Se intakes. People of 
coountries producing low Se cereals 
such as Finland and New Zealand had 
comparatively low dietary Se intakes 
even though the percentages of total Se 
intakes from animal foods were the 
highest. In the case of Japan, Se level 
in cereals was average and with suffi
cient dietary intakes of animal foods. 
the total dietary Se intake was able to 
reach the expected level. In the cases of 
United States an d Canada. not only the 
Se levels in cereals but also animal 
foods consumed were high as well. and 
consequently their dietary Se intake 
became the highest. (42) while in the 
Chinese endemic rural diet. both Se 
levels in the cereals and animal foods 
were very low and as a result, the daily 
dietary Se intake was the lowest (Table 
6). This indicates fu rthermore that. 
cereal can be used as an ideal vehicle 
for Se-supplementation. 

Efficacies of different methods used to 
raise dietary Se intake in low Se areas 
in China 

Increase in dietary Se intake in 
endemic area cannot be achieved by 
selection of foods or change of dietary 
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TABLE 6 

Influence of Se-ennched table salt administration on the recent natural reduction of inci
dence rate ofKD 

Group 	 Total 1980-1983 1984 1985 1986 
Subjects 
(million) Case Rate Case Rate Case Rate Case Rate 

Control 0.6 88-146 14.7-25.1 70 11.6 37 6.1 2.8 4.2 


Se-treated 1.05 244-283 23.7-28.1 78 7.2 7 0.64 5 0.46 


Adopted from Y.Y. Chen and P. Qian. Ref. (36). 
Average incidence rate (u=7.36, P < 0.0001) 

patterns (Table 7)1. Supplementation of in China. Se-enriched table salt was 
Se to endemic people by addition of Se easily accepted due to its simplicity. 
to either fertilizer or table salt was used However, since the Se added is of inor-

TABLE 7 

Influence of Se concentration of cereals on the dietary Se intakes in different countries 

China Finland· New Zealand Japan· U.S.A· Canada 

Cereals 

Se level (~g/g) <0.02 0.02 0.035 0.07 0.30-0.33 0.410 

% dietary intake 70 10 9 27 34 48 

Animal foods 

% dietary intake <5 86 84 66 62 46 

Total dietary 
intake ~g/d) 7 30 32 88 132 201 

Dietary intake proposed: Minimum Adequate Maxim 
~g/d) 22 50 400-550 

• Adopted from Combs and Combs (41) 
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ganic form which cannot be stored in in take and the preventive method 
the body, its ability to raise body Se mentioned above, the suggested cereal 
status is limited. Therefore administra safe concentration (0.5 to 0.8 ~g/g) 
tion of Se to fertilizer to increase cereal could be obtained (Table 8). 

TABLE 8 

Efficacies of dietary patterns or food Se concentration limitations used to raise or 
reduce daily dietary intake in low and high Se areas 

Diet ary pattern* Se-Enrichment** 
Area Actual 

dietary Western Japanese American Cereal Table 
0.04-0.10 salt 

(~g) (~g) (~g) (~g) (~g/g) (~g/g) 

LowSe 7 13 12 20 20- 44 50 

High Se 4990 >3945 400-549** 

* Adopted from Combs and Combs (41) 
** Suggested Cereal Se level 0.5-0.8 ~g/g (42). 

Se content to 0.04-0.10 ~g/g or a pred
icated daily Se intake of 20-50 ~g/d is 
the method of choice (43) . In this 
respect, Finland had successful experi
ence. As a result of enrichment of fertil
izers with Se, the mean serum Se level 
of Finnish people was found to increase 
from 70 to 110 ~g/L between 1984 and 
1987 (44). 

Prevention of Se toxicity (44) 

It is important first to prevent the 
contamination of foods and soils from 
high Se coal and its smoke. If the land 
is not appropriate for growing food 
crops, eC0I?-0mic crops can be planted 
instead. Afforestation is also a promis
ing way for utilisation of the land. Used 
coal ash and food wastes could be 
safely used as additions to feeds or 
fertilizers in low Se area. Based upon 
the proposed maximum safe level of Se 

Conclusion 

The imbalance between nutritional 
need and biologically available 
amounts of trace elements in the diet 
comes either from nutritional or from 
environmental factors. Cereal-domi
nated, locally produced vegetable diet 
is an important pr,edisposing factor for 
many of the endemic diseases, includ
ing both trace element deficiency and 
toxicity caused by the anion group. For 
prevention, a general supplementation 
of the specific element to inhabitants 
rather than to specific popUlations, is 
needed. since the geochemical influ
ence is intensive and prevalent. Along 
with the improvement of dietary habit 
(increase of animal food. interchange of 
foods etc.). some endemic diseases 
could naturally disappear. However, 
this does not indicate that the specific 
element intake was met. 
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Introduction 

Over the last few decades, many 
nations and concerned international 
agencies have been working singularly 
and together to improve the nutritional 
status of vulnerable population groups, 
especially young children. The 1960s 
brought with it the decade of the 
Applied Nutrition Programme (ANP) 
wherein various sectors had their own 
programmes to promote nutrition. 
Following the ANP. the 1970s called for 
multIsectoral integrated efforts to alle
viate malnutrition. Since 1980 and 
continuing into today, community
based interventions emphasising 
community participation form the basis 
for many local and national 
programmes. 

Over this time period, strategies for 
implementing effective nutrition inter
vention programmes have long been 
sought after. These have stressed not 
only the feasibility of implementation 
and short-term out-comes, but efforts 
to promote sustainable nutrition 
programmes have been of grea t 
concern. Although the efforts and 
outcomes of nutrition improvement 
programmes have been variable. som,e 
countries (such as IndoneSia. India 
and Thailand) have experienced 
substantial successes. This paper takes 
a look at the successes. as well as fail
ures, of nutrition intervention 
programmes in Asia, with an emphasis 
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on protein-energy malnutrition. The 
discussion focuses on four specific 
nations (Indonesia, India, Philippines, 
Thailand) and the lessons learned from 
their nutrition intervention programme 
experiences. Special attention is paid 
towards iden tifying the crucial 
elements of successful community 
nutrition programmes. 

Nutrition situation in Asia 

Most Asian coun tries still 
encounter problems in undernutrition. 
Protein-energy malnutrition (PEM) , iron 
defiCiency, iodine defiCiency disorders 
and vitamin A deficiency are among the 
most common nutritional problems (1). 
Infants and young children under five, 
especially those living in rural poor 
areas and urban slums, are the most 
vulnerable groups. In developing coun
tries today, 150 million children under 
five are seriously malnourished: about 
163 miUion are stunted: and 35 million 
are wasted (2). 

Table 1 shows the prevalence of 
malnutrition among the underfives in 
10 Asian countries where data are 
available (3). Severe underweight 
among 0 to 4 year old children is highly 
prevalent in some countrIes, such as 
Bangladesh, Pakistan. Vietnam and Sri 
Lanka. In other countries, where the 
prevalence of undernutrition (weight
for-agel is rela tively low, chronic 



malnutrlton (stunning measured by 
height-for-age) Is still prevalent. The 
magnitudes of stunting among children 
after two years of age are 20-70°A>. In 
addition, other vulnerable groups, 
namely school children and pregnant 
women, are also affected. 

TABLE 1 

Prevalence of underweight (weight-for
age) among 0-4 years children in 10 
Asian countries (1980-1987)* 

Country Moderates Severe 
+ (%)Severe 

Bangladesh 60 19 
Pakistan 39 10 
Laos 37 N.A** 
India 41 6 
Indonesia 51 1 
Myanmar 38 N.A** 
vietnam 52 13 
Philippines 33 N.A** 
Sri Lanka 38 9 
Mauritius 24 7 

* Reference (3) ** Not Available 

MIcronutrient deficiencies - espe
cially iron defiCiency, iodine defiCiency 
disorders, and vitamin A deficiency 
still persist in the region (4). Estimates 
suggest that 1,300 million people sutTer 
from anaemia, half of them as a result 
of iron defiCiency. The prevalence of 
iron deficiency anaemia is around 50% 
among pregnant women and children 
in many communities of several coun
tries in Asia. Iodine defiCiency is also 
highly prevalent and has been a lead
ing cause of irreversible disorders (I.e., 
cretinism) desp ite the long-known 
cause of the problem. At least 1000 
million people who live in iodine defi
cient environments around the world 
are at risk for both physical and mental 

developments. Of these, some 300 
million are in China, 200 million ·in 
India and 100 million in Indonesia. 
Vitamin A deficiency remains today as 
the major cause of preventable blind
ness in the Third World, although Vita
min A-rich food sources are widely 
available. Some 13 million preschool 
children have some degree of xeroph
thalmia due to severe vitamin A defi
ciency and some 40 million children go 
partially or totally blind due to vitamin 
A deficiency which is a serious public 
health problem in 37 countries includ
ing several countries in Asia. 

Unfortunately however, these rates 
are suspect and, in many cases, proba
bly under-estimate the actual situa
tions. Simple and reliable field me,thods 
for assessing these deficiencies as well 
as a sUIVeillance system to monitor the 
situations in developing countries have 
not yet been established. Most notably, 
there is still no "gold standard" for 
assessing vitamin A defiCiency as a 
basis for evaluating nutrition 
programme effectiveness. 

In countries which are economi
cally better-off. overnutrition (over
weight, obesity) and related diseases 
are increasing. The incidence and 
mortality associated with degenerative 
diseases and their nutritional causes 
have also increased. especially among 
urban dwellers. 

Nutrition interventions 
The most common nutrition inter

ventions are those used to tackle 
protein-energy malnutrition in young 
children, notably: (1) growth monitor
ing, (il) breast-feeding and supplemen
tary feeding, (iii) nutrition education. 
and (tv) health services for severe nutri
tional deficiencies. Interventions for 
micronutrient deficiencies are highly 
targeted. Short- to medium-term nutri
ent-oriented strategies (such as high
dose supplementation and fortification 
of foods with iron, vitamin A and/or 
iodine) are employed by several nations 
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with adequate resources and technical 
capabilities (e.g., IndoneSia, Thailand, 
Philippines). 

Implementation of nutrition 
interventions as large scale 
programmes 

Presently, nutrition intervention 
programmes are implemented in one of 
two ways (or in the case of Thailand, 
both). either as vertical programmes 
within a single line ministry (sectoral 
intervention) or integrative programmes 
involving several sectors and agenCies 
(multisectoral approach). If effectively 
implemented, both strategies can 
produce positive outcomes. Although 
there is no rule as to which strategy 
should be used in what situations, the 
sectoral approach works best when the 
problem is relatively serious, such as 
high prevalence of moderate and severe 
malnutrition. Immediate actions are 
necessary to prevent death and help 
ensure child survival. Medium- to long
term programmes generally rest on 
most in tersectoral and horizontal 
approaches. 

Sectoral implementation of nutri
tion intervention varies. Health sectors 
generally focus on curative measures 
where severe and moderate malnutri
tion cases are referred for treatment of 
associated infections. During rehabili
tation, both preventive and promotive 
measures (for example, nutrition coun
selling or proper feeding) may be 
conducted. The child feeding centre is 
another form of targeted sectoral nutri
tion intervention. Supplementary foods 
are given either as a take-home or on
site feeding to ensure consumption by 
the intended target children. 

In addition, nutrition interventions 
may be prOVided through social welfare 
services to a malnourished child and 
his/her family. Similar to programmes 
available through the health sector, 
food supplements or food rationing is 
prOVided to malnourished children (and 

sometimes their poor families) to 
ensure actual consumption. 

Nutrition education is usually 
conducted through multi-media chan
nels and various communication 
strategies. Effective communication is 
necessary, but it often must compete 
with mass media (commercial) promo
tions of nutritionally inadequate food 
products. This is clearly seen in the 
promotion of infant formulas and 
commerCially-prepared supplementary 
foods for infants and young children 
versus proper infant feeding via breast
feeding and home-prepared supple
mentary foods . Nutrition education is 
necessary as both a short- and long
term intervention measure. Usually, 
the health sector is the responsible 
agency. 

A multisectoral approach, however, 
comes into consideration when the 
multi-faceted causes (biological. socio
cultural) of malnutrition are being 
targeted for change. Theoretically, inte
grated efforts for tackling such under
lying causes appears to be the most 
effective strategy. In reality though. 
such an effort is very difficult to imple
ment, and a "top-down" approach is 
still overwhelmingly used. As will be 
discussed later, unless the community 
is invo lved in all intervention 
programme stages (problem identifica
tion, intervention planning, implemen
tation, monitoring, evaluation). the 
multisectoral implementation is 
unlikely to succeed. 

Selected nutrition programmes in 
Asia (I, 5-7) 

Asian coun tries have made 
substantial efforts in improving the 
nutritional statuses of their popula
tions. During the past two decades, 
nutrition programmes in many coun
tries have been successful. To illus
trate such efforts in Asia, four 
programmes are highlighted here - the 
Family Nu trition Improvement 
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Programme (UPGK) in Indonesia. the 
Integrated Child Development Services 
Scheme (ICDS) in India. the Philippines 
Nutrition Programme (PNP) and the 
National Food and Nutrition 
Programmes in Thailand. The UPGK. 
PNP and the Thai programmes are 
community-based interventions entail 
ing political commitment. community 
resources mobilisation and community 
participation. The ICDS programme in 
India differs in that it is the govern
.mental service with a targeting scheme: 
it also relies on external financial and 
technical supports. 

The UPGK in Indonesia 

The UPGK is a nationwide 
programme supported by the Indone
sian government. The UPGK aims at 
improving the health and nutritional 
status of the target groups. i.e. children 
under five years .pregnant and lactat
ing mothers. Areas possessing the 
highest mortality rates served as the 
early intervention sites. Later. the 
programme was expanded nationWide. 
The basic programme package includes 
monthly growth monitoring of the 
under-fives . health and nutrition 
education. food demonstrations. home 
gardening. and nutrition firs t aid 
(inclUSive of iron and vitamin A supple
mentation. as well as medical and 
h ealth services like ORS distribution). 
Implementation activities have been 
managed by community leaders and 
operated by volunteer cadres. 

In 1989. reports indicated tht 81
98% of the target child population were 
weighed. There were positive changes 
in knowledge and practices along with 
a relationship between programme 
attendance and improvements in child 
weight-for-age. Whi le there was an 
attempt to involve several sectors in 
these efforts. the impact was less than 
expected due to inadequate perfor
mance by the health cadres . Cadre 
performance in nutrition counselling. 
therefore, needs strengthening through 

additional training and supervision. 

The lens Programme in India 

The Integrated Child Development 
Services Scheme was initiated in 1975. 
The programme is implemented by 
state governments and receives partial 
financial support from the central 
government. Bilateral and international 
agencies (such as USAID. World Food 
Programme. and UNICEF) have 
prOVided food assistance. eqUipment 
and other materials. The programme 
focuses on p roviding in tegrattve 
services for children under five. preg
nant and lactating women. The ICDS is 
implemen tated through courtyard 
centers by trained community 
members and health center staff. 
Services include on-site and take-home 
food supplements for children. preg
nant and lactating women as well as 
iron. folate and vitamin A supplements. 
immunisations, curative care. and 
health and nutrition education. 

An evaluation in 1987-88 showed 
increased coverage and a substantial 
reduction of severe malnutrition. The 
in-service training and close supervi
sion of the communi ty workers 
improved their technical skills. 

The Philippines Nutrition 
Programmes (PNP) 

Since 1974. the Philippine Nutri 
tion Programmes have been imple
mented through a Presidential Decree. 
and there has been strong political 
support for the nutrition activities for 
almost a decade. The PNP's core activ
ity is growth monitoring for preschool 
children. Known as the "Operation 
Timbang", this activity is implemented 
at the village health station or weighing 
p ost in the community. Nutrition 
volunteers help recruit and weigh the 
children. Health and nutrition educa
tion, family planning services. immuni
sations and other health services are 
also prOVided. As of 1989. village nutri 
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tion volunteers covered nearly one
third of all villages in the country. The 
majority of volunteers were deployed in 
the most nutritionally-deprived areas. 

Due to political instability and 
na tionwide economic setbacks, the 
PNP's objective of improving the nutri 
tional status of vulnerable groups has 
not been fully attained. However, 
progress has been made, and outcomes 
might have been even worse without 
the continued efforts of personnel 
concerned with the nation's nutrition 
situation. The agency responsible for 
implementation, specifically the 
National Nutrition Council, has 
retained its roles in planning and coor
dinating nationwide action 
programmes, despite severe adminis
trative restructuring. 

The National Food and Nutrition 
Programmes in Thailand (7) 

Until the mid 1970s , Thailand's 
nutrition programme was one compo
nent of the nation's health plan. There
after, the National Food and Nutrition 
Plan (FNP) was, for the first time, 
included as an entity in the Fourth 
National Economic and Social Develop
ment Plan (NESDP) ( 1977-1981). The 
most significant accomplishment of 
this plan was the creation of strong 
awareness about major nutritional 
problems among the public and private 
sectors and at all levels. This led to 
strong political commitments in terms 
of the country's nutrition poliCies. 

A multisectoral approach was 
adopted and implemented by four main 
ministries, namely health, agriculture, 
education and interior (community 
development department). Early on 
however, the nutrition programme was 
not fully implemented due to a lack of 
inter- and intra-sectoral collaboration. 
Further, there was no change in 
programme planning and the budget 
allocation structure to support multi 
sectoral efforts. There was also very 

little participation by the community. 
Consequently, many of the activities 
did not achieve their set objectives (for 
example. centrally produced supple
mentary food. nutrition rehabilitation 
in rural villages) .When the national 
nutritional surveillance data first 
became available at the end of 1982. it 
showed a strikingly high prevalence of 
PEM ( > 51 CA» among preschool chil 
dren I(Table 2) . Overall, nutrition 
programmes employed during the 
Fourth NESDP were only stopgap 
measures to relieve the most severe 
form of malnutrition. Systematically 
planned long-term solutions were 
perceived as necessary for sustained 
improvement of the population's nutri 
tional status. 

The Fifth NESDP (1982-1986) 
continued to include the food and 
nutrition plan. However, the concept 
and planning approach changed, 
because malnutrition was recognised 
as a manifestation of poverty and igno
rance. The main thrust of the Fifth 
Plan's nutrition policy was thus rooted 
in the broader policy of poverty allevia
tion and development of the rural 
areas. This was the important turning 
point in the nation's development 
approach. which formerly focused 
attention on overall economic growth 
and its trickle down effects on rural 
development. 

Successful implementation of the 
community-based nutrition program
mes were strengthened and accelerated 
by the long-term policy to achieve 
"Health for All by The Year 2000". Two 
important national poliCies - rural 
poverty eradication and primary health 
care (PHC) - were adopted in the Fifth 
NESDP. Both poliCies have nutrition 
concerns as a main component. The 
rural poverty alleviation policy focused 
on identifying poverty areas needing 
urgent attention. These then served as 
the target areas for all implementation 
agencies, including the integration and 
coordination of activities in rural devel
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TABLE 2 

Percent prevalence of protein energy malnutrition (PEM) in preschool children 

£VVt/Age) Thailand· 

Year Nutritional status (%) 
No. of children 
surveyed Normal Mild PEM Moderate Severe 

PEM PEM 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1,000,000 

1,270,393 

1,590,830 

1.620,518 

2,277,908 

2,351.521 

2.435,129 

2,539.407 

49.21 

64.77 

70.67 

71.55 

74.91 

77.11 

78.85 

79.14 

35.66 

28.5 

24.85 

24.35 

21.84 

20.53 

19.51 

19.72 

13.00 

5.90 

4.20 

3.90 

3.12 

2.30 

1.60 

1.14 

0.80 

0.27 

0.21 

0.13 

0.06 

0.02 

0.01 

• Division of Nutrition, Ministry of Public Health (7) 

opment at central and local levels. 
There was also a striking organisa
tional change for rural development. 
One national committee was created 
(instead of several separate sectoral 
developmental committees), and it was 
in charge of development policies and 
infrastructural development from the 
central to village levels. 

During the Fifth NESDP, the nutri
tion situation of infants and preschool 
children improved dramatically. Severe 
PEM was practically eliminated and 
only small percent of moderate PEM 
remained (Table 2). Concerning nutri
tional assessment, weighing by simple 
beam balance and use of growth charts 
by the village-based health volunteers 
(VHV and VHC, trained under the PHC 
strategy) and mothers were feasible and 

useful for problem identification. 
Simple technology for village level 
processing of supplementary food was 
promoted to overcome the disruptive 
distribution of centrally produced 
supplementary food. Village self-financ
ing schemes were also attempted with 
some success. 

The concept of "having an improved 
quality of life" was introduced to 
replace that of "having good health". 
The Quality of Life concept was trans
lated into actions via the ··basic mini
mum needs .. approach and was imple
mented as a pilot trial in 1983. In the 
Sixth NESD P (1987 - 1991). similar 
strategies continued and the basic 
minimum needs approach was adopted 
nationwide to strengthen the integra
tion of sectoral efforts. By 1989, more 
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than 580,000 village h ealth comm uni
cators (VHC) and 62,000 village health 
volunteers (VHV) were trained , cover ing 
almost 100%) of rural Thai villages. As a 
result, the most recent nutritional 
surveillance report showed that the 
prevalence of severe malnutrition is 
almost nil and moderate malnutrition 
has reduced sharply. 

Lessons learned from country 
experiences 

1. Commun ity-based nutr i tion 
intervention programmes are more 
likely to sustain themselves if commu 
nity resources and manpower are 
mobilised and community partiCipation 
is given adequate attention. Local 
government officers and non-govern
mental personnel can be facilitators or 
supervisors (but not dictators) for th e 
community in its attempt to identifY its 
problems and implement p r ac ti cal 
development solutions. 

2. A firm national p olicy with a 
well-defined goal for nutrition improve
m en t is crUCia lly important. It is n ot 
necessry for it to be a food a n d nutri 
tion policy. Poli c ies which contai n 
nutrition cons ide r ations ( such as 
primary health care and rural poverty 
eradication as in the Thai case) can be 
just as effective. 

3 . There is a need for an effective 
organisational structu re and efficient 
managerial mechanisms for coordinat 
ing and integrating the multisectoral 
efforts of va rious a dministrative levels , 
especially at district and community 
levels . 

4. It is inadequate to only endorse 
programmes at th e policy level. It is 
also inadeq uate to impleme n t 
segmented, dis-articu lated community
based interven ti on programmes . A 
"top-down support and coordination" 
scheme combined with "bottom-up 
planning and implementa ti on " 
communi ty approach im p r oves 

programme implemen ta tion and poten
tial sustainability. 

5. Continued efforts are required 
to m a ke h onest assessments of how 
well programmes (national and local) 
have succeeded. It takes time, maybe 
10-15 years or even longer, for changes 
to be firmly seen in any given indicator 
(e.g., nutrition status, population 
growth ). 

6 The presence of malnutrition 
does indicate errors in a nation's socio
political. cultu ral or policy systems . 
Nutrition intervention programmes 
cannot be implemented as ready-made, 
sure-fire programmes. In addition, each 
strategy (vertical or multisectoral) has 
advantages and disadvantages. 
Combined efforts may be necessary to 
produce desirable impacts. Moreover , 
due to the dynamism of each country 
or locality, n u tri tion interven tions 
s h ould be fleXible to suit potential 
changes. 

7. Nu t rition can no longer be 
perc eived as only a h ealth or social 
welfare concern. A population's optimal 
nutritional status cannot be attained or 
maintained in isolation of other social 
and econ om ic developm ent goals, and 
vice versa . This r eali s a ti on is very 
crucial at a ll levels. · An increase in 
"n u t ri tio n a l li te racy" should thus 
become a n in t egral part of planning 
nutrition as well as social development 
programmes. 

8. Politicial stability, favourable 
economic growth , together with explicit 
p oliCies in food and nutrition 
contribute significantly to a popula
tion's nutriti on sta tus im provement. 
Yet, the Ph ilippines sets a good exam
ple in their continu ed and committed 
effor ts towards nutrition improvement. 
Des pite th e economic setback and 
repeated natural calamities, the nutri 
tional status of vulnerable groups 
remained at reasonable levels, if not 
showing improvement altogether. 
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Crucial e lements of successful 
community nutrition programme s 

Lofti and Mason reviewed direct 
intervention programmes for improving 
infant and child nutrition (8). Their 
analysis showed that while direct inter
v ention exerts benefiCial effects on 
child's nutrition, programme successes 
could be caused by several factors. 
Well-defined programme objectives, 
proper intervention choices. strong 
leadership and efficient management. 
community mobilisation, adequate 
training and supervision were among 
the important features. In their views. 
direct nutrition in terven tions are 
appropriate when food intake is not a 
constraint, the minimum level of organ
isational infrastructure exists, and the 
resources needed are affordable. 

Three broad features required for 
designing nutrition interventions were 
also defined. First. clear and prioritised 
objectives must be specified. Second. 
targeting by areas, age groups, etc. is 
needed to focus resources. Third. nutri 
tion intervention is inevitably a compo
nent of health services since malnutri 
tion and infection are closely related. 

Another effort to identify crucial 
elements for successful nutrition inter
vention programmes derives from expe
r ience of several developing countries 
(6). Six factors were identified and are 
briefly discussed here. First, firm and 
consistent p olitical commitments to 
support concrete nu trition financing 
and action a r e cruc ial. Po li tical 
commitment can b e elicited through 
advocacy by profes sionals or interna
tional agenCies as well as communities 
needing programmes. 

Second. effective community mobil
isation is crucial. It is based on involv
ing community members in all develop
men t s tages - from needs assessment, 
programme planning, implementation 
and monitoring and evaluation. Decen
tralisation of decision-making to the 
lowest possible level and empowering 

the community to deal with their own 
problems can generate high levels of 
community participation. 

Third, human resources develop
ment - m ost notably skills-oriented 
and competence-based comprehensive, 
m ultidiscipl1nary training - was 
recommended. However. a relatively 
large investment is reqUired for basic 
and in-service training. Fourth, appro
priate targeting improves the efficiency 
and cost -effectiveness of nutrition 
intervention programmes. Fifth, a func
tional management information system 
is crucial for programme monitoring 
and decision-making at all levels. 
Sixth , tw o in terrelated elemen ts, 
namely, replicability and sustainability 
were identified. 

To take another step further, 
successful implementation of nutrition 
programmes does not lie in identifYing 
the crucial elements. In practice, intro
ducing the right element(s) at the right 
time, given existing situations and 
opportunities, is even more crucial. 
Using food and nutrition data/informa
tion to create the "right" awareness at 
all levels is critical to gain political 
commitment and suspports. Social 
mobilisation and a nation's favourable 
organisational structure for implemen
tating community"-based programmes 
are essential for sustainable efforts. 

Conclusion 
Nutrition intervention efforts have 

been imp lemented as large-scale 
programmes in several developing 
countries in Asia . The progress made is 
impressive, especially in the short-term 
where malnutrition alleviation has been 
direc ted towards high risk or specific 
target groups. The strategies employed, 
h owever, tended to be stopgap 
measures aimed at improving the 
survival of especially vulnerable groups 
(primarily infants and young children). 

Direct interventions have been the 
cus tomary m ainstream efforts, both 
s ectora l and multi s ectoral. Some 
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programmes demonstrating present 
success have the poten tial to be 
sustainable in the long-run. but only if 
active community participation is 
encouraged in undertaking these inter
ventions. 

Explicit policies in food and nutri
tion. as a self-contained policy or a 
component of broader development 
policies. are needed to strengthen and 
facilitate nutrition improvement efforts. 
Political stability and commitment. 
economic growth and organisational 
structure are favourable factors for 
successful large-scale nu trition 
programmes. 

Final remarks 
Experiences in Asia during the past 

decade have significant progress in 
nutrition improvement. The question of 
sustainability however remains to be 
seen. especia]ly for sectoral 
programmes. Programmes which 
address only single aspects of malnu
trition's complex chain are less likely to 
be sustained. since the causes of 
malnutrition are complex. 

Food security at national, house
hold and individual levels assures the 
availability of foods. To achieve food 
security. food production activities 
not only of staples. but also other 
nutritious food items - must be 
promoted. Greater understanding of 
needs for the right kinds of food often
times determines food intakes. There
fore. nutrition education and dietary 
gUidelines for each population group 
are necessxy elements in the nutrition 
intervention. 

In subsistence communities. local 
food production and food gathering 
from natural sources are important 
means of food acqUisition. Where food 
is commercialised. consumer protection 
both by laws and mass campaigns for 
proper diets and safe foods are impor
tant. In countries or communi ties 
which are transitioning into a market-

based economy. increasing purchasing 
power via income generation activities 
or indirect interven tion must be 
considered. Thus. the roles of agricul
ture. education and other development 
sectors are obvious. 

In addition. closely linked with 
proper nutrition is illness. especially 
infections. This calls for effective 
preven tive and promotive health 
measures along with nu trition 
programmes. Holistic thinking and its 
translation into plans of actions should 
remain the approach used in the 
coming decades. 

To make these integrative efforts 
possible. nutritionists and other related 
personnel must understand the nature 
of nutritional problems and have 
access to information system which 
provides proper and timely information. 
Food and nutrition surveillance will 
allow for monitoring of the situation. 
especially among vulnerable groups. In 
the long-term. nutrition for all age 
groups should be addressed nationally. 
Thus. an effective management infor
mation system along with improve
ments in nutritional literacy should be 
high priorities in national policies and 
plans. Nutritionists can play important 
roles in both planning and research for 
development. Human resources devel
opment is necessaxy at all levels. and 
especially among policy-makers. coun
txy managers. trainers. researchers and 
community-level workers. 

Comparatively. Asian nations 
demonstrate a broad spectrum in 
terms of their nutrition situations. 
There are countries which still struggle 
to insure child survival: some are work
ing towards full potenHal in child 
growth and development : and a few 
countries. namely. Japan and Korea. 
have already reached the stage of high 
potential in child growth and develop
ment. Nutri tion in tervention 
programmes in this region. therefore. 
have a wide range - from child 
survival, to undernutrition. to overnu
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trition. Member countries should iden
tify mechanisms by which experiences 
and knowledge learned from several 
impressive programmes can be 
exchanged and collaborative training 
and research efforts developed. These 
experiences will be beneficial to the 
Asian Region as well as other parts of 
the world. 
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Introduction 
A reliable nutritional assessment 

for public health purposes is a globally 
sought goal by a large number of inves
tigations. The methods used to achieve 
this goal are classified under (a) dietary 
studies, (b) anthropometric measure
men ts and (c) laboratory investigation s. 
In practice, there are many challenges 
involved in using these methods mean
ingfully since studies related to popu1a
tion gr oups are d ifficu l t to design; 
factors s u ch as the ageing p rocess, 
gen e tic diversity and environmental 
infl ue n ces a nd r elat ed sta tist ical 
considerations are n ot always easy to 
comp"reh end. Fu rthermore, the need for 
applying several methodologies , proba
ble inappropriate use of such proce
dures, and a lack of reliable reference 
data in s ome cases signal additional 
problems to be anticipated. To over
come these difficulties, it is n ecessary 
to adopt interdisciplina ry approaches. 
Failure to do so can under worst 
c ircums tances, totally nullify th e 
results. Thus. the achievements h ere 
are a lso a measure of success of the 
m ultidisciplinary approach to the prob
lem. In this communication. the intri
cacies in pla nning dIetary assess 
ment studies, and emerging trends 
related to analytical strategIes, develop
ment of multipurpose reference materi
als and nutrition labelling. are exempli
fied. 

Intricacies in dietary assessment 
studies 

Dietary assessment studies basi
cally fall in to 3 modes: direct analysis 
of diets, computation from records 
(from dietary) components used in 
conjunction with food composition 
tables) and biological monitors (for 
selected constituents). 

Direct analysis refers to chemical 
assays performed on duplicate portions 
of meals. simulated meals prepared in 
a laboratory. total diets conSisting of a 
m arket basket of foods reflecting a 
defined total d iet of consumers. and 
investiga tions of individual foodstuffs. 
A limitation of this approach Is that 
sample sizes involved in these investi
gations are usually s mall. Also, there 
a re probable sources of errQrs arising 
from sampling (reflecting true intakes. 
weighing. h omogeneity and contamina
tion during collection. preparation ). The 
most affected constituent s are trace 
elements (during sampling and sample 
handling) and organiC nutrients (due to 
processing and storage conditions 
which may alter the content of vitamin 
A. vita min C a nd folic a cid, among 
others), The problem with trace 
elements demands stric t control of 
working procedures and equipments to 
minimize extraneous contamination. 
The organiC n utrien t s r equire either 
some pretreatmen t s or ind iVidual 
attention in assaying constituents that 
are sensitive to processing. 

102 



Nutritional assessments from food 
composition tables are applicable to 
large scale studies, e.g. food consump
tion at t he national leve l by food 
balance sheets. The modes applicable 
to individual consumption are, the 24
h our recall method, repeated recalls 
over several days, and the estimation 
from food records. However, the scien
tific merit of the information depends 
upon the reliability of the da tab ase. 
Importantly, it should be recognised 
that the recorded compositions are a t 
best average concentrations for a 
particular type of food . Besides, incor
rect description or the coding errors of 
food items and nu trients, and whether 
the results represen t cooked foods or 
not, may introd uce random errors. 
Systema tic errors should also be antici
pated for trace elements (e.g. a positive 
bias due to contamination of elements 
s uch as Cr, and a negative bias due to 
volatilisation of Hg a n d B. among 
others) and for organiC nutrients (e.g. 
both positive and negative errors due to 
loss of vitamins and methodological 
problems with microbiological assays). 

Biological monitors such as urine 
are valid only for selected constitu ents 
such as sodium and a m ong trace 
elements m a inly for B. F, Br and I. 
which a re predominan tly excreted 
th rough this m edium . Hair has some 
applications which a re restricted to 
monitoring toxic entities s uch a s As 
and methyl mercury. 

Irrespective of whether the direct or 
the indirec t a na lysis approach is 
chosen. it should be recognised that 
these evaluations represent the maxi
mum amounts of nutrients available to 
the body. and that th e bioavailability 
factor is not taken into consideration. 
Therefore. the nutritional assessment 
process is incomplete since the influ
ence of parameters such as phytate . 
fibre and Ca is unaccounted. Similarly. 
age factors and nutrient sou rces may 
interfere with the nutritional assess
ment status for some organic nutri 

ents. For example. adequate intake of 
beta-carotene through foods may not 
necessarily signal adequacy of vitamin 
A status since absorption of beta
carotene varies in different kinds of 
foods, and its conversion to vitmain 
A decreases with age. As for the superi
ority of one method over the other, both 
methods have some merits. While the 
direct method is frequently used where 
trace elements are involved. the indi
rect method is a valuable approach 
especially for large scale studies when 
t h e foo d composition tables are 
upgraded with reliable data on trace 
elements. 

Analytical s trategies for l arge scale 
studies 

When several countries or several 
laboratories in the same country are 
involved in a study, it is not uncommon 
to find the results for a given element 
being generated by several methods. 
This approach should not pose any 
problems prOvided that the analytical 
performance of each method for the 
analyte of interest is established by 
analysis of suitable reference materials 
(RM) (1 ). For example, this has been 
effectively demonstrated in a study of 
Cd and Pb in human whole. blood (2) . 
However, only a limited number of 
stu dies has been successful using this 
approach since it requires well coordi
nated efforts to incorp orate all the 
precautions into the study design and 
effectively monitor the analytical perfor
mance of participating laboratories. 
This fact is fu rther substantiated by 
the discrepancies reported for inter
comparison runs of RMs (1 ). An alter
nate a pproach to th is prob lem has 
been attempted in recent s tudies inves
tiga ting the composition of breast milk 
(3) and in an on-going dietary investi
ga tion (4). In th is app r oach. each 
element was determined by only one 
reference laboratory using the most 
suitable technique (evaluation based on 
suitability and performance) to elimi
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nate interlaboratory differences. The 
quality of the data reported by that 
laboratory was checked by means of 
suitable reference materials, by blind 
analysis of RMs, and also by occasion
ally checking split-samples by a second 
method. This approach has worked effi
ciently requiring minimum centralised 
supervision of analytical performance. 

Multipurpose biological reference 
materials 

Ensuring adequate quality control 
(gC) of analytical measurements 
including both inorganic and organiC 
constituents (and speciated analytes 
e.g. methyl mercury and arsenobetaine) 
in dietary investigations demands 
several considerations. Recently devel
oped analytical standard r eference 
materials (SRM) such as non-fat milk 
powder (NIST-SRM-1549), cow milk 
powder (IAEA-CRM-A-l1), wheat flour 
(NIST-SRM-1567a), rice flour (NIST
SRM-1568a), bovine serum (NIST -RM
8419), and mixed diet (IAEA-CRM-H9) 
have gone a long way in meeting the 
needs of inorganic analysis. Similarly, 
on the organiC side, the coconut oil 
standard (NIST-SRM-1563) is certified 
for fat soluble vitamins and choles
terol. Further, for specific constituents 
such as cholesterol, a range of materi 
als such as NIST-SRM-911b (pure 
cholesterol) and NIST-SRM-1845 (whole 
egg powder for high cholesterol content 
standard), are available. Similarly, the 
European Community Bureau of Refer
ence (BCR, Belgium) has produced 
single cell proteins, soya-maize oil and 
animal fat preparations for fatty acid 
profile. The need for both kinds of stan
dards has been recognized by the 
analytical and nutritional communities, 
and search is underway to identify 
representative matrices as multipur
pose standard reference materials 
(SRM) for both organiC and inorganic 
constitutents. As a potential solution to 
this problem, the suitablility of a total 
mixed human diet as a common 

analytical reference matrix for both 
organic and inorganic constituents has 
been explored. Thus, the total diet 
standard NIS'I'-SRM-1548 certified for 
total fat, Kjeldhal N for protein, dietary 
fibre, cholesterol, caloric content and 
minerals (5). 

Multipurpose SRMs are difficult to 
develop, yet they play a pivotal role in 
proper use of RMs. Their impact may 
be envisaged in a 4-stage process: 1. 
Preparation of a few carefully chosen 
matrices that are representative of 
natural concentration levels of nutri 
ent: toxicant and environmental-indica
tor elements on the inorganic side, and 
proximates, vitamins, pesticides and 
other harmful compounds on the 
organiC side, and certified for as many 
constitutents as possible. Such a mate
rial would satisfy the gc reqUirements 
for measurements at natural concen
tration levels. 2. Identification and 
preparation of special materials that 
are naturally enriched in specific 
constituents, for example, oyster for 
Zn, fish for methyl mercury, kidney for 
Cd, egg powder for cholesterol and 
specific organiC matrices for biphenyls 
etc, for meeting special needs. 3. Prepa
ration of deliberately spiked materials 
for occupational health problems (e.g. 
blood and urine spiked with, As and Pb) 
and for monitoring foods fortified with 
specific nutrients (e.g. infant formula). 
4. Use of spiked standard matrices for 
testing the performance of less sophis
ticated analytical techniques to explore 
their suitability for monitoring fortified 
foods as required by some nutrition 
labelling programs discussed below. 

Nutrition labelling, implementation 
and requirements 

There is a growing public desire to 
understand the nutrient profiles of 
foods consumed. As a result, several 
countries are now enacting laws to 
make nutrition labelling obligatory. In 
principle, nutrition labelling is an 
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extension of the strict labelling require
ments mandatory for weaning foods. 
Similarly. general gUidelines are emerg
ing in support of analytical require
ments for a broadly based labelling 
process (6). Foods with (fortified) and 
without (natural) fortification are 
subject to different labelling criteria. 
Constituents such as calories (and 
fraction attributable to the total fat 
content). total fat (and saturated fatty 
acids and cholesteroll. carbohydrates. 
protein. total dietary fiber. selected 
vitamins (e.g. A. C and D) and minerals 
(e.g. Na. Ca and Fe) are required to be 
labelled. Additional nutrients may be 
added to the label depending upon the 
product clatm. Crucial for implement
ing nutrition labelling is an under
standing of the methodologicalimpl1ca
tions used to assay the label contents 
and the avatlability of suitable RMs to 
validate the measurements. As 
discussed in the previous section. 
several food RMs certified for 
constituents of interest for nutrition 
labelling are already aVailable. While a 
number of these are certified matnly for 
inorganic analytes. NIST-SRM-1548 
Total Diet is relevant to nutritional 
labelling requirements. 
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Introduction 	 couple of decades, public h ealth 
authorities in many different parts ofOne of the basic requirements for 
the world have started to take an internutrition research concerned with trace 
est in defining desirable levels of nutri nutrients is the knowledge of the expo
ent intakes for their populations (4).sure levels. From a public health point 
Some of these efforts have also beenof view, it is important to assure the 
duplica ted at the international level bygeneral population that the intake of all 
bodies such as the World Healthnutrients, including the micronutri 
Organisation (WHO) and the Food andents, is adequate in the average, 
Agricultural Organisation (FAO) (5. 6). normal daily diet. At the same time, the 

ideal diet should not contain more than 
the permitted levels of toxic compo Methods for the assessment of t race 
nents. Information concerning t he nutrient intakes 
dietary intake of essential trace nutri 

Information on daily dietary intakeents including the trace elements from 
of trace nutrients by individuals orprepared meals is very limited at this 
groups can be obtained by: time. The concentration of some of 

these trace nutrients in the human (a) Direct methods 
body is very low and it is generally (b) Indirect methods 
believed that a pure nutritional defi 

(c) Estim ation fr om b i ol ogicalciency of these nutrients rarely occurs 
markersin man. On the other han d , the 

adequacy of a modem all-round diet as 
regards trace nutrients is presently Direct methods
being debated. Marginal defiCiency of 
several trace nutrients. including trace Only the direct analysis of actu al 
elemen ts and vitamins have b een food consumed du ring 24 h ours can 
shown to exist in parts of the popula  provide an accurate estimate of the 
tions of both industrialised and devel dieta ry intake of trace n u trients. The 
oping countries (1-3). methods that are currently used for the 

a ssessment of daily trace nutrient
Since there are no suitable tech intakes are:

niques for the diagnosis of marginal 
defiCiencies of trace nutrien ts. it is (1) The precise weighing of actual food 
crucial to know the true intake levels consumed during 24 hours 
from prepared meals in order to deal (2) The duplicate portion sam p le 
with such deficiencies. During the last collection technique 
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(3) 	 Market basket or total diet studies 

The precise weighing technique 

Theoretically, the most accurate 
technique for the assessment of daily 
dietary intake of trace nutrients is by 
the weighing and the subsequent anal
ysis of the replicate portions. Th e 
investigator can either analyse each 
meal (e.g. breakfast, lunch, snacks etc.) 
or analyse the whole sample collected 
during the 24 hours. The weighing 
technique works best when it is possi
ble to weigh each component as it is 
put on the plate and, when possible, to 
weigh and deduct leftovers at the end 
of all meals consumed during the test 
period. Although very accurate, this 
technique is time-consuming and is a 
difficult Job for the individual partici 
pant. The presence of the investigator 
may also influence the normal dietary 
pattern. 

Duplica te diets/duplicate portion tech
nique 

The duplicate diet is a copy (based 
on visual judgement) collected while 
eating to represent the foods and fluids 
normally consumed during a 24-hour 
period. This method relies on sound 
background work from nutritionists in 
the fie ld to ensure the dietary collec
tions are accurately performed. 

Although slightly inferior to the 
actual weighing technique, the dupli
cate portion sampling technique is 
probably the most satisfactory and 
practical procedure f<;>r estimating the 
daily dietary intake of trace nutrients 
in small wen-defined population. The 
validity of this technique can be inves
tigate d independently by checking 
urine nitrogen, sodium and potassium 
with and without simultaneous analy
sis of duplicate portions for the same 
analytes (7~ lO). When the study popu
lation is well-defined and properly 
s u pervised, underestimation can be 

reduced to as little as 5-10°A> (11). 
Underestimation becomes more signifi
cant when the collection period exceed 
24 hours. 

Market basket/ total diet studies 

The principle behind this technique 
is that a typical diet for a particular 
country, area or group is constructed 
and the foods are purchased and 
prepared for consumption prior to 
analysis. The construction of the diet is 
often based on household purchase or 
disappearance data for the population. 
This method does not assess the vari 
ability of intake of individuals or expose 
intake extremes. 

Indirect methods 

Indirect methods are based on 
computation from standard food tables. 
For the study of all major nutrients 
including trace nutrients in large popu
lation groups, computation from stan
dard food tables remains the method of 
choice. Most methods rely on tables 
containing values for cooked foods, 
which may themselves be calculated 
from the analysed raw food table. The 
follOwing is a list of the most commonly 
used methods for obtaining data on 
food consumption: 

(1) 	Food balance sheets; per capita 
consumption 

(2) 	 Household food surveys 

(3) 	 24-hour and 7-day recalls 

(4) Diet 	histories and frequency ques
tionnaires 

(5) 	 Unweighed records: dietary dairies 

(6) 	 Weighed intake studies 

Generally speaking, all methods 
mentioned above have limitations. The 
concentra tion of many trace nutrients 
in food are low and the data for some of 
them may not be available in food 
tables. This is specially the case in the 
food tables of many developing coun
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tries. Values described as 'unavailable' 
are often accepted as negligible leading 
to a negative bias. Systematic errors 
also arise as food tables are only appro
priate for the country in which they are 
compiled but are sometimes used in 
other countries. Inconsistencies 
between different food tables appear 
due to differences in sampling proce
dures, analytical methodology or 
factors employed to convert analysed 
values to nutrients. Comparison of 
results of dietary surveys using differ
ent food tables are therefore open to 
bias. Data from food balance sheets, 
and household surveys are only useful 
as a guide to average population 
intakes. Unweighed dietary studies 
conducted on large sample numbers 
may have some value, and weighed 
studies are of value in determining 
intakes of individuals and small popu
lation groups. 

Estimation oj intakes Jrom biological 
markers 

The most commonly used biological 
materials for the estimation of trace 
nutrient intake levels are urine, faeces, 

TABLE 1 

whole blood/plasma/serum, hair, nails 
and sometimes specific cell lines such 
as neutrophils. For certain trace nutri
ents such as iodine and selenium, 
urinary excretion reflects intake levels 
when corrections are made for the 
losses through skin, lungs and faeces. 
The main excretory route for many 
trace nutrients is via faeces and it is 
possible to calculate intake levels by 
faecal excretion. Due to obvious practi
cal problems in monitoring faecal 
excretion, intakes are seldom calcu
lated from the excretion in faeces. 
Whole blood/plasma/serum levels of 
trace nutrients are poor indicators of 
current intake levels due to their fluc
tuations independent of intake levels. 
At the present time, there is no univer
sal agreement about the use of hair, 
nail and cell lines as predictor of body 
status including the intake levels of 
trace nutrients. Hair analysis in combi
na tion with blood analysis can be 
useful in some cases, especially with 
regards to certain toxic metals such as 
mercury and arsenic. 

Table 1 shows the source of errors 
in the commonly used techniques for 
estimating trace nutrient intakes. 

Sources of error in the commonly used dietary sampling techniques 

Sources of error Techniques 

Direct Methods 

Addition and 
omission of foods 

Amount and 
frequency of foods 

Day to day 
variation and 
changes in dietary 
pattern 

Sampling and 
analytical errors 

Food composition 
table errors 

no 

no 

yes 

yes 

no 

Indirect Methods 

yes 

yes 

Biological 
Markers 

no 

no 

no no 

no no 

yes no 
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Conclusion 
It can be stated that most methods 

have limitations in their capabilities for 
estimating trace nutrient Intakes. In 
order to make valid intake estimates. 
one should use a combination of meth
ods. As long as one is aware of the limi
tations of each method. it is still possi
ble to make use of the current litera
ture concerning dietary intakes for 
comparison and recommendation 
purposes. 
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Introduction 
Interest in the bioavailability of 

trace elements from human diets has 
recently gathered momentum follOwing 
accumulating evidence that differences 
in nutrient absorption and utilisation 
impact materially on the precision of 
estimates of the Recommended Dietary 
Intakes (RDIs) for several micro
elements. Over the last decade scien
tists from widely differing research 
disciplines have examined the question 
from a variety of viewpoints. Physico
chemists, for example, have studied 
factors in food which affect the avail
ability of trace elements for absorption 
from the gut lumen, due to their influ
ence on the solubility of elements In 
the intestinal milieu or because they 
lead to trace element chelation or 
competition between Ions for binding 
by mucosal uptake mechanisms. 

Physiologists in tum have focussed 
their interest on metabolic factors 
which may affect the uptake of trace 
elements from the gastro-intestinal 
tract, for example, age, th e prevailing 
micro-element status or the saturation 
kinetics of carrier uptake mechanisms, 
as well as those physiological condi
tions and nu tri tional interactions 
which might influence the bioutilisa
tion of trace elements already absorbed 
and present in the cellular environ
ment. 

Bioavailabillty 
Physiological factors which affect 
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bioutilisation, and which may signUl
cantly influence the overall bioavailabil
ity of some nutrients, are often over
looked because of a tendency for inves
tigators to focus primarily on those 
physico-chemical influences in the gut 
digesta which specifically affect nutri
ent absorption. However, by definition, 
bioavailability refers to the proportion 
of a nutrient in food which is absorbed 
and ultimately utilised within the 
tissues, which places emphasis equally 
on both physiological and physico
chemical factors (1). For several trace 
elements the utilisation component of 
bioavailability can be of considerable 
importance, for example, selenium 
ingested as inorganic selenate/selenide 
is treated differently from seleno
methionine and has to be reduced 
before it can be incorporated into the 
seleno-cysteine of seleno-proteins (2). 
The effective utilisation of iron for 
haemoglobin synthesis depends criti
cally on an adequate level of copper
containing ceruloplasmin (3), while the 
level of the thyroid hormone trio
iodothyronine is strongly influenced by 
the activity of a selenium-dependent 
T4-deiodinase enzyme (4). 

Generally, however, and in a 
purely dietary setting, most attention 
has logically centred on the many 
physico-chemical factors which affect 
trace element absorption, and thereby 
influence the bioavailabllity and 
subsequent estimates of RDI. To the 
nutritionist, these are issues which can 
be addressed and to some extent evalu



ated by ·examination of the diets in 
question in relation to their trace 
elem ent speCiation and association 
with organic macromolecules. 

Physico-chemical factors affecting 
bloavailability 

Solubility 

Absorption of trace elements from 
the gut hinges centrally on aqueous 
transport mechanisms, with the result 
that water solubility represents a key 
factor underlying the efficiency of th e 
overall process. Accordingly, chemical 
forms of trace elements which tend to 
b e insoluble under conditions prevail
ing in the gastro-intestinal tract (eg. 
some oxides, silicates, sulphides, phos
ph ates) are, for all practical purposes 
unavailable, while compounds exhibit
ing increased water solubility (eg. chlo
rides, sulph ates) are almost always 
accompanied by enhanced in testinal 
uptake. 

Chelatmg agents 

Factors in food which decrease the 
solubility of an element by chelation 
(eg. phytate, tannins) reduce bioavail
ability and increase the RDI estimate. 
Food components wh ich compete with 
antagon is tic chela t ors a n d m aintain 
water solubillty (eg. zinc-amino acid 
chelates versus zlnc-phytate) improve 
bioavailability and reduce the esti
mated RDI. 

Competit ion for uptake mecha
nisms 

Absorption of trace elements from 
the intestinal lumen generally involves 
both p a ssive an d carrier mediated 
mechanisms, wh ich mayor may not be 
energy-lin k ed. Antagonism b etween 
elemental ions for transport carrier 
molecules can mark edly reduce 
bioavailability, wh ich high lights the 

need to ensure an optimal trace 
element balance in the diet between 
potentially competing ions. Competition 
between ions can be broadly predicted 
from their electronic configuration 
when chelated, and from their calcu
lated co-ordination number. On this 
basis, competition would be expected 

between Zn++, Cu+ and Cd++, all of 
which exhibit a co-ordination number 
of 4 and a sp3 tetrahedral chelate 

configuration. By contrast, Ca++ (co
ordination number 6, chelate configu
ra tion d2 sp3 would not be expected to 
compete (5). Further modification of the 
competitive interaction between ions 
occurs in relation to the affinity 
constant exhibited by the carrier recep
tor protein for a particular cation, 
which can vary substantially (6). 

Bloavallability and recommended 
dietary intakes 

To the nutritional scientist 
concerned with the precise estimation 
of trace element RDIs, issues relating 
to differences in bioavailability 
between diets pose a vexing problem. 
Of the 5 or 6 trace elements for which 
RDls have been set, iron and zinc best 
reflect the problem and the way In 
which workers in the area are currently 
attempting to resolve the question 
within a practical framework. 

Iron 

Several factors affect iron absorp
tion favourably, while others depress it. 
In the former category, iron incorpo
rated into the heme molecule must 
rank as the principal determinant for 
good iron absorption. The mechanism 
for heme iron absorption is qUite sepa
rate from that of inorganic iron, and 
involves the uptake of heme by gut 
mucosal cells and the release of iron 
intracellularly by enzyme action (3, 7). 
Animal protein also enhances iron 
uptake independent of the heme-iron 
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effect. but whether this Is due to the 
provision of amino acids which form 
well absorbed. water soluble Iron
amino acid chelates Is debateable (3). 
In addition. reducing agents In the diet 
such as ascorbic acid act to enhance 
Iron absorption by maintaining free 
Iron as the ferrous Iron. In which form 
it is most readily transported Into the 
gut epithelium (3). By contrast. Iron 
chelated by plant polyphenols (eg. 
tannins) or by phytate is rendered very 
much less soluble and Is considerably 
less bloavailable (3.8.9). 

Because of the many factors influ
encing Iron bloavailabillty no single 
RDI for Iron Is appropriate. and current 
practice Instead presents several esti 
mates for each age/gender category. 
ranging from a low bloavailabillty (5
lOOk) and correspondingly higher RDI 
for people consuming a predominantly 
vegetarian diet. to a lower RDI for 
communities Ingesting mixed diets with 
relatively high intakes of heme iron and 
animal protein. for whom the bloavatl
ability Is adjudged to be In the region of 
200k (3. 10. 11). 

Zinc 

Similar. but different. problems 
eXist In relation to zinc absorption as 
occur with iron. Thus. vegetarian diets. 
which tend to be low In zinc content. 
are further compromised by poor avail
ability of the element due to chelation 
with phytate. fibre. and to a lesser 
extent some of the poorly digestible 
forms of plant protein (12). Dietary 
enhancers of zinc absorption are less 
effective than those associated with 
Iron nutriture and tend to Involve 
mainly chelation with certain 
favourable amino acids or small carrier 
molecules Ilke citrate (12. 13). Never
theless. the overall effect on setting a 
zinc RDI is the same as that for iron. 
with the result that while some 
committees setting national RDIs have 
stressed the restricted availability of 

zinc from vegetarian diets (10. 14). the 
WHO Expert Committee on Trace 
Elements tn Human Nutrition (15) and 
the WHO /FAO /IAEA Expert Consulta
tion on Trace Element Requirements In 
Humans (16) present several levels of 
recommended zinc Intakes depending 
on the bioavatlabllity of zinc In the diet. 
which ranges from an estimated 100/0 

for vegetarian-type diets to 400k from a 
mixed western diet. 

Conclusions 
The nutritional bloavailabillty of 

dietary trace elements can be signifi
cantly affected by their chemical specl
atlon and their association with organic 
macromolecules. An understanding of 
these effects Is essential If meaningful 
estimates are to be made of RDIs for 
population groups with substantially 
different dietary profiles. 
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Introduction 
Several important areas of 

human nutrition in developing coun
tries need to be addressed on a priority 
basis. Th ese include questions related 
to energy and protein requirements of 
normal populations in these regions as 
well as the vulnerable groups within 
them , chiefly women and children. 
Questions relate d t o increase in 
reqUirements with frequent infections 
a nd for catch-up growth during recov
ery from infection n eed to be answered. 
Q u anti ficatio n of losses that occur 
during· periods of infection, in particu
lar gastrointestinal losses, are also 
essential. Much of the lacunae in our 
u nderstanding of th ese prob lems 
specific to poor countries of the Th ird 
World need to be tackled on an u rgent 
basis by initiating studies using newly 
emerging tools such as stable isotopes. 

Isotopes of an element have nearly 
identical chemical behaviour but differ
ent phys ical properties. Isotopes a re 
either stable or ra dioactive. Radioactive 
isotopes diSintegrate spontaneously at 
specific rates and emit radia tion in the 
process. They are hence poten tially 
h a rmful to livin g organisms but are 
easy to detect and use. Stable isotopes 
are safe beca use they emit no external 
measu ra ble radiation and are hence 
considered as silen t tracers. The 
absence of risks of radiation make 
stable isotopes sa fe for pregnant a n d 

lactating women as well as for studies 
on newborns, infants and children. But 
stable isotopiC tracers are more compli
cated to estimate and their presence in 
excess of natural levels is detected only 
by changes in the ratio of minor isotope 
to major isotope . 

Both stable and radIoactive 
isotopes h ave been used in human 
metabolic and nutrition research. The 
use of stable isotopes in biological and 
h uman research is not a new 
phenomenon a n d has occurred in 
parallel with the development of sensi
tive instrumen ts to de tect thenl in 
biological flu ids and tissues. Ashton 
invented the mass spectrograph which 
was s uperceded by Mass Spectrometers 
to estimate quantitatively the relative 
abundances of the isotopes. The Mass 
s pectrometry systems of the present 
day are sophisticated, user friendly 
systems which are b ecoming increas
ingly popular being less expensive and 
hence enhanc1ng the cost-benefit ratio 
of the use of s table isotopiC tracers in 
huma n m e tabolic a n d nutritional 
r esearch. The great appeal of stable 
isotopic tracers however is that they 
can be a dministered to h uman subjects 
orally and the metabolic products into 
which they enter can be sampled in 
breath, s aliva, milk, urine or faeces. 
Thus stable isotopic tracers are silent, 
safe and use n on-invasive sampling 
p r ocedures th ereby simplifying the 
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conduct of fiel9- studies in developing 
countries. Four major stable isotopes 
have been extensively used in n utrition 
research and t hey a re Deu t e r ium . 
1BOxygen.15Nitrogen and 13Carbon. 

Doubly-labelled water technique 

The recent. explosive interest in the 
use of s table isotopic tracers for nutri
tional research ca n largely be 
attributed to two parallel developments. 
The first was the recommenda tion of 
the FAO/WHO/UNU Expert Consulta
tion (1) to rely on measures of energy 
expenditure rather than dietaty intakes 
to arrive a t energy reqUirements of 
populations worldwide . The second. 
has been the contrib ution of doubly
labelled water (DLW) t echnique t o 
measure energy expenditure in free 
living animals u sing a combination of 
stable isotopes of d euterium and 
1BOxygen (2) . When DLW is adminis 
tered to a subJ ect both is otopes mix 
with the body water and are elimina ted 
in the body fluids over a period of days. 
Since 1BOxygen is also incorporated 
into exhaled CO2 , the turnover of the 
two isotopes a re d iffe rent and this 
difference provides an estimate of CO2 
p roduction rate which can be used to 
calcula te the total energy expenditure. 
DLW provides cu mmula tive measures 
of total energy expenditure over a 
period of weeks in free living individu
als but does not provide data on the 
various components of 24 hour energy 
expenditure. There are several limita
tions In the use DLW which include (a) 
problems r elated to u s e of Food 
Quotients ins tead of Respiratory 
Quotients in the conversion of CO2 
production rates to energy expenditure. 
(b) problems associated with seques
tration of the isotope during de novo 
synthesis of body tissue and (c) correc
tions that need to be made to provide 
for reliable es timates of fractionation of 
t h e is otope during transpiration or 
transcutaneous water losses in sweat
ing. All of these m ay be important 

issues when the technique is used in 
developing countries to assess energy 
expenditure of free living subjects in 
tropical environments and in the pres
ence of high levels physical activity. 
The ob vious a d vant a ges of DLW 
m ethod is the safe application of this 
technique to estimate energy reqUire
ments of pregnant and lactating moth
ers as well as young infants and chil
dren. In addition. the method prOvides 
for a measure of the body composition 
of the individu a l and in breast fed 
infa n t s also p rovides estimates of 
breast milk produc tion rates . In 
summary. t he DLW method is an 
elegant. but safe method for measuring 
total energy expenditure of a wide vari
ety of free living individuals in develop
ing countries and has a number of 
advantages wh ich h ave to be balanced 
against the numerous disadvantages . 
high on the lis t being the enormous 
costs of the Isotopes and analytical 
systems. However. DLW can be used to 
obtain reliable estimates of total energy 
expenditure and b ody composition in 
limited n umb ers of a dult men and 
women and can then be used to vali
date a wide range of simpler. cheaper 
techniques which may h ave a wider 
application in developing cou ntries. 

Other stable Isotope studies 
The stable is otopic tracer first used 

in biological or nutritional studies is 
15Nlt rogen. Sch onheimer. wh o is 
considered the father of stable isotopic 
techniques in biology initiated the use 
of 15N as early as 193,' . Waterl ow 
extensively used 15N labelled a mino 
acids such as glycine to look a t protein 
synthesis and breakdown and estimate 
protein turnover rates in well nour
Ished and malnourished subjects (3). 
15N labels are being replaced by 
13Carbon labels eve n for prot ein 
turnover studies with 13C leucine as a 
favourite tracer. 13C compounds are 
becoming increasingly popula r for 
isotopiC tracer studies because they are 
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cheaper and far more versatile. 13C 
labelled cereal (rice) has been used to 
study intestinal absorption and to esti 
mate intestinal losses in malnou rished 
children with diarrh oea. 13C labelled 
triollen has been used to demonstrate 
that variations in the dietary intake of 
fat will result in the mammary gland 
defending milk production and fat 
secretion when faced with restricted 
supply of fat in the diet both by 
converting more carbohydrate to milk 
fat and by reducing the oxidation of 
dietary fat. 13C compounds have also 
been used to study cholesterol 
metabolism in human subjects. 

The most elegant exp e rimen ts 
using stable isotopic tracers which are 
of considerable relevance to developing 
countries are those which have been 
used to prove the -essentiality' of amino 
acids in the diet. These exiting results 
from the CNRC Houston indicate that 
short term feeding of proteins 
unifonnly labelled with 13C followed by 
the analysis of a rapidly turning over 
plasma protein can be used as an in 
vivo probe of -conditional essential' for 
individual amino acids during periods 
of development and growth or in rela
tion to changes in levels of dietary 
energy in take. 

S table isotopes are thus emerging 
as safe, silent tracers which are ideal 
tools for nutritional research in 
h umans. The nature of the prob lems 

that these newly emerging tools can be 
used to extensively investigate are 
those of particular interest to develop
ing countries . The use of these stable 
isotopic tracers is likely to throw light 
on nutritional problems of poorer coun
tries if systematic efforts are made to 
design studies using these tracers to 
address issues which are a priority in 
third world countries. 
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Introduction 
Those who make decisions about 

plans and programmes to promote 
change in t he n utrition s ituation 
requ ire accurate, reliable and timely 
information. Whilst it may often not be 
id eal. there is usually at least some 
information from surveys and routinely 
collected data about what the disease 
p roblems are, how many peopie are 
affected and where . However, informa
tion a b out why the problem exists, 
particularly w hen the focus is on 
behaviour , is u sually not aVailable from 
these sources . This latter type of infor
mation is u s ually qualitative in 
nature and provides descriptions and 
ideas about why people do and do n ot 
behave in certain ways. It has implica
tions for the design of n ew programmes 
and the modification of those already 
underway. 

Nutrition has much to ga in from 
the u se of qualitative methods. 
However. the traditional basis of nutri
tion in biomedical science means that 
nutritionists are much more likely to 
have training in quantitative methods, 
particu larly those found in epidemiol
ogy. At the same time they are unlikely 
t o have tra ining in q u a li tative 
approaches to gathering information. 
In addition. those with a biomedical 
science orientation, b ecause of their 
n a rrow quanti tative methods bia s, 
often have concerns about the rtgour of 
qualitative methods and the represen 
tativeness of the information obtained 
through their use. 

In this paper the qualitative meth
ods most appropriate for u se in nutrt
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ti on are b r iefly described and the 
concerns most frequently raised about 
their use are discussed. 

Qualitative methods of gathering 
information 

The baSic activities involved in 
obtaining qualitative information are to 
observe what people do, talk to them 
and listen to what they say, and record 
and analyse the information obtained. 
Social scientists use these activities in 
three basic methods - observation, in
depth interviews of indiViduals , and 
focus group discussion (1 ,2 ,3). 

Observation means just that, and 
begins the moment the observer enters 
any situation . Initially the observations 
will be very general. They will include 
in formation about the physical setting. 
who is there (including age and gender 
of those present), what they are doing, 
differences between people, and so on. 
What a particular observer sees will be 
influenced by the ir background on 
experience. Thus , it is important to 
develop a general model or list of ques
tions that serve as a gUide for observa
tions, to record the observations made, 
organise the informa tion, interpret it 
and then, u s ing the next method to be 
descr ibed, to discuss the observations 
and their meaning with others. 

Interviews with individuals are the 
central activity of qualitative methods. 
The general approach is highly deriva
tive of that used by anthropologists and 
other social scientists with an interest 
in qualitative information. The content 
of in terviews depends on the objectives 



of the study and what information is 
a lready available. The interviews are 
carried ou t in considerable depth and 
th e r esponses are open-ended. The 
interview may be completely unstruc
tured or carried out using an interview 
guide d erived from the conceptual 
framework (see below) for the investiga 
tion. The informa tion is recorded and 
la ter analysed and Interpreted. 

Focus groups are discussions in a 
smaIl group on a specific topic gUided 
by a moderator. The role of the modera
tor is to guide the group discussions to 
increase focus and depth on a specific 
topic. Focus groups are mos t appropri
ate where the amount of material to be 
d is cussed is relatively limited and 
specific ; group interaction is likely to 
stimulate a greater range of responses; 
cost and time mean that individua l 
In terviews are not possIble, and the 
subject matter to be discussed is not so 
sensitive t hat respondents will be 
inhibited in their discussion. Focus 
group interviews are carried out using 
a topic or interview guide derived from 
the conceptual framework. Again. the 
information is recorded and later anal
ysed and interpreted. 

Conceptual frameworks 
Conceptual frameworks are devel

oped to summarise existing information 
about the phenomena of interest. The 
amount of detail in the initial frame
work will depend on the amount of 
information available initially. Where 
little information is available it may be 
very limited. In other cases where 
considerable information is available 
from other sources the initial frame
work may be quite elaborate. The most 
important role of the framework is as a 
s ource of hypotheses about the 
phen omena a n d it thus serves as a 
gUide for the content of the observa
tions and interviews. As new informa
tion Is gathered it is analysed and eval
uated againnt the framework. This eval

uation may sugges t tha t new informa
tion is needed and/ or that the frame
work should be modified. This will also 
s uggest new hypothes es a n d wh at 
a dditional in forma tion is needed in 
another round of interviews and obser
vations. Thus. the process of develop
ing a framework. obtaInIng informa
tion. modifying the framework and 
obtaining new information is a continu
ous and iterative one. The iterative 
nature of t h is p rocess is a critical 
aspect of qualitative investigations. 

Issues in the use o f qualitative 
methods 

The primary issues which concern 
the broader nutrition community about 
qualitative m ethods are th e apparent 
lack of rigour and the representa tive
ness of the information obtained. 

Lack ofrigour 

Reservations about the lack of 
rtgour vary with the disciplinary back
ground. Most scientists a re trained 
with in the narrow methodological 
confines of a single discipline. Th ose 
from biomedicine and other quantita
tive fields have considerable reserva
tions about qualitative m ethods 
because the approach is so diffferent. 
At the same time, social scientists also 
have reservations about the use of 
qualitative methods by groups such as 
nutritionists because, almost by defini
tion. use of t hese m e th ods by t h e 
uninitiated result s in unr eliable and 
invalid information. 

The issue here is not that particu
lar methods should be used naively. It 
is that allinvestlgators have a respon 
sibility to ensure that the information 
obtained in any investigation is of a 
quality suitable for the purpose for 
which it is intended. A vital approach 
to ensuring quality of data in qualita
tive methods is triangulation and this 
is discussed further below. 
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Representativeness of information 
Because the gathering and analysis 

of qualitative infonnation, particularly 
by interview, is very labour intensive 
and time consuming it is usually not 
possible to use large samples of the 
popUlation. Investigators a re also 
dependent on the compliance of the 
particular people selected for interview. 
In this situation it is most important to 
be aware of, and to avoid, b ias. BIas 
can result from distortions in sampling 
and in th e informati o n a ctu a lly 
collected. It can result from distortions 
in sampling situations, time p eriods 
and people. The most important issue 
is to be aware of the ways in which bias 
m ay enter any investigation and to 
devise strategies to minimise it. 

TrIangulation 
Triangulation is the use of a 

number of different approaches to any 
par ticular phenomenon. It involves 
comparing and complementing in for 
mation from different sources and can 
be achieved in a number of d ifferent 
dimensions. For example, it can be 
achieved by using different sources of 
data and information, different disci
plinary and theoretical perspectives, 
different methods of obtaining informa
tion, different types of s ubjects, and 
subjects drawn from differen t locations. 
The ultimate aim of u sing triangulation 
is to increase con fidence in th e infor
mation obtained and the interpreta
tion s made. Thus , to the extent th at 
information from different investiga
t ors , s ou rces and approaches is 
congruent there is increased confidence 

that it represen ts the actual situation. 
To the extent that they are not congru
ent, confidence is decreased. It is a 
vital technique in the use of qualitative 
informa tion a s it provides a way to 
minimise the possibility that a study'S 
findings are simply an artefact of a 
single method, a single data source or a 
single investigator's bias (4). 

Conclusion 
Quali tative m ethods represent a 

n ew m ethod for most nutritionists . 
Nevertheless, they have much to offer 
those involved in the design and evalu
ation of programmes. There is a need to 
provid e these skills to nutritionists 
working in both service and research to 
assist them to obtain reliable informa
tion abou t why people are behaving in 
certain ways so that more effective 
in te rventlon programmes can be 
designed and implemented. 
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Introduction 
According to a recent nutrition 

sUlVey in Bangladesh, 18%> of the 6-60 
months age group suffer from severe 
protein-energy malnutrition (PEM) (1). 
These data are broadly simUar to those 
in other national nutrition surveys 
dating back to 1976, suggesting that 
the problem of PEM persists and is stUl 
one of the major causes of death in 
infants and young children (2, 3 , 4). 
Patients with severe PEM, particularly 
those with complications, are medical 
emergencies and require immediate 
treatment in order to prevent death 
and initiate the recovery process. We 
have studied aspects of n utrition reha
bilitation in the Children Nutrition Unit 
(CNU) situated in Dhaka, the ca pital 
city of Bangladesh. The estimated total 
population is around 5-6 million. CNU 
has a 60-bed acute admission ward for 
children with severe PEM defined as 
nutritional oedema or wt/age < 50DA> 
and wt /h t < than 60°;6 of Harvard 
growth standard (5). 

A previous study (6 ) with these 
children showed that 1 ch Ud in every 7 
had no father, 1 in every 13 had no 
mother , 200/0 mothers w orked as 
domestic aid, 52°;6 fathers were either 
transport workers or day labourers, 
2 7% fathers and 12% m others were 
literate. a greater number of females 
was admitted. 55°;6 were either the first 
or second b orn. bottle-fee d ing was 
com mon an d p ractised by 4 2% of 
mothers. About 57% marasmic cases 
we r e bottle-fed, and m ost p arents 
earned less than Taka 1500 (US $50) 
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per month . This paper describes PEM 
cases and their response to treatment 
in an urban nutrition rehabilitation 
centre. 

Patients and methods 

Severe cases of PEM children, age 
between 0-60 months admitted at CNU 
over a period of 5 years (1984 - 1988) 
were studied. On a dmission, weight, 
height and mid-upper arm circumfer
ence (MUAC) were measure d . The 
nutritional status of patients was 
assessed by wt/ age (below 1 year) and 
wt/ht achievements with reference to 
the Harvard Standard (7), and the pres
ence or absence of oedema above 1 
year. All children with oedema and all 
th ose with or without oedema, who 
were only 60°;6 wt/ht or less, were clas
Sified as severely malnourished and 
were admitted to the in-patient unit for 
intensive care and treatment which 
included nutritional rehabilitation. 

Laboratory studies at the time of 
admission included total plasma 
protein , haematocrit , urinalysis and 
microscopic examination of the stool 
for blood, pus cells, ova and parasites. 
Throat swabs and samples of blood, 
stool and urine were routinely taken for 
bacteriologIc cultures. Mantoux test, 
and a chest radiograph was performed 
in all cases. Pulmonary tub erculosis 
was ten t a tively d iagnosed wh en 
susggestive radiograph was associated 
with a constant clinical pattern such as 
positive m antoux test, unexplained 
fever in the hospital or growth failure 



despite an adequate energy intake and 
no clinical signs of malabsorption. 

Recovery diets 

The aim was to achieve an energy 
intake of 100-120 kcal/kg/day in the 
first week and there after, 150-200 
kcal/kg/day with approximately 2.5g 
protein/kg/day. The diet consisted of 
dried skimmed milk reconstituted with 
oil and sugar (100 ml = 100 kcal) 
initially given day and night. During 
the first week the amount fed was 90
100 ml/kg/day. then increasing gradu
ally to 120-200 ml/kg/day in 4 -6 feeds 
a day. Solid, cooked meal was offered 
from the first week : some children 
refused solids initiallly but within a few 
days their appetite returned and solid 
diets were taken up to four times daily 
ad lib . 

Anorexic patients were fed by naso
gastric tubes initially. In addition to the 
diets, vitamin supplements, oral iron 
from week 2. potassium chloride and 
magnesium sulphate were given 
routinely. Severe or moderate dehydra
tion was treated with either i / v half
strength normal saline or orally as 
appropriate. Hypoglycaemia (blood 
glucose < 40mg / dl) or hypothermia 
(rectal temp. < 96 F ) if present. were 
treated with appropriate measures. 
Blood transfusion or packed cell was 
given if PCV was less than 20%. 
Dietary intakes were measured by 
weighing each plate of food and left 

TABLE 1 

over. 

The body weight was measured and 
recorded at the same time each day, by 
the same person . All infections were 
identified and treated with appropriate 
antibiotics. Patients were discharged 
when they achieved 80% wt/ht. Mean 
duration of hospitalisation to reach this 
criterion was 2 1 ± 5 days. Mothers 
stayed with their babies and received 
regular instruction on nutrition and 
basic health care. A group of children 
(460) among these were followed up at 
home 2 years after discharge. Results 
are expressed in proportion, and mean 
± SD. Chi square test was used for 
statistical significance test. 

Results 

The mean age of the patients was 
17 ± 15 months for marasmus (M) and 
29 ± 17 months for kwashiorkor (K) 
and marasmic-kwashiorkor (MK) . 
According to Wellcome Classification, 
380 (18%) were maramus, 443 (200Al) 
were kwashiorkor and 1313 (620/0) were 
marasmic-kwashiorkor. Their mean 
wt/age were 39 ± 5% for maramus. 52 
± 9% for kwashiorkor and 46± 9% for 
MK. The mean wt/ht was 62 ± 6% for 
M, 73 ± 8% for K and 66 ± 8% for MK. 
The mean ht/age was 80 ± 60/0 for M, 
88 + 4% for K and 80 + 6% for MK. The 
me;n mid-upper ann ~ircumference for 
M was 9 ± 3 cm, for K and Mk 10 ± 5 
cm as shown in Table 1. Their wt/age. 
wt/ht and ht/ age were very low and 

Nutritional status of PEM children based on Wellcome classification on admission at CNU 
(Mean ± SO) compared with 50th Centile Harvard Standard 

Age and nutrition Status Marasmus (M) Marasmic Kwashiorkor (K) 
n =380 (18%) Kwashiorkor (MK) n = 443 (30%) 

n = 1313 (62%) 

Age in months 


\Vt/Age (%) 


Wt/Ht (%) 


Ht/Age (%) 


MUAC in cm 


'1 7 ± 15 

39 ± 6 

62 ± 6 

80 ± 6 

9±3 

29 ± 17 

46 ± 9 

66 ± 8 

80 ± 6 

10 ± 5 

29 ± 17 

52 ± 9 

73 ± 9 

88 ± 4 

10 ± 5 
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K 
(n=443) 

Prevalence of infections on admissIon by types of PEM 

Infections 	 M MK 
(n=380) (n=1312) 
% % % % 

Diarrhoea with 

dehydration 35 24 15 25** 


Tuberculosis 24 15 9 16 ** 


Bronchopneumonia 64 69 70 68 


URn 41 48 49 47 


Urinary tract Infection 19 25 23 23* 


Septicaemia 12 12 11 12 


Entamoeba histolytica 36 37 40 37 


Giardia lamblia 16 23 22 21 * 


Ascaris lumbricoides 26 44 45 41* 


1hchuristrichuria 5 19 25 17** 


Anchylostoma duodenale 6 21 18 16* 


Otitis media 22 24 20 23 


Skin Sores 12 13 15 13 


* M VS MK or K, p < 0.05 
** M VS MK or K. p < 0.001 
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there were evidence of both stunting 
and wasting in these children. 

Prevalence of infections as shown 
in Table 2 were: overall. 25% had diar
rhoea with dehydration but there was 
significant difference between M vs MK 
or K (p < 0.001); 16% had tuberculosis. 
but the difference was significant. M vs 
MK and K; more marasmics had TB (p 
< 0.001). Significan t difference were 
also observed between the 3 types of 
PEM in cases of Giardia lamblia (p < 
0.05), Ascaris lumbricoides, Trichuris 
trichuria and Anchylostoma duodenale, 
M vs Mk and K (p <0.001). The lower 
prevalence of worm infection in maras
mics was probably because they were 
younger. 90% had 1 infection and 80% 
had 2 or more infections. 

TABLE 2 

The mean plasma total protein was 
6.0 ± 2.0 g/dl for M. 4.8 ± 1.0 g/dl for 
MK and 4.5 ± 1.0 g/dl in K. Mean 
haematocrit was 30 ± 5% in M. 25 ± 5 
% in MK and 24 ± 1 in K. M vs MK or K 
for these values were signifcantly differ
ent (p < 0.001). 45% had enlarged liver. 
15% with dermatosis, 330;0 hair depig
mentation, 66% had xerophthalmia 
and 400;0 had angular stomatitis. In all 
these conditions (more prevalent in MK 
and K) there was significant difference 
between M vs MK or K (p < 0.001). 

Table 3 indicates mean energy 
intake (kcal/kg/day) and weight gain 
(g/kg/day) in week 2 during treatment. 



Both energy intake ( 192 ± 38) and Overall mortality rate was 5.0% 
weight gain (11 ± 5) were more in (107), 3 .5% (70) left against medical 
marasmic cases than in MK (163 ± 33) advice and 91.7% (1958) were 
(10 ± 4) and K ( 138 ± 25)( 8 ± 4) that discharged. There were no significant 
is, for M vs MK and K significant difference in the mortality among types 
difference were observed in energy ofPEM. 
intake (p < 0.05) and weight gain (p < Table 4 shows mortality risk of 
0.001). 

TABLE 3 

Mean weight gain (WG) and energy intake (EI) by type of PEM (Mean ± SD) 


WEEK 2 

PEM WG(g/kg/day) El(kcal/kg/day) 

Marasmus (M) 214 11.1±5.0 192 ± 38 

Marasmic-Kwashiorkor(MK) 890 10.1 ± 4.5 163 ± 33 

Kwashiorkor (K) 118 8.7 ± 4.0 

M vs MK and K: EI =P < 0.05 WG =P < 0.001 

TABLE 4 
Mortality risk of diarrhoea, dehydration, septicaemia, tuberculosis, pneumonia 
and severe anaemia 

Conditions 	 Infection Infection 
present absent 

Died Alive Died Alive 
n n % Died n n 0/0 Died 

Diarrhoea with 

dehydration 83 448 (18.5)·· 76 146 (5.2)" 


Septicaemia 26 206 (12.6)·· 144 1906 (7.6)·· 

Pneumonary 
tubercu losis 37 320 (11.5)· 118 1653 (7.1)· 

Bronchopneumonia 
(Excluding TB) 120 1143 (l0.4)** 50 809 (5.7)·· 

Severe anaemia 104 1063 ( 9.7)· 66 949 (6.9)· 

* P < 0.05 ** P < 0.001 
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infections pres en t on admission. 
Among the deaths, patients with diar
rhoea and dehydration, septicaemia, 
miliary TB, bronchopneumonia (post
measles and others), and severe 
anaemia (before blood transfusion) 
were at greater mortality risk. 

Patients with more than 2 infec
tions, younger children (age below 18 
months). very wasted children, wt/ht 
below 50% Harvard Median had greater 
mortality risk, and most deaths 
occurred within 72 hours of admission. 

Anthropometric measurements on 
nutritional status of the follow-up 
group (n=220) (Le. those who were 
found in the follow-up search two years 
after discharge) were compared with 
the values for OPD-matched controls 
(n= 150) and sibling con trol group 
(n= 130) aged between 12 and 60 
months living under similar conditions. 
Nutritional status of those found alive 
was satisfactory. Their mean wt/ht was 
90% and 88 percent of childr en were 
above 80°4> wt/ht (Table 5}. Even the 
siblings of study group were in better 
nutritional status (m ean wt/ht was 
87°4» compared to OPD control (mean 
wt/ht was 76°4». 

TABLE 5 

Discussion 
The children admitted were chroni

cally malnourished as well as wasted, 
ie, low weight-for-height and there was 
a distinct difference in the mean age on 
admission between children with 
marasmus and those with kwashiorkor 
and marasmic-kwashiorkor. This 
supports the view of different patho
genesis of marasmus and kwashiorkor 
(9-12). The high prevalence of infection 
is comparable with our previous finding 
(l3) and findings from Lesotho (1 4) and 
well documented by various auth ors 
(15, 16). These findings justify our 
routine use of broad-spectrum antibi
otics in severe PEM. The observed inci
dence of entamoeba histolytica (37%) 
and Giardiasis (21 %) would support 
treatment with metronidazole and use 
of antihelmentics to treat worm treat
ment. Ou r mortality of 5% however 
appears to be very low in contrast to 
our previous report (2104> died) (13) and 
reports from Lesotho (250/0) and other 
hospitals in Sub-Saharan Africa viz. 
Zambia (2404» and Nigeria (2 8%) (1 4, 
17 , 18). In some local hospitals in 
Dhaka and in Kanti children's hospsi
ta l in Nepal, high morta lity (25%-3004» 

Comparison of percent Harvard weight-for-height of those found a live with matched OPD 
control and siblings control groups (8) 

Percentage Harvard Standard Wt/Ht 

Group < 69 70-79 80-89 90-99 100+ Mean 
Wt/Ht:!:: SD 

Found alive 

n=220 o 11.5 38.4 36.5 13.6 90 :!:: 5.1* 


OPO-matched 

control 

n=150 15 4 1.1 40.5 2.4 o 76:!:: 7.2* 


Sibling 
control 

n=150 o 10.5 57 23 9.5 87 :!:: 7 .7* 


* (p < 0.05) 
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among severe PEM has been reported 
(u npublished). The most life-threaten
ing complications of severe PEM which 
we are reporting h ere as mortality risk 
(diarrhoea and dehydration, pneumo
nia, septicaem ia, tuberculosis and 
severe anaemia) have been reported 
years ago. We have been able to iden
tify and successfully treat these serious 
complications only when they are 
detected in time, and we have been 
able to reduce mortality from 21 % in 
1978 to below 5% in 1988. 

In surviving children growth rate 
was 8 -11 g/kg body weight/ d a y. 
MarasmiC and marasmic-kwashiorkor 
cases shOWing better rate of weight 
gain than kwashiorkor in week 2 when 
all infections were treated. Our findings 
a r e comparable with these in other 
studies (19). During this phase, simple 
d ietary modifications devised to 
increase energy intake facilitated fairly 
rapid weight gain (20). 

The lon g term progress of ou r 
surviving children was better and simi
lar to some other recent reports (21, 
22). It was encouraging to note that the 
sib lings of t raced children had better 
n utritional status than OPD control 
even though they came from a similar 
s ocio-economic background indicating 
importa nce of mother's education and 
awareness. However, our result is in 
contrast with some previous disap
pointing reports (23-26) . 

It appears that in PEM children 
much of the reported high mortality 
during rehabilitation is probably avoid
ab le . Too much refeeding during the 
early phase of trea tm ent or failure to 
diagnose infection (b ecause us u al 
response to in fection may be impaired), 
may be fatal. Priority must be given to 
treating infections, correcting fluid and 
electrolyte bala n ces (27) p referably 
ora lly to avoid overload of circulation 
and treating severe anaemia and other 
nutrient defiCienCies, xerophthalmia in 
particular. Our stu dy indicates that 
many children frorn urban poor fami 

lies who suffered from severe PEM 
and oth e r complications can b e 
successfully treated in nutrition reha
bilitation centre and they can recover 
satisfactorily in home environment 
after initial treatment. 

Prevention of PEM 
The majority of the children with 

PEM were below 3 years of age. Age 
group below 18 months hold a greater 
mortality risk. Preventive strategy in 
short, should include identification of 
the vulnerable group at an early stage 
ie, (a) pregnant mothers to improve 
bir th weight through maternal nutri 
tion during pregnancy and lactation, to 
promote and project breast-feeding; (b) 
accessible and available health care 
centres wh ere (1) infectious diseases 
can be prevented and treated, (ii) nutri 
tion rehabilitation centres, or other 
facilities where PEM can be treated and 
mothers can get instructions on 
adequate and appropriate feeding prac
tices, growth monitoring and child 
health care in general to prevent child
h ood malnutrition. 
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Introduction 	 Hospital admissions in the two families 
also showed major differences. ChilNutritional surveys should not 
dren and grandchildren in Family 1only find the prevalence of malnutri
had many admissions to hospital, thetion but also ways to correct the prob
children and grandchildren in Family 2lem. Conventional surveys select an -at 
had very few. These data show that therisk' group, such as school ch ildren or 
family has a large and continuing effecttoddlers. They find the prevalence of 
on growth and health of children. Themalnutrition in this group, but seldom 
growth of the ch ildren and grandchilelucidate the cause. The family is the 
dren in Family I were poor and theseprimary determinant of nutritional 
chlldren had many hospital admisstatus, so we can study both the preva
sions. The growth of children andlence and causes of malnutrition by 
grandchildren in Family 2 were goodusing families rather than individuals 
and they had few hospital admissions.as the sampling unit (1). In this paper 
We have done a separate study to findwe show how child nutrition is deter
whether these differences are genetic ormined by families and then give exam
cultural (3). The pattern of growth andples of patterns of nutrition within 
heal th is similar to the growth andfamilies. 
health of the mother during her child· 
hood, but has no resemblance to that 

Methods and results of the father. This shows that cultural 
practices of the mother, rather thanWe have data over a 40-year 
genetic influences, Glre the cause of this

period from children at Cherbourg family effect. Aboriginal Community in Queensland, 
Australia and from this we can We do not have data to demon
compare patterns of nutrition of chil strate the way this information can be 
dren between families and within fami used in n utrition surveys and so shall 
lies over two generations (2). We have consider three hypothetical families 
used data from the children and grand whose children have been found to be 
children in two families to demonstrate malnourished by a nutrition survey of 
this. Many children in Family 1 were a pre-school. In Family 1, the under
less than 9()% W / A and the grandchil nourished preschool child is one of six 
dren showed the same pattern of chlldren, all of whom are malnour
malnutrition. Children and grandchil ished, although the parents are well 
dren in Family 2 were well nourished n ourished. The most likely cause of the 
with no children under 90%) W / A. The problem is dilution of maternal care 
patterns of the nutrition of the children with too many children and the solu
and grandchildren were similar but tion is family planning. In Family 2, the 
were very different from Family 1. index preschool child is malnourished 
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and so are the other two children and 
also the mother. There is no father to 
help support them. This family almost 
certainly has absolute poverty and this 
is the cause of the nutritiona l problem. 
In Fatllily 3, the index preschool child 
is 	 m alnourished. There Is only one 
other child who Is well nourished and 
the parents are also well nourished . If 
social causes of deprivation can be 
excluded, then the most likely cause of 
the 	chUd's problem Is chronic disease. 
In these three families, the detection of 
the 	undernourished preschool child 
did not help determine the cause of the 
problem, but the cause became obVious 
when the rest of the family was exam
ined. Many other patterns of family 
nutrition are possible , and each could 
help diagnose the cause of n utritional 
problems. 

Discussion 

Surveys are still the best and often 
the only way of assessing h ealth a nd 
nutrition of populations. The conven
tional method of studying an ~at risk' 
group Is not the most efficient way of 

detecting nutritional problems and 
their causes. By using the family as the 
sampling unit we can detect both the 
problem and its cause. With family as 
the unit, much of the work will be done 
in the h ome, which may make for 
minor logistic difficulties, but the 
serendipitous information gained from 
a home visit will outweigh the extra 
effort. As the aim of surveys is to 
improve health and nutrition, family 
surveys may avoid the need for further 
s t udies b efore a plan of action is 
adopted. 
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Present vitamin A status of 
children in poor rural areas 

It was reported (1) that in the 
early fifties, vitamin A deficiency was a 
serious problem. and was one of the 
major causes of blindness in children 
in China. But along with the develop
ment of national economy and medical 
care and health services extended to 
rural areas, e.g. the immunisation 
programme now covered 85% of chil 
dren in every county of the country, 
and the programme includes BeG. 
Polio, DPT and measles vaccines . So 
the symptoms and signs of vitamin A 
deficiency were greatly reduced. In 
recent years there were very few cases 
of xerophthalmia seen even by the 
ophthalmologist. However the serum 
retinol level of rural preschool children 
reported b y Chang Ying (2 ) , Tian 
Qingchun (3) and Cheng 1(4) were quite 
low: the percentage of children whose 
serum retinol levels are less th an 20 
~g/dl were 37.1. 39.3 and 33.5% 
respectively. 

Recent study on the nutritional 
status of 12,049 preschool children of 
comparatively poor ru ral areas in 18 
study sites with a n average income 
ranging from 2 00 - 50 0 
yuan/capita/year (5), showed that the 
prevalence of conjunctival xerosis and 
corneal xerosis w e r e 0. 04 °1b and 
0.03% respectively . The prevalence of 
clinical vitamin A de fi ciency was 
0.62%. The average vitamin A in take of 
5211 two-five years old preschool chil 

dren of the above-mentioned 18 study 
areas were 71.5, 59.0. 63.0 and 42.0% 
of the Chinese RDA. 

Since vitamin A deficiency is 
usually associated with severe malnu
trition. the body weight and height of 
the children were measured. The preva
lence of wasting, stunting and low body 
weight as defined by the % of children 
whose weight-for-height, height-for-age 
and weight-for-age were lower than the 
3rd percentile of the NCHS reference 
standard were as follows: 

males females 

°lb % 

wasting 2.7 - 8.0 3.3  8.3 

stunting 21.4 - 78.0 18.8 - 78.1 

low wt/age 11.6 - 49.1 12.5 - 48.3 

The highest prevalence rate 
occurred in the 1-2 year age groups. So 
these chil d ren were in a state of 
chronic ma ln u trition instead of acute 
wasting type. 

With s uch a background of vitamin 
A nutrit ional s ta t u s of the ru ral 
preschool children, we are interested in 
knowing whether this condition wiU do 
any harm t o the health of children 
including their body defence mecha
nism t o infectious diseases. Thus a 
vitamin A supplementing trial was 
carried ou t. 
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Im pact of vitamin A supplementa
tion on child hood diarrhoea and 
respiratory diseases 

One hundred and seventy-two 0.5
3.0 year old children in the mountain
ous area of Hebei province, where 
33.60/0 of children under 3 years have 
serum retinol values less then 20 Jlg/dl 
and 8% less then 10 Jlg/dl, but without 
vitamin A defiCiency eye symptoms and 
signs, were randomly assigned to either 
vitamin A supplementation group 
(n==98) or served as control (n=74) for 
one year. Capsules containing 200,000 
IU vitamin A and 40 IU vitamin E 
and placebo containing ordinary 
vegetable oil were given to children of 
experimental and control group by the 
study supervisor at the beginning of 
the study and 6 months later. The 
occurrence and sever ity of dis eases 
recalled by the mother over the preVi
ous 2 weeks were recorded by the 
trained local village doctors who vis ited 
the families every 2 weeks. The study 
supervisors checked the results every 
2-3 months. The results showed that 
there were significant reductions in the 
incidence of diarrhea (p <O. O 1) and 
respiratory disease (p<O.Ol) in the chil
dren of experimental group compared 
to the control. Relative risk of diarrhea 
and respiratory disease was 2.6 and 
3.6 times h igher r espectively in the 
control children. Serum retinol and 19A 
levels of ex p erimental group were 
significantly higher th an th a t of the 
control group (p<O.Ol) 8 weeks a fter 
first dose supplementa tion . A sign ifi
cant decrease in the percentage of chil
dren with low heights and weights was 
observed. It was concluded that the 
supplementation of large doses of 
vitamin A to the deficient children 
decreased the incidence and severity of 
diarrhoea and respiratory disease. and 
im proved grow th of those children , 
possibly th rough the enhancement of 
activity of the immu ne system. Now the 
same experiment is going on in some 
other places in order to obtain more 

information before the recommendation 
of the supplementation programme to 
the government. 

Other intervent ion p rogrammes 
implemented in t he rural areas to 
im prove the vitamin A nutritional 
status 

1 Training of n utritioD field 
workers: Any Intervention programme 
needs man power to implement it. 
Since the local township and Village 
doctors are lack of both nutrition 
knowledge and the experience of field 
work management, so during the last 5 
years more than ten thousand field 
workers were trained by using the 
modified training package originated by 
FAD, called Nutrition and Food Field 
Work Mana gement. Most of the 
trainees have participated in the nutri
tion project carried out In their home
town by using local resources. 

2. P r omotion of the h ome 
garden a ctivitie s a n d d omest i c 
a nimal raising: In the rural areas, 
most of the foods are produced by the 
families themselves, so expending the 
soyabean cultivation and increasing 
the varieties of veg,etables especially 
green leafy vegetables and fruits grown 
in home gardens and courtyards: these 
are promising ways to improve the 
qu ality of the family diet. In addition, 
by selling the surplus products 
produced in the garden, the income of 
the family can be increased, which in 
tum will increase the capability of the 
family to buy more varieties of foods. In 
many of our study sites these kinds of 
activities have progressed quite sucess
fu lly a nd gradually spread to other 
parts of the country. However, the 
health impact of home gardening still 
n eeds to be identified. 

3. Nutritio n education: The 
improvement of nutritional status of 
the people relies on the awareness of 
people of their own nutrition problem 
and th e in tention to change their 
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behaviour. so nutrition education given 
to the public. especially to the mother 
is crucial for the improvement of the 
nutrttional status of children. During 
the past years. although we have 
carried out some nutrition education 
activities. greater efforts are still 
required to fulfill the tremendous 
demand of the society. 
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Introduction 
It is wen-known that the pattern of 

nutrient constituents in h uman milk is 
the most suitable for the human infant 
because it meets the physiological 
requ irements of the infant (1) . There
fore, exact and complete knowledge of 
the composition of human m ilk is 
essential for und erstanding more 
precisely the nutrient reqUirem ents of 
the infant as well a s for developing 
more adequately defmed formulas to be 
used as a substitute for h u man milk. 
This study examined the concen tra
tion s of selenium, zinc, copper, magne
siu m, calcium and taurine in human 
milk , and their relationship to infant 
growth. 

Materials and methods 

Description ofdonors 

The subjects were 304 healthy and 
well-nourished lactatin g women who 
lived in a local city (Naga no, Japan) . 
The mothers delivered h ealthy full-term 
infants. Th ey were of m iddle socioeco
n omic s tatus and ranged in age from 
22 to 35 years. 

Collection ofmilk samples 

The 304 mothers provided milk 
samples after feeding (hindmilk) in the 
morning. The samples were classified 

according to t he stage of lactation. 
These seven stages were from 4 to 7, 8 
to 30, 31 to 60, 61 to 90, 91 to 120, 
12 1 to 150 . and over 151 postnatal 
days. 

Regard ing the infants fed by 
mothers from 6 1 to 150 postnatal days 
(n= 138), anthropometric indices were 
measured on the day of collection of 
m ilk sam ples. The growth of their 
infants were assessed by weight-for-age 
and h eight-for-age percentile of the 
Japanese reference. The infants were 
classified into 3 groups . Growth of the 
infants whose body weight or height 
was less than 25 percentile, from 25 to 
less than 75 percentile, and over 75 
p e r centile were de fined as "poor', 
"normal' and "well', respectively. 

Analytical methods 

The concentrations of Se were 
de termined by fl uorometric method, 
those of Zn and Cu by atomic absorp
tio n spectrophotometry after wet
ashing procedure, and those of taurine 
by amino acid analyzer. 

Statis tica l methods 

Pearson's correla tion coefficients 
were ca lculated . Partial cor relation 
coefficients among concentrations of 
each nutrient were calculated after 
adj ustment for postnatal days. Differ
ences b etween means were tested using 
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Student's t-test. 

Results 
Mean concentrations of selenium, 

zinc, copper and taurine in human 
milk decreased significantly at each 
stage of lactation, with the zinc and 
taurine concentrations showing greater 
decline. No change was observed in 
magnesium and calcium concentra
tions (Table 1) . Significant decreases in 
the concentration of selenium, zinc . 
copper and taurine were observed at 

TABLE 1 

the first 3 stages of lactation (from 4 to 
90 postnatal days). 

To evaluate relationships that 
may exist among concentrations of 
nutrients in human milk. correlation 
coefficients were calculated. Partial 
correlation coefficients among concen
trations of selenium, zinc, copper and 
taurine in human milk from 3 to 150 
postnatal days adjusted for postnatal 
days were s ignificant (p<O.OOl) except 
copper versus taurine concentrations 
(Table 2). 

Postnatal cha nges of nutrients in human m ilk 

Stage of 
lactation 
(days) 

Selenium 
ng/ml 

4 - 7 

8 - 30 

31 - 60 

61 - 90 

91 -120 

121-150 

151-340 

29 ± 7* ( 23) 

2 1 ±4# ( 7) 

18 ±4# ( 34) 

15 ±4# ( 60) 

15 ±3 (109) 

14 ± 3 ( 48) 

15 ± 4 ( 2 1) 

Stage of 
lacta tion 
(days) 

Taurine 
Ilmoles/ml 

4 - 7 

8 - 30 

31 - 60 

61 - 90 

91 -1 20 

121-150 

151-340 

0.67 ± 0.13 (24) 

0 .49 ±0.2 1 # ( 5) 

0.36 ± 0.1 4# (33) 

0.32 ± 0.11 (42) 

0.30 ± 0.09 (60) 

0.27 ± 0.11 (28) 

0.28 ±0.15 (1 9) 

Zinc Copper 

Ilg/ml Ilg/ml 


5 .5 ± 1.9 ( 22) 

3. 1 ±0.4# ( 7) 

1.5 ± 0.8# ( 33) 

1.2 ± 0.5# ( 59) 

1.0 ±0.4# (1 11) 

0.9 ±0.5 ( 4 9) 

0.7 ± 0.3 ( 23) 

Magnesium 
Il g/ ml 

29 ±6 (22) 

30 ±4 ( 4) 

29 ± 4 ( 8) 

28 ±7 (1 3) 

28 ±5 (50) 

31 ±4 (19) 

34 ±4 ( 8) 

0.37 ±0.11 ( 3) 

0 .27 ±0.05 (25) 

0 .22 ±0.05# (50) 

0 .22 ±0.06 (78) 

0.2 1 ±0.08 

0.1 4 ± 0 .04 

(38) 

(1 9) 

.Calcium 
mg/ml 

0.28 ± 0 .07 (22) 

0.23 ±0.05 ( 4) 

0.31 ±0.06 ( 8) 

0 .28 ±0.04 (13) 

0 .29 ±0.04 (50) 

0.30 ±0.04 (19) 

0.29 ± 0. 06 ( 8) 

* Mean±SD. Number of samples in parentheses 

# Significantly different from the previous stage of lactation 
(p<0.05) 
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TABLE 2 
Correlations among nutrients in human milk adjusted for postnatal days (From 3 
to 150 postnatal days) 

Nutrients Selenium Zinc Copper 

Zn 0.466* (219) 

Cu 0.257* (178) 0.361· (181) 

Taurine 0.367* (199) 0 .374* (200) 0.050 (159) 

* p<O.OOI 
Number of samples in parentheses 

Table 3 shows mean and standard 
de.viation of each nutrient in milk 
samples classified according to the 
growth of infants assessed on weight
for-age and height-for-age basis. This 
table also indicates frequency distribu
tions of the infants in each category of 
growth. Zinc concentration in milk 
collected from mothers who had well
n ourished infants on the bas is of 
weight-for-age was significantly h igher 
than the others. 

TABLE 3 

Discussion 
Although nutrient concentrations 

of the human milk obtained in this 
study were generally in agreement with 
previous reports in the literature (2-7) 
at all stages of lactation. a few authors 
(8. 9) reported different values. This 
discrepancy may be due to the meth
ods of sample collection. and/or the 
sampling procedure. Another explana
tion of this discrepancy seen in these 
reports is considerable intraindividual 

Relationship between nutrient concentrations in human m ilk and infant growth 

Weight Height 

Nutrients poorl normal2 wel13 poor normal 
n=63 n=58 n= 17 n=64 n=56 

Selenium 15±4* 14±3 14±4 15±4 15±3 

(ng/ml) 


Zinc 1.0± 0 .5a 1.0±0.5b 1.3±0.6ab 1.0±0.5 1.0±0.4 

(jlg/ml) 

Copper 0 .21 ± O.O7 0.20 ± 0.05 0.20±0.06 0.21±0.07 0.20±0.05 

(jlg/ml) 

Taurine 0 .27±0.10 0 .29±0.O9 0.27 ± 0.OI 0 .27±0.10 0.29±0.09 

(jlmoles/ml) 


*Mean± SD 
Values within a row sharin g a common superscript are significantly different 
(p<0.05) 

1 Less than 25 percentile of weight or h eight-for-age 
2 Over 25 and less than 75 percentile of weight or h eight-for-age 
3 Over 75 percentile of weigh t or height-for -age 
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variation of n utrient concen trations in 
human m ilk. Actually. in this study. 
intraindividual variation of nutrient 
concentrations was large. especially in 
the early stage of lactation. 

Some au thors reported that the 
intake of zinc and copper had no effect 
on their concentrations in human m ilk 
(5. 10). Others re p orted tha t zinc 
concentrations in human m ilk were 
influenced b y maternal zin c intake 
within a physiological r ange (11). 
Whether the maternal nutrient intake 
influences th e p arti c ular n utrient 
concentration in breast-milk or not is 
in dispute. 

Zinc concentration of milk from the 
mothers of breast-fed infants with body 
weight over 75 percentile weight-for
age . was higher than th a t from the 
others. The improved growth of infants 
receiving Zinc-supplemented formula 
has been reported (1 3) . Intake of zinc in 
human milk may b e related to growth 
of infant. 
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Introduction 
In the vast majority of developing 

nations, malnutrition perSists among 
preschool children, pregnan t and 
lactating women. These groups often 
reside in rural poor areas, possess 
inappropriate foo d habits, and lack 
nutritional awareness. Considering the 
pivotal importance of food habits in the 
malnutrition/infection cycle, Thailand 
implemented a food habits research 
and deve lopmen t effo rt from 1985
1989. The project was fu nded by the 
Au stralian Government , through the 
AS EAN Sub-Comm ittee on Protein: 
Food Habits Research and Deve lop
ment. Th e Institute of Nutrition at 
Mahidol University (INMU) served as 
the project coordinator. This presenta
tion gives a n overview of the project's 
process, major results , and its transfer
able principles. 

Purpose. objectives and st udy 
areas 

Th e project's purpose was to 
imp r ov e the nutrit io n a l sta u s o f 
presch o ol children, p r egnan t an d 
lac tating w omen in Thailan d's fo u r 
major regions. The project's two main 
objectives were to identity food habit 
problems and their contributing factors 
among the target population, in addi
tion to exploring appropriate behavioral 
m odification a pproa ches which could 
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change undesirable food habits while 
strengthening desirable ones. The 
research area contained seven study 
sites as based on cultural, geographic 
and religious differences. The project 
called upon experts from five universi
ties , one teachers' training college, and 
a provincial hospital. Their major roles 
were selecting study sites and the 
target population, and serving as 
research teams who worked with 
Villagers to develop appropriate 
community-based intervention strate
gies. Each study site teatn covered 2 to 
8 villages and 72 and 228 target house
holds. 

Design and methodology 
The project used a systematic 

tr ip le-A approach entailing Assess
men t , Analysis and Action. Its phases, 
activities and results are as follows. 

Phase 1: Assessment and analysis 
phase 

Field researchers lived in the study 
villages for 4 to 8 months to gain an in
depth understanding of the target 
populations and their livelihoods; food 
habits and beliefs; food obtainment, 
selection and processing practices; as 
well as maternal and child nutritional 
behaviors. Research methods included 
partiCipant observation with in-depth 
and informal interviewing, conversa



tions and structured obseIVations. Key 
infonnants comprised community lead
ers. ]oca] authorities and members of 
the target families. Such qualitative 
data were collected using structured 
open-ended gUidelines and analyzed 
daily. Quantitative data were obtained 
concerning general community and 
target population characteristics using 
a standard structured questionnaire 
and record forms. Variables included 
such areas as standard demographic 
information. village health and social 
development profiles. economic levels. 
food availability. nutritional status and 
dietary intake. 

Results pinpointed several food and 
related practices affecting general 
nutrition among the target population. 
These included inappropriate tradi
tional beliefs about food. pregnancy 
and child development: food 
taboos/restrictions during pregnancy. 
lactation and child illness: incorrect or 
inadequate nutritional awareness ; and 
the role of external forces (e .g.. the 
elderly. mass media advertisements) on 
food selection and consumption. Over 
900/0 of mothers. though. practised 
breast-feeding. Well-educated mothers 
correctly prepared and fed supplemen
tary foods as suggested by health work
ers. 

Phase 2: Solution (action) phase 

Based on these findings. a four-fold 
model strategy was launched entailing 
Participatory Action Research (PAR). 
nutrition education. supportive activi
ties and evaluation. In the first case. 
since community participation Is 
fundamental for solVing many local 
problems. Partic i patory Action 
Research (PAR) seIVed as the project's 
operational approach. It covered five 
interactive s t eps wh ere community 
members and researchers worked 
together as project collaborators. The 
first involved community selection and 
rapport building wherein researchers 

became accepted and concerned partic
ipan t s in each village. Second . 
researchers acted as stimulators to 
help villagers learn about their commu
nity's nutritional situation and its 
determinants . S tep three involved 
working with Villagers to determine 
appropriate programmes for solving 
community-identified problems. In step 
four. Villagers and researchers priori
tised p oten tial in terven tion 
programmes based on existing n eeds 
and resources. The final step involved 
planning and undertaking the selected 
programmes using realistically attain
able objectives. 

Nutrition e ducation rested on the 
developing and disseminating a total of 
approximately 14 separate print and 
interpersonal communication 
programmes. Media production utilised 
a p eople's partiCipation approach to 
nutrition communication where 
villagers took an active part in produc
ing thos e media which would be socio
culturally appropriate and maximally 
accessible to target group members . 
Collectively. the media promoted new 
food habits and educa ted target group 
members through a process of creating 
new k nowlegde ; initiating new atti
tudes. perceptions a nd beliefs: and 
ending with the introduction of new or 
modified food and nutrition practices. 
F or pregna nt m others. messages 
included information on foods required 
dur ing pregnancy. the need for attend
ing ante-natal clinics. and immu nlsa
tions. Lactating mothers were encour
aged to recognise an d consume appro
priate foods. especially a nimal protein 
and green leafy ve getabl es. For 
preschool children. messages aimed at 
caretakers and addressed s uch topiCS 
as colostrum, breast-feeding, s u pple
m entary food. nutritious snacks a n d 
foods to be consumed during illness . 

Supportive activiti es were used as 
important mechanisms for increasing 
community participation and as a coor
dinating focus for existing government 
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health and nutrition programmes. The 
project's activities included developing 
new recipes or adapting existing ones; 
food production and preservation 
demonstrations; school lunch 
programme improvements; literacy 
campaigns; environmental sanitation 
campaigns; and basic health services. 

The evaluation stage addressed 
both process and impact with activities 
being assessed before, during and after 
programme implementation for each 
study site. Th e common key indicators 
were scores on knowledge, attitude 
and practice (KAP) in nutrition and 
related aspects so as to evaluate media 
effectiveness and that of the model 
itself. A qualitative evaluation was also 
conducted to help explain quantitative 
data and assess people's participation 
in the project. Regarding impact, the 
project anticipated an improvement in 
the populations' nutritional status, 
especially among preschool children. 
Nutritional status w as a ssessed by 
anthropometry, prevalence of defiCiency 
signs, as well as 24-hour dietary recall. 

Results 
Similar trends in KAP improve

ment were observed in a ll study areas 
(as opposed to control areas). After one 
year of the solution trial, statistically 
s i gnifican t to highly significant 
improvements were made in knowledge 
and attitudes towards proper food 
h abits, food preservation, the dangers 
of eating potentially harmful foods, and 
the causes of m a lnutrition. Positive 
changes in some practices were also 
n oted, s uch as eating a wide variety of 
foods d u ring pregnancy and lactation, 
h igh quality food consumption during 
the postpartum p eriod as w e ll as 
during chUd illness, giving colostrum to 
newborn infants, s upplementa ry feed 
ing of infants, and food preservation. 
The nutritional status of preschool chil 
dren a lso improved along with declin
ing rates of nutritional defiCiency 

symptoms and signs (e.g., angular 
stomatitis, night blindness). Other 
practices (e.g., consuming a low fat 
diet, early infant feeding, eating non
nutritious candies and snacks), 
however, showed little change due to 
deeply rooted and complex causal 
processes. 

Nonetheless and aside from the 
nutrition intervention programme, 
health services also influenced food 
habits. In short, the better the service 
each mother received, the more likely 
she was to avoid undesirable food 
habits. After project implementation, 
results showed an increase in the 
number of mothers receiving ante-natal 
care at local health centres, where they 
received vaccinations, iron and vitamin 
supplementation and nutrition educa
tion . 

Conclusion 
To modify inappropriate food habits 

reqUires a model con taining both 
biomedical as well as social science 
perspectives and methods. It also 
demands an accurate, early analysis of 
each community's socio-cultural, 
economic, political and physical envi
ronments. Projects also reqUire a posi
tive interactive atmosphere where 
responsibilities are sllared by commu
nities, local development erganisers 
and project teams as project collabo
rators. The preject also. needs an eval
uatien appreach which addresses beth 
precess and outceme measures. Nutri 
tional messages and cencrete suppert
ive activities must match with Village 
life and its members' interests. This is 
impertan t because, ultimately, the 
community members are the one's who. 
mak e the real difference. They ar:e the 
ones who must change themselves. 
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Introduction 
A variety of specific experience in 

gerontological nutrition from a diverse 
set of nations will be presented in this 
Symposium. The purpose of this paper 
is to present an overview from the 
developing countries of the world. 
Although Asia is a vast region which 
includes the barren expanses of 
Siberia, and the bustling industralized 
dynamos of Japan, Korea, Taiwan and 
Hong Kong, the majority of its popula
tion lives in the transitional nations of 
Thailand, Singapore, Malaysia, and 
China, or the less developed countries 
of the Indian Subcontinent. the 
IndoChinese Penninsula. and the 
archipelagos of the Philippines and 
Indonesia. The majority of the research 
experience of this au thor has been in 
Latin America. It is hoped that the 
general lessons and the pOints of view 
from the western hemisphere have rele
vance for the eastern hemisphere, as 
well. This paper presents a general 
overview of the problems and potentials 
in conducting research into the 
combined issues of aging and nutrition, 
with special notes on the opportunities 
and difficulties presented in transi
tional and developing nations of the 
Third World. 

Demographics 

Demographics are the most impor
tant factors directing health-related 

and human biological research in 
developing countries. Since World War 
II, the poor nations of the belt between 
the Tropic of Cancer and Tropic of 
Capricorn (and the poor sub-segments 
of temperate countries, as well, have 
experienced explosive population 
expansion (1, 2). This led to a popula
tion age-pyramid with a broad base 
with over half of the population being 
below 15 y. The associated high child
hood mortality resulted in a significant 
reduction in the individuals that 
reached adulthood and were eligible for 
passage to the third and fourth ages of 
life. It is logical that a concern for child 
health and maternal well-being, espe
Cially that for the pregnant and lactat
ing woman, has been predominant. 

Through the last 50 years, the 
nlajor concern has been maternal-child 
health (MCH), and the primary medi
cal professionals have been pediatri
cians. Gerontology and geriatrics 
remained Virtually unknown in the 
Third World. Recently, however, both 
the age-pyramids and public health 
concerns have begun to shift. A study 
by George C. Myers and Daniel O. 
Clark, of the Centre for Demographic 
Studies of Duke University, entitled 
"Geographic Distribution of Older 
Persons within Countries: An Interna
tional Trend" (3), presented at the XN 
International Congress of Gerontology 
in Acapulco, Mexico, looked at the 
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Latin America in the 1980s. In 1985. 
11.8% of the Israeli population. 10.34%) 
of the Japanese population. and 8.3% 
of the Cuban population were over 65 
y. In India. the figure was 6.3%. 
whereas it was 4.3% in the Republic of 
Korea. and 5.7% in Chile. 

Scientific development In develop
Ing countries 

National underdevelopment is a 
global. if uneven. phenomenon that 
affects economic. financial, sociaL 
cultural. and educational s ph eres. 
Universities are the traditional reposi
tories of both knowledge and investiga
tion in a country. Given the multitudi
nous problems and limited resources. 
university research in developing coun
tries has been eminently applied. in an 
effort to solve perceived problems. This 
has oriented the majority of investiga
tors to the MCH domain. The other two 
models for health-related research in 
Third World. regional centers financed 
by the United Nations dependence and 
private investigative units. are present 
to a lesser degree. 

Biomedical scientific development 
in Scientifically-underdeveloped coun
tries should seek three goals: (1) forma
tion and training of young scientists; 
(ii) the creation of investigation of excel
lent quality; and (iii) communication of 
the research findings to the scientific 
and public health communities. b oth in 
the country of origin and to the world 
at-large. The Centre for Studies of 
Sensory Impairment. Aging and 
Metabolism ,(CeSSIAM). is a private 
research unit in Guatemala. founded in 
July 1985 in affiliation with the 
Committee for the Blind and Deaf of 
Guatemala. It was fortunate for the 
development of gerontological research 
that the term "aging" was included in 
the name (4). Acceptance of aging 
research was related to the fact that 
much of the concern for an eye hospital 
are ocular diseases of aging (such as 

glaucoma. cataract. retinopathies. 
maculopathies). and that the elderly 
are a group that may reqUire institu
tional advocacy. 

Not only in Guatemala. however. 
are biomedical scientists directing their 
attention to gerontology. This is occur
ring in other countries of the Latin 
American region with the argument 
being diverse: one concern is the 
density of the ignorance that currently 
exists about tropical gerontology. A 
second is a long-range concern for the 
utilisation of health services when the 
aging population has grown to larger 
proportions. A third is an interest in 
contributing. through collaborative 
research. to the understanding of 
human a g ing. p er se. It is very 
common. moreover. that the themes 
addressed in Third World aging 
research relate to aspects of diet and 
nutrition (5). Malnutrition and nutri 
tional defiCiency states have long been 
recognised as problems in the develop
ing world. This is one of the areas in 
which local expertise and international 
investigation have been developed. 
Thus. in the topic under consideration. 
the relative strengths in nutrition 
and dietetics are married to a chronic 
weakness in research in universities. 
regional centres and private research 
units of Third World countries. namely. 
that of aging biology investigation (6). 

Research on the topic carries 
collateral benefits. It introduces new 
concepts into the minds of the investi
gators. New investigative tools and 
resources must be acquired. New 
SCientific associations and communica
tions are born. The introduction of 
gerontology into scientific circles in less 
developed countries is a contribution to 
scientific development. as the new hori
z on s an d intellectual s timulation 
inj ected should more than compensate 
for a ny distraction from the issues of 
maternal and child health. 
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What needs to be studied in aging 
biology and geriatric epidemiology 
in relation t o diet and nutrition in 
developing counties? 

It would be arrogant and presump
tuous to generalise from a narrow 
experience in Central America and a 
brief h istory of personal involvement to 
the entire scope of needs in aging biol
ogy and geriatric epidemiology in rela
tion to diet and n utrition in developing 
countries all around the globe. What is 
shown in Table 1 is a roster of descrip
tive topics. One m ust understand, in 
each region, the current situation as 
the first step in the process of develop
ing aging and nutrition research. The 
areas of interest are: dietary h abits, 
both current (in old age) and past (in 
younger adult life); the amount of inter
nal mi gration, especially rural-to
urban; and current nutritional status 
both wi th respect to macro-and 
micronutrients. 

TABLE 1 

TABLE 2 

Paradigms of interactions between 
aging and nutrition 

- Health status and functional capac
ity in relation to nutritional staus 
and dietary intake. 

_ 	 Nutritional status and dietary intake 
in relation to health status and 
functional capacity. 

Problems and methods in aging 
biology research 

The goal of aging biology is to 
describe the processes that occur with 
time in the life of an organism (6). This 
can apply to everything from the most 
primitive multi -cellular organism to 
laboratory animal models to homosapi
ens. These present comments are 
restricted to human aging. 

Subjects for descriptive studies in the elderly 

- The dietary habits of the elderly 

- The life-long dietary patterns and changes during life 

- The migration h istory in relationship to dietary changes 

- The nutritional status in terms of body composition 

- The nutritional status in terms of micronutrients 

The topic under consideration 
im plies the interaction of aging and 
nutrition. As shown in Table 2 . this has 
two paradigms which look at the two 
directions of causa l r elations. Th e 
former looks at nutritional status and 
dietary intake as dependent variables 
and the latter considers these as the 
independent variables. The key to aging 
research is to identifY the controlling. 
confounding and modifYing variables. 
and use them to enhance the interpre
tation and conclusions. 
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The concepts of the natur,e of aging 
are various, and unresolved. Some 
theories see it as a developmental 
process, i.e. programmed cellular 
evolution and change (7). Others asso
ciate it with a deterioration process, 1.e. 
exhausting of vitality through repetitive 
cell diVision and repair or environmen
tal stress. Yet another school of 
thought subscribes to the theory that 
cumulative effect of disease of a lifetime 
is the cause of aging effect {8) ..If it were 
not for disease, according to this 



theory, one would never age. With this 
scenarto, the interaction of host, agent, 
and environment would become not 
only a determinant of disease, but also 
of aging. 

Epidemiological evidence confirms 
that old age increases susceptibility to 
certain diseases (9). Genetics modulate 
the penetration of these conditions 
within a given age-group, but clearly 
cardiovascular and cerebrovascular 
diseases are more common in the 
older, as are most malignant tumours 
and most musculoskeletal diseases. 
More descriptive research in Third 
World geriatric epidemiology is 
warranted. 

A number of important terms set 
the bases for thinking about aging and 
about aged populations. Since some 
confusion exists, it is useful to define 
these terms. Life-span is the maximum 
number of years that any member of 
the human species can possibly live; 
120 y is considered to be the upper 
limit. Life-expectancy is the median 
survival of a given birth-cohort; that is, 
it is the age when only half of the indi 
viduals born in the same year will still 
be s u rviving and the other half will be 
deceased. Mortality from childhood 
infectious disease is a major determi
nant of death in the early years; child
birth-related death for women, and war 
casualty for m en, can be the lethal 
hazards of the early adult years . When 
one is studying an aged population , 
one only has the survivors among the 
original birth cohort to be enrolled. 
Selective mortality is the conse
quence of the fact that persons with 
different exposures or different genetic 
constitutions are more likely to have 
died. One will never know h ow time 
would have affected the biology of indi
Viduals who did not survive for study 
(1). Secular trends are changes that 
are experienced by successive decade
groups or generations. Usuallyenviron
mental or technological factors, I.e. the 
discovery of antibiotics, the change in 

food availability, the emergence of 
retroviral infection, etc., modulate 
secular trends over time (1). 

The nature of different life
expectancies, of selective mortality, and 
of secular trends pose hazards for the 
conduct and interpretation of research 
into human aging biology. One mode of 
study are the retrospective. life
history studies. In this motif. a group 
of elderly of a given age(s) is enrolled 
and their present status (health, nutri 
tion, dietary intake) is assessed and 
data on these same variables or on 
various exposures in early life a re 
investigated. One pitfall is the reliabil 
ity of data from self-reported histories. 
The use of archival data such as medi
cal and dental records is more secure. 
However, it is to be borne in mind that 
the survivors represent less than half of 
those who were born together. 

Another popular study design is the 
cross-sectional or transverse study of 
different age-groups. Here, a standard
ised and common examination and 
questionnaire protocol is applied to 
persons in decade-groups, I.e. 40-49 y, 
50-59 y, 60-69 y, etc. One must bear 
in mind here that the cumulative (and 
selective) mortality is different in each 
progressively older group, and secular 
trends that affected the earlier or the 
latter groups are not - by definition 
uniform over time. 

The interpretation of retrospective 
studies and of cross-sectional studies 
with regard to u niversal and generalis
able principles of human aging, is 
fraught with pitfalls. The difference 
between the average blood pressure in 
a group of 30 year-olds and in a group 
of 60 year-olds cannot be attributed , 
necessarily, to aging alone. On the 
other hand, some stressor may be 
present in the present group of the 
fourth deca de, such that is does not 
represent what their elders had experi
enced. On the other hand, those with 
the higher blood pressures at age 30 
might have had higher mortality during 
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30 years. distorting what might have 
been the process of age alone in the 
older group. 

An obvious solution to these dilem
mas would be to use a longitudinal. 
prospective aging study. In this model, 
a cohort would be enrolled in early life 
and followed until all had died. In this 
way. control for differential mortality 
and monitoring of secular-trend
producing events could be incorporated 
into the final interpretations with 
respect to the aging process. per se. In 
theory. this is the ideal approach. In 
practice. it is virtually impossible and 
impracticaL The researchers will age 
and die. with - or in advance of - the 
subjects. and it would take 50 to 60 
years to obtain the final conclusions. 

A major error committed by 
persons who newly move into the field 
of aging research. let us say from pedi
atric research. is to ignore the pitfalls 
and caveats inherent in the various 
models of research design. Satisfactory 
conclusions can be derived. but only if 
the limitations are recognised. 

Specific pitfalls and caveats for 
aging research in the developing 
world 

The preceding section touched on 
the generic issues of conceptual defini
tions and methodological considera
tions in human aging biology. The 
countries of the Third World present 
some additional challenges for aging 
research. which are unique to the 
nature of poverty and underdevelop
ment. 

Maj or issues are migration and 
secular trends. During the life-history 
of any indiVidual, certain amount of 
instability in environmental exposure 
might have occurred. All persons who 
are 60 years of age today were born in 
1931. a few years before the discovery 
of the sulfa drugs and a decade before 
the discovery of penicillin. However. in 

more highly contaminated and infec
tious disease-prone countries. the 
antibiotic age could have meant more 
in terms of allowing children to survive 
severe respiratory infections. The devel
opment of immunisations against 
childhood disease is another medical 
advance. Thus. for generations of 
persons born since 1950. a secular 
trend in reduced early mortality makes 
them less comparable to the prior 
generations. 

Another unresolved issue is 
chronological equivalency across 
nations. If the aging process is. in part. 
a response to environmental factors. 
persons and populations would age at 
different rates in different climes. Even 
if intrinsic. genetic clockwork is the 
universal determinant of aging. differ
en t hereditary patterns. segregated by 
geography. could also produce differen
tial gradients in aging. Thus. the 
methodological question comes up: 
What is the "equivalently aged" person 
in rural Laos as compared to a 70-year
old urban resident of Seoul? 

The final problem both for "match
ing" populations and for making infer
ences about aging biology. in develop
ing countries. is the m ore intensive 
operations of selective survivorship 
during the life-span of the surviving 
elderly of developing countrtes. given 
the mortal infectious diseases and 
nutritional deficiency states that 
undoubtedly thinned the popUlation of 
their birth-cohort. 

Potentials and pitfalls of cross
national and cross-cultural studies 

The process of senescence and the 
propensity to physical deterioration 
and pathological conditions are poorly 
understood. as the foregoing discussion 
illustrates. We have mentioned a 
number of strategies for population 
enrollment for assessing aging biology. 
and each had a serious drawback. 
Comparative research is felt to be an 
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increasingly powerful tool in decipher
ing the enigmas of aging, specially, 
what is environmental, what is innate, 
and what is an interaction (10). 

Cross-national and cross-cultural 
research in aging tries to isolate two 
dependent variables - the "intrinsic" 
aging process and pathological condi
tions of "old age" - in the context of 
different environments, different diets, 
and different nutriture histories. What 
is the influence on gut absorption at 
age 60 years of life-long intestinal 
helminthiases, of recurrent gastroen
terities, and of chronic tropical 
enteropathy? What is the prevalence in 
menopausal women of hip fractures 
and vertebral compressions of a high 
calcium intake/active life-style society 
versus that of a low calcium/sedentary 
life-style population? These are the 
types of contrasts that are developed in 
cross-cultural and cross-national 
research. 

Major multi-national initiatives in 
aging research have developed in 
recent years. Prof. Gary Andrews, of 
Flinders University in Australia, 
conducted a transnational study 
among the elderly in Fiji, Korea, 
MalaYSia, and the Philippines (11). This 
with no major nutritional content. The 
Special Project for Research on Aging of 
the World Health Organization, based 
at the National Institute on Aging In 
Bethesda, Maryland, USA, has two 
components that relate to diet a nd 
nutrition: (I) determinants of successful 
aging; and (il) hlp fractures and osteo
porosiS. 

Explicitly nutritional has been the 
project of the Concerted Action Project 
in Nutrition of the European Commu
nity - (EURONlIT) en titled: "Nutrition of 
the Elderly" of the EEC. It compared 
nutrition and health among persons 75 
years of age in European countries . A 
similar study, but to involve Malaysia, 
Thailand, Philippines, and Indonesia in 
Asia and Mexico, Brazil, and 
Guatemala in Latin America is being 

proposed by SEAMEO in conjunction 
with the EEC. Finally, a study that 
bridges industrialized and developing 
countries alike - at all latitudes and in 
all hemispheres - is the study "Dietary 
Habits of the Aged - A multicen tre 
study", sponsored by the Committee 
11/8 of the International Union of Nutri
tional Sciences under the direction of 
Prof. Mark Wahlqvist, of Melbourne, 
Australia. 

The mech anism of comparative 
research in aging is emerging as a 
powerful tool to develop insights on the 
interaction of environmental, life-style, 
the .aging process and diseases of the 
aged. Ethical issues, however, must be 
addressed in relation to the potential 
for a severe asymmetry of public health 
benefits for some of the partiCipant 
societies a s compared to the others. 
This occurs when one country's experi
ence with a condition of a low preva
lence is contrasted with a condition of 
high prevalence in another. Instrinsl
cally, the insights will be of much more 
importance for the health of the latter 
country or population! Moreover, the 
differential effort in finding and study
ing the cases (affected indiViduals) will 
be a consideration. Let us propose the 
case of two countries having popula
tions of 10 minion, but one with 150/0 of 
the population over 60 years of age (I.e. 
150,000 elderly) and the other with SOlO 
of its inhabitants In this age-group (l.e. 
50,000). The rate of some condition of 
interest is 1 per 100 in the former 
n a Hon, and 1 in 1000 in the latter 
na tion among the elderly. It becomes 
obvious that there are 1500 potential 
subj ects for study in the first region 
and only 50 in the second. Suppose, 
furthermore, that the former country is 
largely urban and the other primarily 
agrarian . Finding and enrolling 
subjects will be different. When it 
comes to disease such as hypertenSion, 
osteoporosis, Alzheimer's dementia, 
etc., the countries In the model with 
the large, concentrated elderly popula
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tion with high prevalence represent the 
industrialized nations whereas those 
with small, dispersed elderly with low 
rates are comprised of developing coun
tries. In fairness to the investigators 
and the older citizens of the two 
regions, the asymmetries and inequali 
ties in benefits and efforts must be 
taken into consideration in planning 
multi-national aging research. 

Conclusion 
There is realisation that the grow

ing numbers of elderly in developing 
countries is Justification for the study 
of gerontology. The interaction of aging 
and nutrition is a most relevant 
concern within the area of aging biol
ogy. 
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Introduction 
During the past forty years. the 

average life expectancy in China 
increased from 35 to 70 years. The 
total amount of people over 60 years 
has reached about 85 million account
ing for 8.2% of the total population. By 
the end of this twentieth century, their 
numbers will reach 130 million 
accounting for 11.0% of the total popu
lation. 

Some chronic diseases such as 
cerebrovascular disease, cardiovascular 
disease and cancer have become the 
leading causes of death in many clties. 

The authorities have paid more 
attention to geriatrics in the past 
decade. but the work which have been 
done on the nutrition for the elderly is 
too li t tle to match the increasing 
demands. However. some investigations 
have been conducted on the aged 
people, e.g. comparing and analysing 
the diet patterns and living conditions 
of the person s enJ oying longevity; 
investigating the trace elements levels 
in their environment and body tissues; 
studying the n utri tional metabolic 
changes of the elderly people suffeITing 
from some chroniC diseases; stUdying 
the peroxldatlon status in the elderly, 
conducting dietary thera py and devel
oping h ealthy foods etc. Liu Bian-sheng 
reported that the trace element spec
trum Is special in the environment of 
longevity areas. The distr ibution of 
longevity areas seems en demic. The 
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diet of longevity people are mainly from 
plant origin with low fat, low calorie 
and low table salt. The distinguishing 
feature of longeVity persons is always 
their involvement in physical labour 
and the attitude of enjoying their lives 
to the fullest. 

The Ch inese Nutrition Society has 
specifically proposed a Recommended 
Dietary Allowance for the middle-aged 
and elderly population. 

The Department of Nutrition for the 
Elderly of the Institute of Nutrition and 
Food Hygiene has conducted a compre
hensive nutrition survey in six regions 
with different dietary patterns involving 
about 2,000 people aged 45-75 years 
a m ong urban and rural residents, 
herdsmen and fishermen in 1989
1990. Th e survey consisted of dietary 
survey, physical examination and blood 
and urine sample analysis. The items 
included in this survey are (1) medical 
history; (11) dietary survey; (iii) clinical 
examination, blood pressure measure
ment, electrocardiogram, calcaneum 
roentgenogram and (tv) biochemical 
analysis for serum total cholesterol 
(TC). high density lipoprotein choles
terol (HDL-C), triglyceride (TG), serum 
and u rine calcium etc. 

The results showed that the compo
nents of the diet in different popula tion 
groups are influenced by dietary habit 
and food supplies. Meat is the major 
component of animal food consumed 
by Beijing residents. Fish consumption 



is the highest in fishing areas. averag
ing about 98 g and 47 g per day for 
Baoshan county (countryside of Shang
hai) and Rongcheng county (Shandong 
province) respectively. but there is n o 
milk and milk products in the diet of 
residents in the fishing areas. The 
consumption of meat and milk is high
est but soybean consumption is almost 
zero in the residents of pastoral areas. 

The energy intake of most of popu
lation are close to or approach ing the 
Chinese RDA. Th e average protein 
intake of m en was clqse to or beyond 
9()o/0 of RDA. but the protein intake of 
70°16 of the aged women did not reach 
80% of RDA. The high quality protein 
(from anima] and soybean) was avail
able to about 48% of residents of fish
ing villages and pastoral areas. while 
only 12. 10/0 was available to farmers . 

The fat in take as a percentage of 
the total energy was over 30°16 in the 
city dwellers. but only 17016 amon gst 
fa nners. In the herdsmen. the animal 
fat as a p ercentage of the total fat 
intake reach ed 80%. with little carotene 
and vitamin C in takes because of 
shorta ge of vegetables. The ca lciu m 
intake of 500/0 of aged women even did 
not reach 400 mg per day. 

Morbidity due to hypertension 
and coronary hea rt dis ease wa s the 
highest in the herdsmen an d the lowest 
in the fishermen. Blood pressure wa s 
p ositively r ela ted to BMI. skinfold 
th ickness a nd serum triglyceride. The 
prevalence of hypertension was higher 
among people wh ose daily sa lt intake 
was over 11 g (p <0.050). The preva
lence of cardiovascular disease is posi
tively related to age. tl1e ratio of animal 
fat to total fat a n d BM!. and is nega 
tively related to serum high density 
lipoprotein cholesterol by multi-regres
s ion statis tics. 

The risk of osteoporOSiS is higher in 
female than male with increasing age. 
About 500/0 of females older than 60 
years old, were diagnosed as h aving 

osteoporOSiS. The relation of obesity 
and bone density showed that the 
higher the BMI the higher the bone 
denSity. and the bone fracture rate is 
lower among the obese. The prevalence 
of osteoporosis is related significantly 
to animal food intake. The bone density 
of the farmer is the lowest among the 5 
regions. 

In 1989. the findings of a study in 
cooperation with Cornell University and 
Institute of Nutrition and Food Hygiene 
on the examination of bone density of 
middle-aged and aged population in 
five areas with different calcium 
intakes showed that the bone density 
of the old women in the pastoral area of 
Inner Mongolia Au tonomous Region 
was the highest owing to their higher 
calcium intakes. 

These Ulustrate that there is a close 
interrelation of dietary pattern and 
nutritional status with the chronic 
diseases of the elderly. 

In the later half of this century. the 
food consumption has increased 
conSistently with the increasing food 
production in our country. Especially 
in big cities, animal food consumption 
increased very fast, such as in Beijing 
where the animal food consumption 
almost doubled from 1978 to 1988. The 
disease structure has changed in 
China. Th e cardio-cerebro-vascular 
diseases and cancer have become the 
leading causes of death in many cities. 
Recently we carried out an Inter
Health Programme in the East District 
of Beijing including a baseline survey, 
popUla tion intervention a nd disease 
monitoring. One h und red thousand 
people aged 15- 75 selected for the 
survey were divided into experimental 
and reference groups. The morbidity. 
ri s k fa c tors of c ommon chroniC 
diseases in the aged people (e.g. hyper
tension. stroke. coronroy heart disease, 
cancer. diabetes and cataract) and the 
nutIitional status were investigated. 
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The findings on nutritional survey 
in 869 inhabitants aged 35-74 years 
were as follows: 

1. 	 The energy intake in 49% of men 
and 41% of women accounted for 
110°16 RDA: 

2. 	 Fat intake as percentage of total 
energy exceeded 30016: 

3. 	 Intakes of table salt and cholesterol 
were high: 

4. 	 Average serum cholesterol was 
high. Cholesterolaemia (>200 
mg/ dl) in men and women was 
18.1°16 and 27.3% respectively: and 

5. 	 Lipid peroxidation products was 
higher in aged population. 

To counter these risk factors, we 
conducted an intervention study in 
this district. The hypertensive 
patients were supervised, health 
education against smoking was carried 
out widely, decreasing salt intake, 
advising rational balanced diet. encour
aging physical exercise, and emphasis
ing the benefits of Chinese diet habits 
in order to improve the nutritional 
status in the elderly and to decrease 
the prevalence of common chronic 
diseases in China. 
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Nutritional status and aging factor analysis of Korean 
elderly 
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Department ojFoods and Nutrition, Ewha Womans University, Seoul, Korea 

Aging actually starts from the 
moment of conception: there is no 
exception among living organisms to 
aging. However, the aging process 
does not occur as a single definite 
process, but in a multifactorial process. 
There are two major factors which 
influence aging: one is genetic factor 
which is programmed within the cell 
and therefore, it is determined natu
rally, and the other factor involves the 
interaction with environmental a nd 
ecologica1 influences. And by the later 
factor, one can observe ind iv idu a l 
difference of aging. 

The average life expec t ancy of 
Korean popula tion has increased in 
recent years owing to' t~e country's 
remarkable economic prc9g~ess . 

In 1960s, Korea was an underde
veloped country witJ:1 a per capita GNP 
of under $ 1,000. -The per capita GNP of 
$1,000 was reached in 1976, and this 
made Korea one of the developing 
countries. From 19 76 to 198 5 , p er 
capita GNP rose to $ 2, 000 . The 
Economic Plann ing Board has n ow 
announced that the current per capita 
GNP has reached $5,000 . Owing to the 
marked economic growth in the past 25 
years, the health status and dietary 
pattern have been altered nationwide. 

With economic changes along with 
dietary changes, th e average life span 
of Korean pop ulation was extended 
greatly. In 1920s, the average life span 
of both men and women was only 23 
years and life span difference between 
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male and female was only 2-3 years. 
Receflt data on life span in 1990s show 
that m a le has an average life 
expectancy of 66, and female has 74, 
and this makes a 8- year difference in 
life expectancy between two sexes. The 
substantial improvement of life 
exp ectancy u p to 70 years has 
increased the proportion of old popula
tion. 

We can clearly observe that the 
population demography has changed 
greatly with economic improvement. 
T he population of over 65 yr old 
comprised 3.8 % in 1980, 4.2 % in 
1985, and will increase to 6.2°;6 in 
the year 2000, which will be doubled 
from the present. 

The dietary surveys of elderly 
people conducted by various 
researchers show that the total food 
consumed by old people over 70 yr was 
10-30 % less compared to the national 
average consumption. Especially, 
rural women consumed extremely 
small a mounts of food viz. 780 
g/person/day. 

A dietary survey of May-June, 1990 
on 21 7 elderly people from rural (121) 
and city areas (196) by a 24-hr recall 
method showed that subjects from the 
c ity consumed a greater amount of 
animal foods such as meat, fish, shell
fish , milks and dairy products. Also 
su bJ ects in cities consumed more 
vegetable , fruit, Kinchi, beans and 
seaweeds. Fat and oil consumption was 
higher in city elderly. However, the 



rural elderly consumed the grain an d over 80. The average diastolic pressure
cereals more than in cities. It is inter of male subjects showed the increasing 
es ting to notice gender and regional tendency with age: it increased from 65 
differences of food consumption pattern nun Hg in 60-69 yr olds to 90 nun Hg
of elderly in Korea (Table 1). in 80 yr olds. 

TABLE 1 

Regional comparison of mean consumption of different food groups 

Mean consumption (gll 

Food Group Urban 

Male Female 

Animal food 204.4 113.7 68.8 

Plant food 941.3 903.8 717.3 700.6 

Fats & oils 13.4 14.2 3.0 3.0 

Alcohol 4.8 3.4 148.0 8.9 

Total 12 13.1 1152.8 982.0 781.3 

Female 

The city elderly consumed all the 
nutrients except carbohydrates (CHO) 
at a higher level - energy. protein. fat. 
calcium. some vitamins and some 
minerals. The CHO intake was higher 
in the rural elderly. The proportion of 
CHO for energy among the three major 
nutrients were 650/0 for city subjects 
and 80 0A> for rural subjects. Th e 
proportion of protein and fat for total 
energy was smaller in rural elderly 
(Table 2). 

There were no differences in energy 
intakes per kg body weight in both city 
and rural elderly. 

The blood pressure measurement of 
Korean elderly subJ ects showed that 
the mean systolic pressure of males 
aged 60-69 were 117-131 nun Hg. and 
131-125 mm Hg for females between 
the age of 60-69. After 70 years. the 
systolic and diastolic pressures of 
females were slightly decreased until 
mid-70s and increased afterward. But 
for males. the continuous increasing 
pattern of systolic pressure was 
observed up to 149 nun Hg in elderly 

The blood profile of 23 healthy 
rural subjects between the ages of 70
93 was compared to 11 controls within 
the ages of 22-27. The average triglyc
eride (TG) level was 149 mg/dl for 
elderly subj ects and 86 m g/ dl for 
controls. The seru m cholesterol was 
222 mg/dl for elderly and 172 mg/dl 
for controls. HDL-cholesterol level was 
46 mg/dl for elderly and 52 mg/dl for 
controls. LDL-cholesterollevel was 148 
mg/ dl for elderly and 103 mg/dl for 
controls. Blood lipid compostion has 
increasing tendency with age. 

The anaemia prevalence of elderly 
people in small and medium size ciUes 
varied according to the criteria applied 
to assess the anaemic condition. The 
average iron intakes of 16 mg and 17 
mg were found for city females and 
males respectively. showing a large gap 
in iron intakes between city elderly and 
rural elderly in both sexes (8.8 mg for 
females and 10.1 mg for males). 

The haematologic and serum iron 
values of elderly over 65 in males and 
females with normal ranges of values 
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TABlE 2 

Regional comparison of daily nutrient consumption in elderly Koreans 

Nutrient Calories Protein Fat CHO Ca Fe VitA Vit Bl Vtt 132 Niacin Vit C 
(kca\) (g) (g) (g) (mg) (mg) (R.E.) (mg) (mg) (mg) (mg) 

Sex 

Male Urban 1904.91 87.4 35.2 307.7 816.6 16.9 767.0 1.3 1.5 34.0 108.9 

(N=23) 1:. 489.5 .±.33.3 .±...16.0 1:. 72.8 ±-463.5 .±. 6 .6 1:. 427 .5 1:. 0.6 .±.0.4 1:. 18.6 .±. 54 .1 

(100.3)2 (124.8) (136. 1) (169.0) (109.6) (130.0) (125.0) (262.3) (I 98.0) 

Rural 1672.1 55.9 14.5 311.2 403. 1 10.7 440.3 0 .8 1.0 16.0 65.8 

(N=29) 1:. 523.2 .±...23.3 1:. 12.1 .±...B6.2 ;L224.9 ,;L5 .9 .±...552.9.±...0.3 .±. 1.0 ;Lll.l .±...5B.B 

(BB.O) (79.B) (67.2) (107.0) (62 .9) (BO.O) (91 .7) (124.B) (119.6) 

Female Urban 1724.7 75.2 33.4 2BO.8 7Bl.B 16.1 755.1 1.2 1.3 28.0 116.7 

(N=98) ±-380.2 ±-25.7 ±-17. 1 ±-64.4 ±-322.1 .±.6.2 1:. 452.2 ±-O.B .:t o.4 1:. 14.6 .±....57 .5 

(107 .B) (122.5) (130.3) (162.0) (107.B) (120.0) (116 .7) (215.4) (212.4) 

Rural 1530.9 47 .4 11.1 307 .0 373.4 8 .B 3Bl.4 0.7 0.6 11.9 54.3 

(N=67) .±...465.0 .±...21 .0 ,;L9.4 .±...BB.B ;L277.6 .±....6.7 .±....369.1 ±0.5 .±.0.3 ,;L9.1 .±....33.5 

(95.7) (79.2) (62 .2) (BB .O) (54.5) (70.0) (58.3) (91.5) (98.9) 

1 Mean 1:. SD 

2 Percent of RDA 
Significant at p =0 .05 by t-test between urban and rural aged 
Significant at p = 0.01 by l-test between urban and rural aged 

••• Significant at p =0 .001 by l-lesl between urban and rural aged 
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were investigated. 

Hb, Haematocrit, MCHC, serum 
iron (SI), total iron binding capacity 
(TIBC) and transferrin saturation 
percent (TS%) values were distributed 
within normal ranges with exception of 
TS% in both sexes and SI value in 
female which was lower than normal 
values (Table 3). From 5.6% to 22.2% 
of elderly men and from 5% of elderly 
women were found to be anaemic 
according to the different criteria of 
assessment. 

TABLE 3 
Haematological and serum iron values of 
elderly in Korean males 

Mean Normal 
Distribtion 

Hb (g/dl) 15.2 13 -
Hct(%) 43.6 42  52 
MCHC (%) 34.8 32  36 
Sl (~g/dl) 59.2 80  180 
TIBC (~g/dl) 327.6 280  400 
TS(%) 19.4 20  50 

Source: John-Hee and Myong-Wha Shin, 

Nutritional Status 

In Healthy Elderly Koreans from Urban 

Households. Korean J Nutr 1988; 21 : 12. 


The bone density studies of elderly 
over 50 showed that subjects experi
enced one or more bone fractures had 
lower bone density, and calcium 
intakes were lower in these subjects 
(Table 4). 

TABLE 4 

The age of appearance of aging 
symptoms such as memory loss, poor 
eyesight, loss of hearing, graying hair, 
wearing dentures, was examined in 
217 city and rural subjects. In most of 
subjects, the loss of memory started in 
their 50s. Those subjects who still 
possesed good memory after 70 years 
of age were found more among female 
elderly. 

Subjects responded that poor 
eyesight began in their 40s for females 
and 50s in males. The poor hearing 
started in 60s for both sexes, and gray 
hair began to appear in their 40s for 
females and 50s for males. The age of 
wearing dentures were 30s for females 
and 40s for males. The neuromuscular 
aches started at 30s for females and 
60s for males. The feeling of senility 
started in 50s in both sexes i(Table 5). 

The recent multiple stepwise 
regression analysis of 217 subjects by 
Ewha Women University between the 
aging and the contributing variables, 
such as health, socioeconomic status, 
daily activities, social participation, 
calorie intakes and behavior pattern 
showed that increasing age was corre
lated with excellent health, region-rural 
areas, bone and tooth health. 

The multiple stepwise regression 
equation developed is as follows: 

Comparison of bone mineral density (BMD) between nonnal and 
fracture- experienced elderly subject 

Age (year) 51 - 60 61 - 70 

BMD (g/cm2) FE N FE 

Spine 0 .83==0.049 1.02==0.170 0.75==0.093 1.08==0.117 
Femur neck 0.68==0.510 0.80==0.073 0.56==0.073 0.83==0.093 
Wards triangle 0.54==0.041 0.66==0.065 0.39==0.074 0 .06==0.092 
Trochander 0.57==0.053 0.69==0.068 0.45:=0.058 0.71==0.100 

Ca intake (mg) 421== 129.4 673== 130.9 479== 135.4 640== 169.6 

FE: fracture -experienced, N: nonnal subject 

Source: Choi Eun Jeong. A study on correlations between national states physical activity and bone 
mineral density in postmenapausal women, 1988. 
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TABLE 5 

Self-recognised aging symptoms by age group· 


Age group (yrs) 

Symptom 	 Sex 30-39 40-49 50-59 60-69 > 70 Good·· 

Memory decreased 
M 0··· 1 8 22 13 8 
F 0 6 27 51 56 25 

Eyesight decreased 
M 1 1 13 20 8 6 
F 0 14 29 54 37 31 

Hearing decreased 
M 1 0 3 9 9 30 
F 1 2 12 29 53 58 

Grey hair appearance 
M 1 7 14 22 8 0 
F 1 46 48 45 21 4 

Half denture 
M 0 2 9 18 8 15 
F 4 7 21 72 31 30 

Feeling of senility 
M 0 0 6 26 16 4 
F 0 4 23 83 47 8 

Neuro-arthritis 
M 2 1 6 19 8 16 
F 10 17 36 41 31 30 

• Males =52, females = 165 •• Not recognised at present 
••• Units refer to numbers 

Y = 12.68 + 0.13HS 2.76RE + Korean on aging process. Kor J 
O.IIBT - 0.13SES + 0.05ADL - 0.07SP Gerontol 1991; 1 (1): 98-106. 
- 0.0003Cal - 0.02BP. 2. 	 Chung CEo Kim SH. A study on the 

statistical analysis of aging factors(HS: health status. RE: region. BT: 
on elderly Korean. Kor J Gerontolbone & tooth health status. SES: 
1991; 1 (1):107-113. socioeconomic status. ADL: activities of 

daily living. SP: social participation. 3. Survey for elderly nu tritional 
Cal: Calorie. BP: behavior pattern). status. Food Research Institute, 

Seoul, Korea, 1987. 

4. 	 Han SS, Kim SH. Nutrition
References consumption status in relation to 
1. 	 Chung CEo Kim SH. Effects of bone density in Korean elderly. Kor 

nutritional status of the elderly J Nutr 1988; 21(5):333. 
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Dietary habits and nutritional problems of the elderly 
in Japan 

Yoshiaki Fujita and Hidemichi Ebisawa 

Department oj Nutrition, Division oj Physiological Aging Research, Tokyo 
Metropolitan Institute ojGerontology, Tokyo, Japan 

Introduction 	 socioeconomic developments during 
the last two decades have changed theSCientifically reliable data indicate 
lifestyle of people and accelerated thethat the maximum life span of human 
wes ternising of dietary and eatingbeings seems to be in the range of 110 
habits. Particularly. a noteworthyto 120 years. However. the mean life 
increase in the intake of animal foodsexpectancy at the present time is far 
has greatly improved the nutritionalfrom the maximum life span. because 
status of people who were undernourwe are usually exposed to various 
ished after the Second World War.external factors which shorten 

longevi ty. Of the external factors. In the past. when most Japanese 
dietary and n u tri tional conditions had inadequate nutritional status. 
relate directly to health and the un dern u tri tion - ind uced infectious 
appearance and development of some diseases such as t ub erculosis and 
diseases. This has an uncompromising other communicable diseases consti 
effect on specific life expectancy. tuted the major causes of death of 

Japanese p eople. However. with 

changes in d ietary and eating habits. 


Changes in leading causes of death the incidence of such diseases declined 

an and then overnutrition-induced degen
Japan is moving towards 

erative diseases such as malignantadvanced-age society at a very high 
neoplasms. heart disease . and cerespeed. In 1990. the mean life 
brovascular disease took over as theexpectancy of Japanese was 75.86 
leading causes of death (1).years for males and 81.81 for females. 

The percentage of elderly (those over 65 However. it is important to note 
years old) in the population was over that the age-adjusted mortality rates. 
12%. Statistical data indicate that by in which the population cOlnposition is 
the year 2020. one of every four expressed on an equalised age-distri 
Japanese will be at least 65 years old. bution basis . show that those suffering 
The major factors which have extended from the chronic degenerative diseases 
the mean life expectancy of Japanese have remained almost constant during 
are the developments in sCientific tech the last three decades. 
nology. particularly medical technology. The present leading causes of death
the successful control and improve as expressed by age groups are malig
ments in environmental sanitation and 

nant neoplasms. heart disease and
nutritional status. 

cerebrovascular disease. These are 
After the Second World War. west  followed by suicides and accidents for 

ern habits penetrated Japanese life to the middle-aged. followed by undernu
an enormous extent. In addition. the trition -induced infectious diseases for 
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the elderly population. This suggests 
that among the elderly, not only over
nutrition but also undernutrition is a 
serious problem that needs to be 
addressed. 

Food preferences and related 
factors 

Japanese elderly persons have a 
preference for foods coming from th e 
traditional Japanese dishes rather than 
western foods. Moreover, they preferred 
dis hes made with the best natural 
ingredien ts rather than highly 
processed foodstuffs. Results from the 
National Nutrition Survey showed that 
the mean daily intake of vegetable 
foods increased with age for the head of 
a family, while the daily intakes of fats 
and oils, milk and dairy products and 
meats decreased (2). Although age
related changes occur in the pattern of 
foods consumed, the daily nutrients 
intake satisfied the Recommended 
Dietary Allowance (RDAs) , irrespective 
of age and nutrition (2). This suggests 
that as long as people have diets with 
an adequate variety of foods, differ
ences in food patterns are not nutri 
tionally disadvantageous. 

There is no conclusive evidence to 
suggest any characteristic food prefer
ences In the elderly result from the 
aging process or an adaptation to 
changes in the living environm~ll t. 
Suyama et al. (3) examined 422 elderly 
men and women, aged 69-71 years old 
living in an urban area and found that 
the three leading factors determinIng 
the n u mber and variety of foods 
consumed were: level of education, 
level of activity of daily living (ADL) and 
the type of living arrangements. 

Furthennore, Uchino (4-5) showed 
that the frequency of rice-oriented 
dishes a mong three meals a day, which 
has been generally thought to be more 
common for Japanese elderly persons, 
was strongly influenced by differences 
in residential location, kind of occupa

tion, level of education and social posi
tion rather than differences in age. 
These findings suggest that character
istic food preferences and eating habits 
among elderly persons depend strongly 
on changes in their socioeconomic 
environment rather than on age-related 
changes in physiological functions. 

Nutritional status 
Results from the recent National 

Nutrition Survey (2) showed that the 
nation's mean nutrients intake comes 
close to expectations. The rates of 
energy derived from proteins (P), fats 
(F) and carbohydrates (C) in a conven
tional Japanese diet were 15.2%), 
24.5°k and 60.3°k, respectively, of the 
dietary energy ingested (2). These 
ratios, for the habitual diet are compa
rable to that for "the Dietary Goal". 
However, it should be noted that the 
average value encompasses large devia
tions from under-to over-consumption. 

In the elderly, levels of ADL 
reflect well their nutritional status. 
Among aged persons, there is a group, 
the "immobile-elderly" such as house
bound and/or bedridden elderly 
persons who have low levels of the 
ADL. In these elderly persons, defi
ciencies in the intakes of some nutri 
ents, particularly vitamin A, vitamin 
B2, calcium and iron .. have been 
common 1(6-7). Another group is the 
"dynamic-elderly" who take an active 
part in a company, community, or 
household affairs. Elderly persons from 
this group have generally good nutri 
tional status (8-10). 

However, the nutritional status of 
institutionalised elderly persons lies 
generally between the "immoblle
elderly" and the "dynamic-elderly". In 
institutions and homes for the elderly, 
in general, the mean eating rates of 
elderly persons are not as high as those 
of household elderly, resulting in 
decreased intakes of nutrients. This is 
because in most institutions a uniform 
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meal is selVed to all residents who may 
have differences in eating habits, 
dietary customs, and food preferences 
(8). 

Nutrition evaluation 

The RDAs for children and young 
adults are based on theory but 
confirmed scientiflcally by manyexperi
mental data (11). However, most of the 
RDAs for Japanese elderly persons 
have been estimated in accordance 
with those for young adUlts, because of 
the paucity of data available. 

Ishigaki et al. (12) found that the 
daily energy intake of elderly persons 
was below their RDAs, but conformed 
well with their daily energy expendi
tures. Most Japanese elderly have 
eating habits that begin with eating rice 
at every meal. Rice is considered to be 
the staple food and the main energy 
source. In the elderly who have less 
daily energy needs, this eating habit 
results in decreased ingestion of other 
foods rich in protein, vitamins, and 
minerals. The solution to this problem 
would be to encourage the habit of 
beginning meals with dishes other than 
rice. 

Physiological functions 

Taste sensitivity for sweet, sour, 
sal ted and bitter foods decrease 
steadily with advancing age. Undoubt
edly, a matter of great importance in 
food services for the elderly is the 
consideration for balanced nutrition, 
inter-individual differences in physio
logical functions and appetite enhance
ment. Accordingly, we must take into 
account taste, odour, texture, colour of 
foods, materials, their colour, size, 
shape of tableware, and dishes. All are 
relevant factors for the promotion of 
appetite. 

Drug and nutrition 

The use of prescription drugs for 
chroniC age-associated diseases is -more 
common in elderly persons. However, 
certain prescription drugs cause 
malabsorption of some nutrients, 
particularly vitamins and minerals, and 
an abnormal metabolism and utilisa
tion of certain nutrients. Further, 
drugs may impair the functioning of 
some organs, resulting in malnutrition 
(13). For nutrition control in the 
elderly, it is very important to consider 
what sort of medical drugs he/she 
normally uses. 

Psychological change and nutrition 
improvement 

Spiritual faith is essential for a 
healthy and meaningful elderly life. But 
decreases in psychological pliability 
and emotional control increases social 
isolation and loneliness. These are 
quite common in elderly persons. 
"Nothing to worry about diet", "can 
have any kind of foods in any amount 
whenever he or she wants to eat" and 
"having a good appetite for every meal", 
are undoubtedly positive attitudes that 
bring spiritual happiness and satisfac
tion to elderly persons. Accordingly, 
efforts to cultivate these responses are 
prerequisite steps for improving the 
nutritional status of elderly persons. 
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global perspective 

Louise Davies 

Gerontology Nutrition, Royal Free Hospital &hool of Medicine, London NW3 
2QE, United Kingdom 

Introduction 

This century has witnessed an 
unprecedented rise in numbers of men 
and women surviving to old age, 
although the definition and the percep
tion of 'elderly' may vary in cultures 
with differing life expectancies. 

In countries where food supplies 
are sufficient, the majority of old people 
can maintain adequate nutritional 
status even into extreme old age (1). 
There is also a recognised group that 
reaches advanced old age as 'elderly 
elite' with physical and mental vigour. 

However for others, advancing age 
may bring an interplay between 
disease, physical and/ or mental 
disability, environmental, economic 
and social difficulties. These combined 
forces can exceed an elderly individ
ual's reselVe capacity, 1.e. the ability to 
respond to stressors (2) and can lead to 
a debilitated state or a downward spiral 
in health. Thus, elderly individuals are 
particularly susceptible to malnutrition 
and sub-clinical malnutrition may be 
common (3-7). Age associated nutri 
tional problems are expected to result 
in escalating demands on already over
stretched medical and social selVices. 

Those responsible for the first 
large-scale British government nutri 
tion sUlVey of the elderly obselVed in 
their report that, in some at least of the 
old people studied. malnutrition might 
have been prevented if the hazards had 
been recognised and the appropriate 

community services deployed (8). 

In a follow-up report, and numer
ous studies in other countries. risk 
factors for malnutrition in elderly 
populations have been identified (9-10). 

Risk factors and warning signals 

Based on a previous definition 
relating to chUdren (11): a risk factor 
is a major, identifiable biological or 
environmental circumstance or 
event that increases the risk of 
malnutrition and therefore suggests 
the need for special care and atten
tion. 

However, the recognition of risk 
factors does not necessarily target 
those individuals most in need. There 
is rarely a direct cause-effect relation
ship. For example, being housebound 
is a recognised risk factor (1)1, but it 
certainly cannot be assumed that all 
housebound elderly people are 
malnourished. 

FollOwing the previous definition of 
risk factors. warning signals are 
single, or groups of, observable 
circumstances that, if left 
unchecked, might directly cause an 
"at risk' individual to become 
malnourished. 

It is evident that malnourishment 
of a housebound old person becomes 
more likely if there are accompanying 
obselVable warning signals such as 
'insufficient food stores at ,home' or 
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obseIVed -depression/loneliness'. 

Identification of risk factors specific 
to each country makes it possible to 
target groups who may be especially 
susceptible to malnourishment, or may 
indeed already be malnourished. Thus, 
priorities for action could be estab
lished, together with appropriate poli
cies. However, it is acknowledged that 
-the elderly' can be the most neglected 
sector of the population with refer
ence to government programmes, and 
the most forgotten by society. 

When national disasters such as 
floods or earthquakes occur, priority is 
given to emergency political action; 
other risk factors, such as unsanitary 
water supplies, may call for h igh level 
public health measures. Elderly people 
are particularly vulnerable to these 
risks, and often either fail to sUIVive or 
have to be left behind as more mobile 
family or neighbours leave the area. 

However, it must be realised that 
even seemingly minor concerns may 
become a disaster to an elderly indiVid
ual, regardless of country of origin. 
Thus, living alone can SWiftly result in 
malnutrition if the old person is left 
unable to fend for him/herself. The 
resultant warning signal -isolation' may 
have differen t caus es in differen t 
cultures, e .g. left alone whilst the 
family works in the fields; left alone at 
the top of a high rise block of flats, 
unable to reach the food stalls below; 
left alone in the city when the family 
takes the traditional long summer holi
day; left alone without visitors when a 
favourite grandchild goes to un iversity. 

With the realisation that those 
most in touch with elderly people may 
be their neighbors, friends or relatives, 
a community based approach to the 
prevention of malnutrition has been 
developed (12). Its aim is to teach the 
recognition of the relevant warning 
signals to the health workers and care 
providers, including the lay public, 
with practical steps for simple inteIVen

tion at 'grass roots' level. 

A clear form, drawn up in a grid 
system, can be filled in by such -field 
workers' for later reporting and assess
ment back at base (Figure 1). The most 
commonly found warning signals under 
each risk factor are marked in the grid 
of Figure 1 with an asterik (*). 

To clarify the concept, this figure 
has been marked-in to illustrate the 
case of a hypothetical elderly person 
(who may be e.g. of low socio-economic 
status, living alone and ill - these risks 
are ticked by the field workers). The 
grid has been further marked with 
circles to indicate the warning signals 
that may have been observed in this 
case. 

Thus it can be seen at a glance that 
low socio-economic status might result 
in a low budget for food (some people 
with a low income may economise on 
other expenses but are still able to put 
aside enough money for their nutri
tional reqUirements, so this needs to be 
checked, possibly by obseIVing insuffi
cient food stores and long periods in 
the day without meals, snacks or 
flUids). This m ay have resulted in an 
observed unexplained change in 
weigh t. These warning signals could 
also have been the result of living 
alone: indicated by observed physical 
disability, isolation and insufficient 
nutritional knowledge to make food 
choice. Illness could further exacerbate 
the risk of malnutrition; indeed, if vita
min A deficienty is suspected, a further 
warning Signal of "falling over" may 
need to be added to the grid, to support 
a possible diagnosis of nigh blindness. 

In the British government study (9) 
it was found that the likelihood of 
malnutrition in an individual increases 
with a multiplicity of risk factors: thus 
the warning s ignal -recent unintended 
weight change' assumes even greater 
urgency for various forms of practical 
preventive action if it is associated with 
more than one risk factor. Those indi
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viduals with 4 or more risk factors were 
at considerable risk of malnourish
ment, with medical conditions playing 
an important role. Under the heading 
of -disease', it is therefore important to 
identify the ch ief medical ri sks to 
elderly men and women in each coun
try. 

Following recognition of the inter
acting problems, the type of -first aid' 

practical actions for the prevention of 
nutritional crisis are seen as simple, 
informal and inexpensive, varying with 
the needs and wishes of the individual, 
e .g. help with procurement and prepa
ration of food, help with the physical 
d ifficulties of feeding, or even some
thing non-nutritional such as help with 
a walking aid to stimulate indepen
dence. 
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The encouragement of this commu
nity-based approach in no way disre
gards the more structured care of the 
social and health services that may 
already exist. On the contrary, the lay 
person's observations frequently high
light the need for medical or paramedi
cal services; or the urgency of the intro
duction to a total package of care, 
inciuding meals programs or other 
community services. 

Implementation 
The first step is to identify the risk 

factors and warning signals relevant to 
each country, including separate 
cultures or religions within the coun
try. At past International congresses of 
nutrition a poster has been displayed 
to encourage delegates to identify/add 
risk factors and warning signals rele
vant to their country. Some examples 
have been given in Figure 1. They are 
open to discussion, with suggestions 
for additions or deletions, at t his 
Congress. 

Who can implement? 

The dietitian's role as the nutrition 
expert makes him/her particularly 
suited to educate the medical and 
paramedical profession and the lay 
public on risk factors and warning 
signals. In countries where there are 
few dietitians, this role could be taken 
by nurses, SOCial workers or other 
community health workers. 

The help available to them will 
vary: there may already be profeSSional 
groups or individuals concerned with 
the welfare of elderly people, and they 
might be persuaded to become involved 
with the unformal care and with follow
up assessments. A checklist leaflet of 
support services locally available may 
need to be written to help the carers to 
take the necessary, appropriate , 
prompt action, informal meetings can 
help to explain and distribute this 
check list. It may be possible to involve 

the media: local newspapers, poster 
campaigns, radio or television could all 
help to educate lay people on the warn
ing signals and where to find support
ive services. 

When is it necessary to implement 
a preventive approach? 

There are four types of malnutrition 
that may make the elderly particularly 
vulnerable at various periods of their 
life: 

Specific malnutrition (e.g. diabetes) 
sometimes masked by non-nutritional 
disease, calls for skilled, early diagno
sis and clear dietary instructions for 
patient and carer. 

Recurrent malnutrition needs long
term planning for services in the 
community. 

Sudden malnutrition (e.g. follOwing 
surgery or bereavement) calls for 
prompt assistance to encourage regain
ing of appetite. 

Long-standing malnutrition calls for 
the front-line carers to initiate action 
as early as possible to prevent a crisis. 

The implementation of appropriate 
"first aid" action might help to prevent 
a downward spiral and assist elderly 
people to remain independent for as 
long as possible. The aim is improved 
health for all, but With special help for 
those at greatest nutritional risk. 
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Introduction 
Later life is characterised by great 

heterogeneity from the point of view of 
biological age and, therefore, poten
tially, food and nutrients needs. In 
turn, this heterogeneity and the extent 
of it, may reflect life-long and current 
food habits. The International Union of 
Nutritional Sciences (lUNS) "Food 
Habits in Later Life" project seek to 
assess how much of the variance in 
health status in later life can be 
accounted for by food habits and the 
extent to which altogether culturally 
disparate food habits might be associ
ated with comparable levels of health . 
Communities under study include 
those in the place to which their 
culture belongs (e.g. Greeks in Greece, 
Chinese in China, Aboriginal 
Australian in Australia), and people out 
of cultural context (Greeks, Chinese 
and Anglo-Celtics in Australia, dislo
cated indigenous peoples in their coun
try). Such studies a llow an appreciation 
of food, cultural. and health resilience 
or susceptibility . For example it is 
possible to test whether there is an 
environmental effect or whether there 
is evidence of genetic (ethnic) differ
ences in the development of cardiovas
cular risk in the same environment. 

Elderly Greeks in Greece and 
Australia, Chinese in China & 
Australia, Anglo-Celtic & Aboriginal 
Australians 

Major causes of death 
According to 1981 mortality rates 

(1) Greek Australians live longer than 
native born Australians and Greeks in 
Greece, making them the 2nd longest 
lived population in the world (Japanese 
in Hawaii being the first) (2). Greeks in 
Greece aged over 75 have low death 
rat es from heart disease and cancer, 
but high rates of stroke and diabetes 
(1986 WHO). In 1982, Greek 
Australians aged over 65 maintained 
their low death rates of heart disease 
and cancer (although rates are on the 
increase, especially colonic and breast 
cancer with increasing length of stay 
(3), and in the new environment death 
rates from stroke had dropped. Chinese 
in China are similar to Greeks in 
Greece in that they also have low death 
rates of heart disease and high rates of 
stroke, the difference being the much 
higher rates of cancer in China (1988 
Encyclopedia Britanica). In 1982, Asian 
Australians aged over 65 showed a 
marked increase in heart disease death 
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rates but a drop in stroke and cancer 
rates in the new environment (1). 
Compared to both Greek and Asian 
Australians, Anglo-Celtic Australians 
aged over 65 have slightly higher dealth 
rates from stroke and cancer, almost 
twice the death rates from heart 
disease compared to Greek Australians, 
but equivalent rates to Asian 
Australians (1). Compared to non
Aboriginal Aus tralians, Aboriginal 
Australians have a lower life 
expectancy by about 20 years, have 
twice the rates of circulatory diseases 
and have one of the highest reported 
incidences of diabetes in the world (4). 

Food p a tterns 
Comparing intake of various foods 

by different cultures may provide some 
insight into country/culture specific 
disease patterns. So far, in the IUNS 
study, 104 ,(51 men, 53 women) Greeks 
in Greece aged over 70 , 440 (209 men , 

231 women) Chinese in Northern China 
(Tianjin) aged over 70, 54 (23 men, 31 
women) Aboriginal Australians aged 
over 50 (upper decile of population), 
have been studied and programmes 
near completion include 200 Greeks 
and 200 Anglo-Celtic Australians and 
200 Swedes in Sweden. The food intake 
data from Greece and China will there
fore be compared to existing data from 
the Victorian Nu trition Survey 
conducted in 1985 on 2935 people, of 
which 525 were aged over 60 (239 men 
286 women) (5). Although the food 
intake instrument used in the IUNS 
study was slightly different and the 
sample is aged over 70, it still allows 
one to observe crude difference in food 
intake (Table 1). The most striking 
differences are in the low in take of 
meat, fruit and dairy products, and 
high intake of cereal foods of the 
Chinese where as Greeks appeared to 
have a higher intake of most foods, 
especially fish, meat, legumes, cheese, 

TABLE 1 

Mean daily consumption (grams) of foods for Australians aged over 60 years (1 985) 

and for Greeks and Chinese aged over 70 years (1988) 


AUSTRALIA GREECE CHINA 
Victorian IUNS 1988 IUNS 1988 
Nutrition (6) (7) 
Survey 1985(5) 

FOOD Men Women Men Women Men Women 
g/day n= 239 n= 286 n= 51 n= 53 n= 209 n=231 

Meat 36 29 43 34 25 24 
Fish 14 11 42 34 13 7 
Egg 17 12 15 12 17 8 
Cheese 18 20 63 42 0 0 
Milk 24 1 256 94 107 5 5 
Yoghurt 10 22 32 35 0 0 
Cereal 196 154 252 170 350 310 
Vegetables 253 303 324 244 215 183 
Legumes 23 3 33 3 1 20 13 
Fruit 151 2 13 196 170 10 9 
Plant oil NA NA 52 39 23 20 
Lard NA NA 0 0 6.5 5.5 
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yoghurt and plant oil (mainly olive oil). 
The Anglo-Celtic Australian diet, 
although high in vegetables and fruits , 
is low in cereal foods. Minimal plant oil 
is used by Anglo-Celtic Australians , 
margarine being preferred as a spread 
on bread and for cooking. Both Chinese 
and Greeks do not use margarine , 
p lant oils are mainly used for cooking 
and lard is also used in cooking by the 
Chinese. 

According to the 1984 Australian 
Household Expenditure Survey, 
migrants from both Greece and As ia 
displayed a marked increase in expen
diture on meat (which for m igrant 
Greeks was even h igher than 
Australi a n born), as we ll as milk, 
margarine and fr u it (especia lly by 
Asians). These changes however have 
occurre d against a backgr ou nd of 
continued high vegetable and cereal 
intakes, as well as fish and use of plant 
oils (8). 

There are appreciab le differences in 
food sources between the 3 countries . 
Vegetable intake of Greeks is charac
ter ised by tomatoes , on ion, capsicum, 
and leafy greens (endives), where as for 
the Northern Chinese it is charac
terised by corn, bean shoots, Chinese 
cabbage and sweet potato and for the 
Anglo-Celtics by potatoes, peas, green 
beans and carrots. Cereal intake of 
Greeks is mainly supplied by wheat as 
bread and pasta, where as for the 
Northern Chinese it is mainly rice as 
well as wheat (which is plentiful in the 
North but not the South) in the form of 
steamed buns a nd n oodl es . An glo 
C eltic Australians (e specially the 
elderly) ma inly eat wheat as brea d a n d 
breakfast cereals with limited intake of 
pasta and rice . 

Aboriginal Australians 

The food qua lity of th e Aboriginal 
Australians studied was closely 
connected to the weekly payment of the 
pension ($Aust 100/week) whereby 

most food was purchased and eaten 
within 3 days of receiving their cheque 
which would be followed by minimal 
food for the remainder of the week. 
Such a food pattern could be due to a 
number of factors: (a) a natural inclina
tion of feast-famine; (b) inadequate 
budgeting skills; (c) food is eaten and 
all the money is spent before it may be 
used by relatives or neighbours to 
purchase alcoh ol (excessive alcohol 
intake is in eVidence in this commu
nity); (d) limited storage and refrigera
tion facilities. The main types of foods 
consumed on the plentiful days 
included: white damper (wheat flour 
and water mixture fried in oil or cooked 
In ashes), tinned corned beef, fried 
eggs, stewe d lamb chops, take away 
chicken and potato chips, boiled pota
toes, onions a n d minimal green vegeta
b les, jam, sugar, tea, milk powder, 
minimal margarine. On other days only 
damper, tinned corned beef, tinned 
spaghetti and tea w as consumed. 
Indigenous bush foods comprised less 
than 20% of total food intake (9) . 

Abo ut 500/0 of t otal energy is 
prOVided by sugar, beef, white flour and 
most of the fat is saturated fat from 
fa tty c uts of meat. Nutrients that did 
not reach 70% of the RDI included Mg, 
Zn, fo late, Ca, K , B6. Sodium intake 
was fo und to be 3 times the RDI, 
consumed mainly from the damper 
(Table 2). 

The im p ortance of food intake 
differences (a s well as food sources and 
food distr ib ution) between t he se 
cultures and changes upon migration 
or d islocation will be fu r ther investi
gated as data collection is completed in 
1992. For exa mple, of particular inter
est is the high c ereal in take of the 
Chinese, the high fi s h, legume and 
pla nt oil intake of the Greeks, the high 
margarine and low cereal intake of the 
Anglo-Celtics, and the limited fruit and 
vegetable intake and very high intake of 
cereal (white flour) and sugar of Aborig
inal Australians . 
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TABLE 2 
Comparison of apparent intake of nutrients in aboriginal Australians and wider 
Australian communities 

Nutrient 	 Wider 6 Remote IUNS Aboriginal 
Australian Aboriginal Australians (9) 
Community (10) Communities (11) 

Energy, kcal 3255 

Protein, g 100 
% energy 12 

Fat, g 133 
% energy 37 

Total carbohydrate, g 398 
% energy 49 

Simple carbohydrate, g 124 
% energy 15 

Cardiovascular risk - serum lipids. 
body fatness and blood pressure 

The following abbreviations have 
been given to the population groups for 
the purposes of comparison: 

GG = 	 Greeks in Greece, IUNS 1988, > 
70 yrs 

GA = 	 Greeks in Australia, IUNS 1991 
> 70 yrs 

CC = 	 Chinese in China, IUNS 1988, > 
70 yrs 

AC = 	 Anglo-Celtic in Australia, IUNS 
1988, > 70 yrs 

AB = 	Aboriginals in Australia, IUNS 
1988, > 50 yrs 

CA = 	 Chinese in Australia, 1989, > 
70 yrs 

Lipids 

There were no statistically signifi
cant differences in lipids between the 
population groups studied. This 
suggests that cholesterol and triglyc
eride concentrations may be indepen
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dant of environmental or genetic 
(ethnicity) influences in the aged popu
lation (Table 3). 

Body fatness 

The differences in body mass 
indices and waist hip ratios between 
the population groups studied, reached 
statistical significance (p<O.OOOl) 
(Table 4). Chinese in China and 
Australia had the lowest body mass 
indices and waist hip ratios and the 
Greeks in Australia had the highest. 
Nevertheless, compared to migrant 
Greeks, Asians in Australia have 
higher death rates from cardiovascu
lar diseases. 

Blood pressure 

The differences in systolic 
(p<0.0003) and diastolic (p<0.0013) 
b lood pressures between the popula
tion groups studied reached statistical 
significance (Table 5). Greeks in Greece 
and Chinese in Australia had the 
lowest diastolic blood pressure read
ings suggesting a possible genetic and 
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TABLE 3 
Mean serum lipids for elderly Greeks in Greece & Australia, Chinese in Australia 
and Anglo-Celtic Australians· 

CHOL TRIG HDL LDL LDL/HDL 

Men Women Men Women Men Women Men Women Men Women 

GG, men=40 

women=27 6.2 7.1 1.6 1.4 1.4 1.6 4.1 4.9 3.2 3.1 


GA, men=44 

women=34 6.1 6.3 1.3 1.3 1.3 1.5 4.2 4.2 3.5 3.0 


CA--, men=ll 

women=9 5.8 5.8 1.9 1.4 1.3 1.3 3.7 3.9 3.0 3.0 


AC, men=7 

women=9 4.9 7.0 1.1 1.8 1.5 1.5 4.0 4.7 2.6 3.4 


- mmol/l where appropriate 

-- Hage B, Wahlqvist ML, Oliver G, Balazs, N - Melbourne Chinese 

Health Study, unpublished data, 1989 


TABLE 4 

Mean body mass indices and waist hip ratios of elderly Greeks in Greece & 

Australia, Chinese in China & Australia, Anglo-Celtic & Aboriginal Australians 


BODY MASS INDEX WAIST HIP RATIO 
(weight/height2) (Umbilical/maximal 

gluteal Circumferences) 

27 

Women Men Women 

28 0.95 0.99 

GA, men=69 
women=76 27 29 0.97 1.02 

CC, men=209 
women=231 22 22 0.89 0.86 

CA, men=11 
women=8 23 22 0.95 0.94 

AC, men=7 
women=10 25 27 0.93 0.98 

AB, men=20 
women=22 23 27 0.97 
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TABLE 5 

Mean systolic and diastolic blood pressure· of elderly Greeks in Greece & Australia, 

Chinese in China & Australia, and Anglo-Celtic Australians 

Systolic Diastolic 

Men Women Men Women 

GG, men=41 
women=29 147 151 78 76 

GA, men=89 
women=75 154 154 82 83 

CC, men=209 
women=231 142 146 83 82 

CA, men=ll 
women=9 143 139 77 70 

AC. men=7 
women=10 151 148 84 

• Sphygmomanometer was used except for Chinese in Australia 
where a random zero device was utilised 
Units: mm Hg 

environmental interaction. Chinese in 
China and Australia had the lowest 
systolic blood pressure readings 
which implies a significant genetic 
influence. 

One of the most significant changes 
in cardiovascular risk which occurs on 
migration is the higher waist hip ratio 
of both Greeks and Chinese in 
Australia where more fat appears to be 
distributed on the abdomen compared 
to the parent countries. However, the 
operation of fatness on cardiovascular 
risk (blood pressure and lipids) would 
appear to be differential in a health 
context which is similar for cardiovas
cular mortality. The IUNS data confirm 
that food culture needs description to 
account for differential risk and health 
profiles. 

Linking food intake to cardiovas
cular risk and morbidity 

There is considerable differential 
between ethnic groups in each of food 
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intake, cardiovascular risk profile and 
cardiovascular morbidity. There 
appears to be both an interplay of envi
ronmen t and genetic factors in the 
expression of cardiovascular risk. 
However. it is difficult to discern one 
common sequence to link food in take 
to risk and then to mortality. other 
than by generation of broad categories. 
Therefore studies which explore this 
sequence cross-culturally allow the 
opportunity to discern more specific 
food-non food interactions in the deter
mination of mortality profiles . 
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Introduction 
Two of the major demographic 

phenomena of recent decades have 
been: (a) the growth of the elderly 
population (1,2); and (b} the growth of 
urban populations (3). 

By the year 2020 the proportion of 
population over 55 years of age is 
due to increase by 72% in developing 
countries (1). From 1950 to 2000, the 
population living in cities in the Thirld 
World will have increased from 16.7% 
to 43.5%, a 2.6-fold increase (3) . 

The increase in the number of older 
people has stimu1ated in teres t in 
survey studies such as the Dutch 
study (4) and the incompletely 
published findings from the European 
Community Concerted Action on Nutri
tion and Health in the Elderly (EC
EURONUT-SENECA) project. However, 
it is not known to what extent the diet
disease relationships of developed 
countries (5) are modified by genetic 
and environmental factors present in 
Third World countries. Furthermore, 
the nutrient requirements and nutrient 
intake recommendations specifically for 
persons over 60 years of age are still 
not precisely defined (6) . The gaps in 
our' knowledge of the aging process and 
the health of L~e elderly in a developing 
region of the world such as Latin Amer
ica are large (7). In developing coun
tries, we only have a few examples of 
surveys of elderly populations such as 
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the health and anthropometric survey 
in a suburban population in Coronado. 
Costa Rica (8) and t he morbidity 
surveys in Korea. the Philippines. Fiji 
and Malaysia (9). In Costa Rica. for 
instance. there is documentation of a 
high rate of obeSity in older females 
which is not occurring in males. Mean 
cholesterol levels are also close to 200 
mg/dl (8). In Asia and the Pacific coun
tries. a high prevalence of functional 
difficulties (chewing. hearing, seeing. 
walking 300 m) were uncovered but 
with differential frequency across 
nations. 

Some of the pitfalls associated with 
th e interpretation of studies on ageing 
and the elderly have been identified (2). 
It is possible to penetrate to the true 
intrinsic and extrinsic effects of aging 
only to avoiding confusion factors of 
selective survival, cohort effects, and 
differential environmental challenge. It 
is felt the comparative multinational 
and multicultural studies allow for a 
more profound understanding of the 
universal aspects of aging and the 
intrinsic and extrinsic modifiers. since 
t h e truly common elements can be 
extracted from contrasting geographical 
experiences (9). 

Declining mortality in infants and 
children and higher life expectancy in 
the last fifty years in developing coun
tries are changing the structure of the 
popula tion . The percen tage of the 



elderly in the population has increased 
and this trend is expected to continue. 
This increase will lead to soc1al and 
economic problems due to associated 
high risk of disability and morbidity 
and the need for medical services if not 
properly addressed. 

Cognisant of the fact that there are 
very few studies on the elderly in East 
Asia. and that nutrition plays a very 
important role in the well-being and 
health of the individual, East Asian 
countries (China. Indonesia. Malaysia. 
the Philippines and Thailand) and Latin 
American countries (Brazil. Mexico and 
Guatemala) decide to undertake a 
cross-cultural research on nutrition 
and the elderly. The research project 
will be carried out in the five East 
Asian and the three Latin American 
countries but shall also include collab
oration of three European countries. 
The Netherlands. Germany and Italy. in 
view of their experience and expertise 
in the EC concerted action on nutrition 
and the elderly. 

The cross cultural collaboration will 
permit the East Asian and Latin Amer
ican countries to characterise the 
elderly population chronologically as 
well as biologically. to describe the 
factors affecting the nutritional status 
of the elderly. to describe the non
nutritional factors that affect nutrition 
and health of the elderly; and to 
compare their findings. The informa-: 
tion collected will not only enrich the 
body of nutrition knowledge but will 
a lso serve as important inputs to poli
cies a n d programmes that can be 
designed to address the nutriUonal
health problems of the elderly. More
over. the cross cultural comparisons 
may enable the countries to determine 
the similarities and differences in the 
parameters used in the study wh ich 
can serve as database for planning to 
strengthen research in the field of 
nutrition particularly concerning the 
elderly. 

General objectives 
It is the general objective of the 

cross-cultural study to identify the 
nutritional situation of urban and rural 
elderly in developing countries to 
generate hypotheses which stimulate 
and strengthen further research 
networking between the participating 
research centres. 

Specific objectives 
1. 	 to describe and compare the socio

economic background of the elderly 
according to the 

• 	 region (East Asian. Latin Ameri
can and Europe). 

country. 


rural vs urban setting, 


• 	 income groups, formal educa
tion and occupation 

• 	 age (adult aged 35-40 years vs 
elderly aged 60-70 years). 

• 	 gender. 

2. 	 to describe the dietary intake and 
food habits of the elderly (24-hour 
recall and food frequency method). 
and the factors affecting these food 
habits. 

3. 	 to determine and compare the 
nutritional and health status of the 
elderly particularly in term~ of: 

a. 	 anthromometric measures. 

b. 	 haematologic measures 
(haemoglobin. haematocrit). 

c. 	 health status. including blood 
pressure 

d. 	 self- perceived health status 
and health problems; 

4. 	 to characterise and compare non
nutritional variables that effect the 
food intake. health and nutritional 
status of the elderly. specifically: 

a. 	 physical activities 

b. 	 social activities 
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c. 	 use of drugs. tobacco. etc. 

d. 	 socio-demographic-economic 
situation: 

5. 	 to elaborate hypotheses and 
research proposals for fu ture 
collaborative studies between the 
participating research centres. 

Population to be studied and 
design 

To meet these objectives. the study 
will be performed in selected rural and 
urban communities in East Asia and 
Latin America. The socio-economic
demographic characteristics of the 
chosen communities should be compa
rable to that of the national averages of 
the country for rural and urban 
communities. Because of possible 
drop-outs. at the beginning of the 
study the sample size should be chosen 
large enough so that at the end of the 
study data are available of at least a 
total of 200 rural and 400 urban indi
Viduals. The elderly age group of 60 
to 70 years should be compared with 
adults aged 35 to 40 years. Indepen
dently living rural and urban individu
als should be selected randomly. Urban 
individuals should have lived at least 5 
years in the urban area. All groups are 
differentiated by gender. Institution
alised urban elderly may be included 
into the study additionally. However. 
psycho-geriatric patients in nursing 

homes and those who are not able to 
answer the questions independently 
will not be considered in the study. 

Variables 
The study is cross-sectional in 

nature and is made up of two compo
nents: 

1. 	 Core which consists of the block 
for which data collections is obliga
tory for all centers: 

a. 	 community profile 

b. 	 socio-demographic-economic 
characteristics of subjects. 

c. 	 lifestyle: physical activity. social 
activity. percepcion on health. 
use of drugs. etc. 

d. 	 dietary intake - food and nutri 
ents 

e. 	 food believes and behaVior. 

f. 	 anthropometry - height. weight. 
skinfold (biceps. triceps. 
subscapular. suprailiac). 
circumferences (upper arm. 
waist and hip), armspan. knee 
height. 

g. 	 blood values of haemoglobin 
and haematocrit. 

2. 	 Optional. comprising the block for 
which additional data may be 
collected depending on the 
resources and capabilities of the 
cooperating/collaborating institu-

Urban Rural Total 

Low Middle 
income income 

60-70 Men 50 50 50 
years Women 50 50 50 

35-45 Men 50 50 50 150 
years Women 50 50 50 150 

Total 	 200 200 200 600 
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tions. This may include on more of 
the following: 

a. 	 blood analyses such as 

• 	 proteins (albumin) 

• 	 blood sugar 

• 	 lipids (cholesterol, HDL), 

• 	 vitamins (such as Vito A, B 
vitamins, Vito D, Vit. E, etc.) 

• 	 minerals (such as ferritin for 
Fe stores, etc). 

b. 	 basal metabolic rate determina
tions. 

Sophisticated and expensive analy
sis (e.g. for micronutrients) which need 
appropriated laboratory equipment 
shall be studied under the responsibil 
ity and expertise of the European 
research centres. 

Attempts will be made to assess the 
biological age of the indiViduals. The 
selection of appropriate and represen
tative indicator (s) is subject for further 
discussions. 

To obtain comparable data, meth
ods and procedures will be standard
ised. The country representatives will 
meet and agree on the prescribed 
methodology, after wh ich a manual of 
operations will be made and intensive 
training for research personnel will be 
conducted. The research protocols of 
the Euronut-EC concerted action on 
nutrition and health in the elderly and 
IUNS on nutrition and elderly will be 
us ed as guides and their research 
instruments where applicable may be 
adopted and u sed in the study. 

Research sites 
IndiViduals of both, urban and 

rural communities will be observed in 
the proposed study. However, for the 
sake of an accep table reliabili ty and 
accuracy the individuals of each study 
group will be either urban or rural. 
FollOwing research sites are chosen: 
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Urban Rural 

East Asia: 

China Beijing x 
Indonesia Jakarta x 
Malaysia Kuala Lumpur x 

Philippines I Manila 

Philippines II x 
Thailand Bangkok x 

Latin America: 
Brazil Sao Paulo x 
Guatemala Guatemala c. x 
Mexico Mexico C. x 

The methodology used in analysis 
of the specific data shall be formulated 
as identically as possible to the EC
EURONUT-SENECA study because 
these methodologies have been tested 
for applicability and reliability. In addi
tion this allows a comparison of the 
old European vs. the newly collected 
data from the developing countries to 
be drawn. However, the final decision 
about the detailed methodological 
procedure shall be made during the 
first workshop supported by the 
proposed research project, since the 
research protocol has to be adapted to 
the local conditions of each of the study 
sites. A first draft has been already 
elaborated during a workshop in Kuala 
Lumpur in September 1991. 

According to the follOWing shown 
graphic, the centres of the research site 
will have a vertical responsibili ty, 
meanwhile the European centres 
take over a horizontal responsibility, 
cross-cutting issues. The data shall be 
processed and analyzed by each associ
ated proposer of the study site sepa
rately. and Simultaneously according to 
the cross-cutting issue by the respec
tive European centre. 
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Safety issues for natural anticarcinogens in foods 

John N Hathcock 
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Abstract 

Safety issues for natural anticar
cinogens in foods may arise because of 
the biological activity of these 
substances. The anticarcinogenesis per 
se is safe because it is the inhibition of 
an adverse process. The biological and 
metabolic mechanism of the an ticar
cinogenic effect mayor may not have 
undesirable side effects. Much research 
data indicates that two major mecha
nisms of an ticarcinogenesis are 
through the antioxidan t effect and 
through enzyrne induction. Natural 
antioxidants in foods include ascorbic 
acid, tocopherols, carotenes, and a 
wide variety of nonnutritive antioxi
dan ts such as flavonoids, polyphenols 
and sulfur compounds. Because of the 
general toxicity of activated oxygen 
species, the process of antioxidation is 
frequently beneficial. These benefits 
include inhibition of the damage 
caused by activated forms of carcino
gens. The side effects which result [rom 
excessive intake of antioxidants depend 

on the chemical identity of the antioxi
dant, Le., the nonantioxidative effects 
of polyphenols are very different from 
those of sulfur compounds. Inducers of 
the cytochrome P-450 family of phase I 
enzymes, have many metabolic efects, 
including that of enhancing the 
metabolism of many carcinogens. 
These activities occur in endoplasmic 
reticulum of many tissues, but are 
highly active in the liver. At excessive 
intakes, many inducers cause pathol
ogy of the liver. This increased 
metabolism usually leads to decreased 
potency of the carcinogen. The 
increased activities of the cyctochromes 
P-450 and conjugating enzymes alter 
the metabolism of many substances 
other than carcinogens. For example, 
barbiturates and phenolic cornpounds 
alter the metabolism and increase the 
reqUirements for vitamin a and vitamin 
D. Selection of foods to increase dietary 
intake of natural anticarcinogens could 
have adverse effects. More research is 
needed to establish the optimal levels 
of natural anticarcinogens. 
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Abstract 

Mycotoxins produced by various 
species of Aspergillus, Penicillium and 
Fusarium are of public health impor
tance through contamination of foods 
and animal feed. Their seriousness can 
be assessed by analysis from reported 
cases of mild and acute fatal incidents 
of intoxications. Long term consump
tion of afla toxins and fumonisins 
contaminated foods have been corre
lated with high incidence of liver and 
esophagel cancer respectively. A recent 
case of presumptive acute fatal afla
toxin food poisoning occurred in Octo
ber 1988 in Perak, Malaysia with 
deaths of 13 children was associated 
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with consumption of 'loh see fun' (a 
Chinese noodle) from a common 
source. Afla toxins were detected in 
various organs of these children. 
Results of experiments carried out to 
determine the most significant point of 
high aflatoxin contamination in the 
sequential process of -loh see fun' 
manufacture will be discussed. 

Control of mycotoxin intoxications 
is dependent on proper agricultural 
practices of cultivation, processing and 
storage; technology of mycotoxin 
decontamination by physical. chemical 
and biological means and stringent 
legal limits of permitted levels of myco
toxins in human foods and feed. 
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Effects of enzyme inhibitors and antinutrients in 
foods 

Iwai K, Fushiki T, and Higuchi M 

Faculty ofHome Economics, Kobe Women's University, Higashisuma and The 
Department of Food Science and Technology, Faculty of Agriculture, Kyoto 
University, Japan 

The occurrences and properties of a 
variety of enzyme inhibitors and antin
utrients have been reported. However, 
little information is available on their 
oral effects on mammals. In this 
symposium. our recent work on the 
effects on rats of oral administrations 
of ovomucoid. known as a trypsin 
inhibitor in egg white. and of winged 
bean lectin. as an antinutrient, will be 
presented. 

During the course of our studies on 
the pancreatic enzyme secretion in 
rats, we found a new active peptide, 
designated "monitor peptide", in 
pancreatic juice. This peptide. which 
comprises 61 amino acid residues. is 
trypsin-sensitive and possesses chole
cys tokinin 'lCCK) (a polyp eptide 
hormone) releasing activity. The 
peptide is secreted with proenzymes 
into the duodenum from the pancreas 
via the pancreatic duct and is digested 
by trypsin in the proximal small intes
tine. During the postabsorptive state. 
this monitor peptide that is secreted 
from the pancreas is destroyed though 
digestion . However. when food protein. 
which is able to b ind with trypsin as 
substrate. comes into the lumen at a 
post-prandial phase, the monitor 
peptide which is a potent secretagogue 
for CCK. survives the digestive process 
in tact (1). owing presumably to the 

proteases being too busily engaged in 
the digestion of food proteins. On the 
other hand. Gibbs et al. in 1973 have 
reported that in traperitoneal (I.P.) 
injection of CCK reduced feeding in the 
intact rat and this suppression of feed
ing was dose-related for both solid and 
liqUid foods (2). These findings led us 
to investigate the effects of oral admin
istration of ovomucoid on rat food 
intake. As shown in Table 1. oral 
administration of ovomucoid was found 
to bring about a suppression of food 
intake, and the suppression was 
reversed by I.P. administration of a 
potent CCK antagonist. 0.2 mg of CR 
1409 per rat. 1 hour before feeding 
(Table 2). Also. during the feeding with 
ovomucoid, the rat plasma CCK levels 
were extremely elevated to 21.0 ± 5.4 
pg/ml after 30 min, 23.8 ± 10.7 pg/ml 
after 1 hour and 30.9 ± 10.4 pg/ml 
after 2 hours, while the control rat 
plasma CCK levels were 6.7 + 2.0 
pg/ml. 7.6 ± 3.1 pg/ml and 7.0 ±2.2 
pg/ml. respectively. The rat plasma 
CCK levels increased as the concentra
tion of ovomucoid increased in the diet. 
These results suggest that the ovomu
coid in the diet stimulated the secretion 
of intact monitor peptide in the lumen 
with the effect of raising the plasma 
CCK levels and suppression of food 
intake in the rat. 
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To investigate the effect of winged 
bean lectin, a fraction possessing high 
hemagglutinating activity, but with a 
negligible degree of trypsin inhibitory 
activity was isolated from the ripe 
seeds obtained from Thailand, and 
orally administered to growing rats in a 
basal diet containing 10 per cent 
casein. The food intake and body 
weights of rats decreased as the level of 
lectin increased and significant hemag
glutinating activity was found in the 
faeces with an antigenicity identical to 
that of the native lectin before its feed
ing. A high incidence of mortality was 

TABLE 1 

observed at higher levels of lectin 
within a short period. A 10 per cent 
level of lectin in the basal diet caused a 
Significant decrease in the activities of 
various intestinal enzymes and serious 
damage to the intestinal mucosa of the 
rats (3). Experimental results with 
highly purified winged bean lectin 

labelled with iodo [2_14C] acetic acid 
also indicated that the lectin remained 
intact in the gastrointestinal tract while 
a part of it was bound to the intestinal 
mucosa, the rest being excreted directly 
into faeces (4). 

Effect of coated ovomucoid on rat food intake 


Food intake 


Ovomucoid# Casein## 

6.7% 6.7% (control) 


0.5 hours 2.47 ± 0.93 g 3.42 ± 0.71 g. 

1 hour 4.44 ± 1.42 5.86 ± 1.59 • 

2 hours 7.05 ± 1.76 8.48 ± 1.80 • 

Values were expressed Means ± SD (n = 20J 

• Significant difference (p < 0.05) 

# Ovomucoid, 6.7 per cent, was mixed with a stock diet (Oriental Co Ltd, 
Type MF) and administered. Ovomucoid highly purified from egg white 
was coated with hydrozypropyl methyl cellulose phthalate in a weight 
ratio of 1 : 4 to avoid the influences of a sensory effect and of a possible 
digestion by stomach Juice 

## For the control diet, 6.7 per cent of casein was mixed with the same stock diet 
and administered. Casein was also coated as described above and used 
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TABLE 2 

Effect of CCK antagonist· on suppression of food intake by ovomucoid 

Food intake (g) 

Ovomucoid Casein (control) 

0.5 hour 3.85 ± 1.23 3.53 ± 1.46 

1 hour 4.15±1.12 4.33 ± 2.19 

2 hours 5.20 ± 0.76 5.50 ± 1.57 

3 hours 7.26 ± 1.17 8.01 ± 1.44 

4 hours 10.73 ± 2.46 11.89 ± 1.88 

Values were Mean ± SD (n = 10). 

• 	 CR 1407 (from Rotta Co.), as a CCK antagonist was given via I.P., 0.2 mg per 
rat, 1 hour before feeding. 
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Drug metabolism and toxicity in malnutrition 
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Introduction 
Human diets are a complex mixture 

of chemicals and essential nutrients . 
Both the nutrients and non-nutrients 
have the potential to alter metabolism 
and disposition of xenobiotics (1, 2). 
The xenobiotics in turn can signifi 
cantly alter the nutritional status. 
Thus the nutrient drug interac tions 
can result in altere d th erapeutic 
response in terms of efficacy and toxic
ity of drugs, chemically-induced 
diseases and nutritional stress. The 
duration and intensity of drug action 
depend on several factor's such as 
absorption, protein b inding, bio-trans
formation by the liver and other tissues 
and clearance by the kidney. The very 
basis of pharmacological action 
depends upon the concentration of 
drugs and its metabolites in the region 
of the receptor and their interactions. 
Over the past two decades, consider
able effort has been d irected towards 
the study of drug metabolism , and in 
vivo clearance of drugs in th e malnour
ished. (3). This review includes some 
of the recent issues concerned with 
drug therapy in malnourished h uman 
host in developing countries. 

Pathophysiology and drug 
metabolism 

Several pathophysiological changes 
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occur in protein-energy malnutrition 
and in major vitamin/mineral defi
ciency disorders (1, 3, 4) . A series of 
physiological , pathological, functional 
and biochemical changes are encoun
tered in several tissues. Therefore. one 
can contemplate changes in absorption 
in response to a variety of physiological 
changes in the alimentary tract; bind
ing, distribution and tissue concentra
tions of drugs as a sequalae to alter
ations in the body proteins and compo
sition; in hepatic and renal clearance 
of drugs due to altered structural and 
functional changes in the liver and 
kidney and ultimately the pharmacody
namic profile due to changes in the 
intermediary metabolism. endocrine 
alterations and immunological func
tions. The important drug nutrient 
interactions can be considered from 
five angles. (a ) The effects of food on 
absorption of drugs and drug absorp
tion per se in malnutrition. (b) Compet
itive binding to proteins and its phar
macokinetic and clinical significance. 
(c) Alterations in bio-transformation 
metabolic rates and clearance of drugs 
by both liver and kidney. (d) Therapeu
tic efficacy and toxicity of drugs. and 
(e) Drug-in duced nutritional deficien
cies . Th e above arises as a result of 
physical. physiological. bio-chemical 
and pharmacological in teractions 
between dietary components and xeno
biotics. 



Absorption 
A dru g given by enteral route, 

through processes such as disintegra
tion, dissolution, absorption and 
passage through the liver, reaches the 
systemic circulation. Both the quantity 
and quality of foods have been shown 
to enhance or decrease the bioavailabil
ity of a number of drugs such as anti
hypertensives, antibiotics, anti-inflam
matory compounds and anti-convul
sants (5, 6). Several mechanisms have 
been implicated in such food-drug 
in teractions. Absorption of drugs in 
malnutrition is yet another facet of the 
problem. Studies on anti-tuberculous 
drugs, anti-malarials, antibiotics and 
nutrients used as medicaments have 
shown that malnutrition delays and 
decreases absorption of such important 
medicaments which can result in ther
apeutic failures (6, 7). Further obser
vations suggest that the absorption of 
poorly available substances (as deter
mined by its in vitro characters) are 
much more impaired in malnutr ition as 
compared to b e tter available 
s ubstances. Thus the bio-pharmaceu
ti c characters of the drugs add to 
impaired absorption in malnutrition 
r es ulting in therapeutic failures (8, 9). 

Drug protein binding distribution 
The plasma is a complex solution 

containing different p roteins of which 
albumin and Ll acid glycoprotein are 

important as they transport endoge
nous and exogenous substances. The 
binding determines not only the ava il
ability of free drug but also the tissue 
d istribu tion of drugs . Malnutrition 
reduces the binding of acidic drugs to 
albumin (0) though its effect on basic 
drugs binding to L 1 acid glycoprotein is 

in the opposite direction ( 1) . In addi
tion to the distribution, plasm a protein 
binding can also alter the pharmacoki
netic parameters depending upon the 
metabolic characteristics of the drug. 
As the intensity of pharmacological 

effect is a function of the free drug in 
plasma, it may be surmised that in 
malnutrition, there will be an increase 
in the maximum intensity of the phar
macological effect while the duration of 
effect may increase or decrease 
depending on the dose and the mini
mum effective free drug levels and the 
time course of the free drug concentra
tion. Even though clinical information 
is scanty, it is obvious that the low 
clearance drugs, where binding is the 
limiting factor for clearance, the 
metabolism is directly proportional to 
the free drug concentration and there
fore several of the drugs tend to get 
either eliminated faster or slower 
depending upon the severity of 
malnourished state and its direct 
effects on bio-transformations. 

Bio-transformation of drugs 
The foreign compounds that enter 

the body are either excreted unchanged 
by the liver or the kidney or they 
undergo enzymatic reactions leading to 
inactivation. Several groups of 
enzymes participate in the bio-transfor
mation of drugs and endogenous 
substances. Estimates of relative 
safety, potential efficacy and extent of 
action can be predicted from the quan
titative studies on bio-transformation 
and the clearance of drugs from the 
body. 

Adequate nutrition is an important 
factor for proper handling of xenobi
otics. Experimental eVidences suggest 
that nutrients are required for 
metabolism of foreign compounds. 02, 
13). As it is difficult to extrapolate the 
experimental results to clinical situa
tions , studies have been designed to 
investigate the effect of nutritional 
factors in malnourished adults and 
children. 

Effect of protein-energy malnutrition on 
oxidative metabolism ofdrugs 

The bio-transformation of drugs 
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depend on the membrane bound Cyt P 
450 mediated Inonooxygenases, the 
flavoprotein NADPH Cyt P 450 reduc
tase and phosphatidyl choline which 
are an expression of genetic and envi
ronmental factors. The environmental 
factors may be physical, chemical or 
physiological in nature which either 
induce or inhibit the enzymes. A large 
number of nutrients are involved in the 
functioning of these enzymes (12,15). 
Clearance of prototype drugs such as 
antipyrine has been studied in several 
grades of malnutrition. In adults, it 
has been observed that in mild and 
moderate forms of malnutrition, the 
oxidative metabolism of drugs is in an 
induced state (16). The total body 
clearance of drugs such an antipyrine 
(16) , phenylbutazone (17), rifampicin 
(18), doxycycline (19) in undernour
ished appear to be much higher as 
compared to normal subjects. On the 
other hand, the clearance of antipyrine 
is significantly reduced in severe states 
of malnutrition as encountered in cases 
of famine oedema (16). 

Our recent findings on phynytoin 
metabolism, suggest that the rate of 
metabolism as determined by KM and 
V-max varies depending upon the 
severity of the malnourished state 
(unpublished). It is eVident that in 
individuals with albumin below 3g/dl, 
due to hepatic involvement V-mas is 
lower as compared to mild and moder
ately malnourished individuals with 
serum albumin levels between 3-4 
gldl, who in fact have a high clearance 
as compared to normals with albumin 
levels of 4 -4.5 g/dl. Drug oxidation in 
malnourished children with drugs such 
as antipyrine (20,21), theophylline 
(22,23), and phenobarbitone (24), 
yielded interesting results both before 
and after rehabilitation. In severe 
protein-energy malnutrition, n amely 
kwashiorkor and marasmus, a 
decrease in the enzyme levels and a 
reduced elimination of drugs from the 
body, which after rehabilitation 

improves and reaches near normal 
values have been documented. 
Caution needs to be exercised for drugs 
with narrow margin of safety and dose
dependant kinetics with severe toxic 
reactions. 

Effect ofmalnutrition on conjugation 
Conjugations appear to be a versa

tile system of reactions which regulate 
the elimination of toxic substances 
which include drugs and their metabo
lites and carcinogens. Though conflict
ing reports exist on conjugations, the 
general consensus appears to be that 
they are compromised in different 
grades of malnutrition. In addition to 
enzymes in vivo co-factor availability is 
also compromised. Chloramphenicol, 
paracetamol and sulphadiazine conJu
gations along with the D-glucuronic 
acid excretions confirm that conJuga
tions and clearance of drugs are 
impaired with accumulation in protein
energy malnutrition. (4,25). The 
enzyme studies in adults indirectly 
lend support to these observations with 
paranitrophenol conjugation being 
lower in individuals with low body 
mass index and serum albumin levels 
(26). 

Macronutrient effects on drug 
metabolism 

Studies on drug clearance in free
living populations are always difficult 
as several factors at different levels 
complicate the results. 

Metabolic studies on healthy 
subjects under controlled conditions 
can provide better information. Such 
studies on antipyrine, theophylline, 
(27,28), caffeine (29) suggest higher 
clearance of drugs when the energy 
percentage from proteins is in the order 
of 40-500Al as compared to 10-12% of 
protein energy in the diet. Fagan et al. 
(30) recently reported that high protein 
diet (40 energy °Al) can increase 
metabolism of even high clearance 
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drugs such as propranalol. Krish
naswamy et al. (31) have evaluated 
antipyrine and aminopyrine kinetics on 
varying protein and carbohydrate 
intakes. The results suggest that drug 
oxidations are impaired when the calo
rie intakes are 1.2 X BMR whereas at 
intakes of 1800 calories they remain 
unaltered. Protein energy percentage 
when increased from 10-20010 can stim
ulate the drug metabolism even on low 
calorie intakes while in subjects on low 
proteins, carbohydrates even if 
adequate does not maintain drug clear
ances in the normal. The non-nutrient 
components in the diet seem to be as 
important as the nutrients (32, 33). 
Drug diet in teractions therefore are 
quite complex and difficult to predict. 

Renal clearance 
Urinary excretion is the primary 

route of elimination of water-soluble 
compounds. Renal functional reserve is 
related to protein intake (34). Further 
diet-induced change in pH and ionisa
tion win also alter re-absorption of 
drugs. Aminoglycosides such as 
gentamicyn and streptomycin need 
extra care in severely malnourished 
children and adults (4). 

Toxicity in malnutrition 

One of the major concerns of 
modern therapy is adverse drug reac
tions. Several factors can contribute to 
the development of drug toxicity. Avail
able eVidence on animal experiment 
s u p port the view that malnutrition 
increases drug toxicity (35). The 
human studies on pharmacokinetics 
reinforce the findings and suggest that 
the malnourished are predisposed to 
more toxic reactions. 

Two of the recent studies on hepa
to t oxic reactions to drugs in India 
demonstrate a higher hepatotoxic reac
tion to a combination of rifampicin and 
INH both in children (36) and adults 
(37). Anthracycline-induced cardiomy

opathy was much higher in the 
malnourished (38) . Behavioural abnor
malities were high in malnourished 
children treated with phenaborbitone 
(24). Hypoalbuminemics tend to be 
more susceptible to drug toxicity (39). 
As essential nutrients and non-nutri 
ents co-exist in the diets, it is also 
important to consider the chemically
induced diseases such as cancer in 
relation to diet. The recent research 
efforts in this direction indicate that 
metabolic susceptibHity to carcinogens 
is much higher in the malnourished 
subjects (40, 41, 42) with micronutri 
ent deficiencies further increasing the 
risk of cancers. 

Drug-induced nutrient deficiencies 

Drugs can interact with specific 
constituents of diet, particularly nutri 
ents in several ways. Among the drug
nutrient interactions, those that induce 
significant nutritional defiCiencies as 
adverse reactions need to be considered 
particularly in malnourished popula
tion. A number of mechanisms are 
involved by which drugs induce nutri 
ent deficiencies, which include effects 
on intake, absorption, transport, 
metabolism, and excretion of nutrients. 
(44,45). The drug-nutrient interactions 
can often go unrecognised as many of 
them may be sub-clinical and rarely 
manifest. Our understanding on drug
induced disorders of bone and mineral 
metabolism are s till rudimentary. 
Rifampicin a potent inducer of microso
mal systems and isonicotinic acid on 
inhibitor of mixed function oxidase are 
often administered as first and second 
line of therapy in tuberculosis. 
Rifampicin, a potent enzyme inducer, 
has recently been shown to reduce 25 
(OH)D by 700/0, accompanied by 
increased oxidation of antipyrine and 
elevated beta-hydroxy cortisol (46). 
INH when used along with rifampicin 
has been demonstrated to result in a 
decrease in antipyrine clearance, fall in 
serum calcium and phosphate, 
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25(OH)D and elevated parathyroid 
hormone concentration (47). Our stud
ies on calcium phosphorou s levels 
along with bone densitometric studies 
in both wellnourished and undernour
ished patients of tuberculosis receiving 
INH and rifampicin clearly demonstrate 
that the adverse effects of these drugs 
are more in the undernourished. It is 
further suggested that the osteopenia 
can be prevented by a good diet (48). 

Conclusion 
It is evident that specific dietary 

components, nutritional status and 
environmental factors can interact and 
influence drug pharmacokinetics and 
dynamics in malnutrition. Such inter
actions in general can result in 
decreased therapeutic efficacy and 
increased susceptibility to toxic reac 
tions. Food-drug interactions in the 
gastrointestinal tract can alter the 
availability and the plasma drug 
concentrations. The nutritional effects 
on hepatic bio-transformations appear 
to have more impact in children with 
severe grades of malnutrition as 
compared to ad ults and mild and 
moderate forms of maIn u trition. 
Metabolic toxicity including chemical 
carcinogenesis and drug-induced nutri 
ent deficiencies are likely to be higher. 
Further studies are required on the 
prevalence of toxic reactions to drugs 
in the malnourished, as a variety of 
drugs are in use in clinical practice. 
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Introduction 
Almost 50 years ago, Studley (1) 

showed that a preoperative weight loss 
of more than 20% in patients undergo
ing surgery for benign chronic peptic 
ulcer was associated with a mortality of 
33.3% compared with 3.5% in those 
with a lesser weight loss. This observa
tion has been followed by others relat 
ing nutrient deficits or malnutrition 
and impaired host metabolic and 
immunological defence mechanisms. 
Despite numerous studies shoWing the 
link between deficient preoperative 
nutritional status and poor operative 
outcome, there appears to be no 
uniform acceptance that the use of 
perioperative nutritional support for 
either the malnourished patient or the 
patient at high risk of developing 
malnutrition is of benefit in decreased 
incidence of postoperative complica
tions. 

We will specifically examine: (a) the 
impairment in the malnourished 
patient; (b) the methods now used to 
identify malnourished patients preoper
atively; (c) those prospective studies 
which are limited to evaluating the use 
of perioperative (pre- or postoperative) 
n u tri tional support in pa tien ts 
already committed to operative inter
vention; (d) indications for nutritional 
support that are based on the primary 
diagnosis(es) and include all potential 
candidates for surgery, regardless of 

their nutritional status at time of 
hospitalisation; and finally (e) the 
disadvantages of perioperative nutri 
tional support. 

Physiological impairments in the 
malnourished patient 

Patients with a preoperative weight 
loss of more than 200/0 had a postoper
ative morality of 33.30/0 vs. 3.50/0 in 
those with lesser weight loss (1) . By the 
mid 1930's and early 1940·s. hypopro
teinaemia was documented as leading 
to delayed gastric emptying and 
prolonged ileus (2), increased incidence 
of wound dehiscence (3). delayed bone 
callus formation (4), and increased risk 
of infection (5). Subsequently. these 
early observations were extended to 
show that postoperative complications 
were more frequent in hypopro
teinaemia surgical patients (6), and 
that malnourished burned children 
had an increased risk of developing 
sepsis (7). Thus. in a variety of different 
subjects and with different insults, 
similar results were obtained. leading 
to the common conclusion that compli
cations are more likely to occur in the 
poorly nourished state. More recent 
studies have once more demonstrated 
this association in a variety of clinical 
settings (8-12). 

The mechanisms by which 
malnourished patients are more prone 
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to postoperative infections are often 
synergistic in producing their deleteri 
ous effects. Mechanical breakdown of 
the skin and mucosal barriers by surgi
cal incisions and manipulations lead to 
contamination by microorganisms and 
is unavoidable. Consequently, a normal 
host defence mechanism is essential to 
pre-functions incude reduced cell 
mediated immunity and inflamatory 
response (13) with decreases in 
humoral or antibody components (B
lymphocytes). cell-mediated compo
nents (T-Iymphocytes). phagocytic 
components (polymorphonuclear 
neutrophils. macrophages. reticuloen
dothelia\_system) and complement 
(direct or alternate pathway)(14. 15). 
The consequence of this impaired 
immunological state is an increased 
postoperative complication rate. 

Malnutrition also affects sKe'letal 
m'uscle function. A reduction of muscle 
bulk and muscle metabolism occurs; 
this is the most recognisable aspect of 
gross malnutrition. Impairment of the 
respiratory muscles leads to reduction 
of both the vital capacity and the rest
ing minute ventilation (16); moderate 
starvation alone has been shown to 
cause a significantly impaired hypoxic 
ventilatory response (17). Cardiac mass 
and contratility are reduced (18). Renal 
function may be impaired from a fall in 
glomerular filtration rate secondary to 
the malnutrition-related decrease in 
Circulatory volume (19). FibroplaSia is 
also reduced in malnourished patients 
with resultant delayed wound healing 
(20). Starvation decreases brain neuro
transmitters, leading to a state of 
apathy with diminished sense of self 
motivation (21). Thus, since malnutri 
tion has a deleterious effect on virtually 
every major system in the body, it is 
not surprising that increases in 
morbidity and mortality occur following 
operative trauma in malnourished 
patients. 

Identification of the malnourished 
patient 

Many anthropometric, biochemical 
and immunological tests and body 
composition analyses were developed to 
nutritionally assess a patient. However, 
no single nutritional index can fully 
characterise the extent of malnutrition. 
Therefore. several investigators have 
used a few simple tests in a stepwise 
regression analysis or in a discriminant 
analysis in order to increase the sensi
tivity and specificity of the diagnosis of 
malnutrition (9,10,22.23.24). Mullen et 
al. (22) and Buzby et al. (9) developed a 
prognostic nutritional index (PNI) to 
evaluate patient prior to operations for 
gastrOintestinal cancer. The PNI was 
based on serum albumin level, triceps 
skinfold thickness, serum trans~errin 
level, and delayed cutaneous hypersen
sitivity reactivity to three recall anti 
gens. Using this index, three risk 
groups of patients were identified: low 
(PNI < 400/0), intermediate (PNI = 40%
49%) and high (PNI > 50%). The inci
dence of all postoperative complications 
was 8% for the low, 30% for the inter
mediate, and 46% for the high risk 
groups. Mortality rates were 3%, 4.3%. 
and 330/0, respectively. In a subsequent 
study of perioperative TPN, the same 
authors reported a reduction in postop
erative complications, major sepsis and 
mortality in patients at high risk by the 
PNI criteria (23); the absence of inter
mediate effects suggsts that the Inap
propriately narrow PNI range of inter
mediate risk is notably not valid. 

Harvey et al. (24) formulated a 
hospital prognostic index using the 
diagnosis, serum albumin level, 
delayed cu taneous hypersensitivity 
reactivity. and the presence of sepsis. 
Ryan and Taft (25) studied serum 
albumin and transferrin levels, 
lymphocyte count and delayed cuta
neous hypersensitivity reactivity. No 
significant relationships were noted 
between changes in the measured 
indices and the incidence of postopera
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tive complications. 

A carefully performed history and 
physical examination has been 
proposed as the best available nutri 
tional assessment tool (26,27). Called 
'subjective global assessment', it was 
tested preoperatively in 59 general 
surgical patients. Nutritional status 
was assessed by the standard nutriti 
nal assessment techniques and was 
compared to the 'global assessment' 
performed by two physicians with a 
nutritional educational background. 
There was a significant association 
between the severity of malnutrition as 
judged by the physicians and that 
assessed by the nutrition assessment 
techniques. Furthermore, the 'subjec
tive global assessment' was related to 
outcome (infection) in the mild and 
severe malnourished patients with a 
78% sensitivity and 70% specificity. 
However, another group of investigators 
(28) using Similar techniqus, were able 
to confirm these results. 

Prospective studies 

We have identified 22 prospective 
studies on perioperative nutritional 
support in English from 1977 to 1991: 
nine papers on preoperative TPN vs 
Oral: two papers regarding preoperative 
TPN vs TEN. four papers on postopera
tive TPN vs Oral: two studies on post
operative TEN vs Oral; and five studies 
on postoperative TPN vs TEN. Not only 
were a wide variation in the amount of 
calories and nitrogen given, but also 
th e amounts given were not clearly 
stated in some reports . Hence , we have 
to assume for the purpose of this 
review that each investigator fulfilled 
the cardinal condition of nutritional 
support. namely. to meet each patient's 
energy and nutrient requirements. 

Preoperative TPN 

Holter and Fischer (29) studied 
56 patients with preoperative malnutri 
tion who had comparable operations 
for gastrOintestinal cancer. They found 

that the use of TPN prior to surgery in 
malnourished patients reduced the 
postoperative complication rate from 
19.2% to 13.3%. but this difference 
was not s ta tis tically significan t. A 
group of control patients who had not 
lost weight had only a complication 
rate of 7.1 % after operation. this differ
ence also was not significant. Mortality 
was 0% in the well-nourished patients, 
6.6% in the group receiving TPN, and 
7.6% in the malnourished patients not 
receiving TPN. This study, although 
generally well designed. suffered from 
the Type II statistical error. Moghisis et 
al. (30) demonstrated that preoperative 
TPN resulted in positive nitrogen 
balance, while patients receiving only 
an oral diet and intravenous fluids 
(Without amino acids) remained in 
negative nitrogen balance and had infe
rior wound healing. Heatley et al. (31) 
compared a high protein oral ward diet 
(n=36) to a treatment group receiving 
the same oral diet plus TPN (n=38) for 
7 -10 days preoperatively. There were 
no significant differences between the 
two groups when comparing preopera
tive weight loss, immunologic status or 
serum albumin levels. Total complica
tion rate was 35.4% in the study group 
and 83% in the control group (ns). 
Wound infection rate in the group 
receiving preoperative TPN was signifi
cantly less (p<0.05) at 7.7% compared 
to 30.5OJo in the control group. 
However, the incidence of anastomotic 
leakage was similar in both groups, as 
was a fairly high mortality rate. The 
authors reported that catheter compli 
cations (occlusion, infection or throm
bosis) were common but not generally 
serious. The authors concluded that it 
was doubtful whether the small reduc
tion in wound infection observed and 
the costs and risks of the procedure. 
justified the routine use of preoperative 
TPN in patients whose nutritional 
status was impaired by gastrOintestinal 
malignancy. 

Bellantone et al. (32) prospectively 
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randomised well nourished and 
malnourished patients with a variety of 
gastrointestinal diseases prior to resec
tive operation to receive either a stan
dard hospital diet or preoperative TPN 
for at least 7 days. The incidence of 
postoperative sepsis was similar in 
both control an study groups. However. 
when only malnourished patients 
were considered. those who received 
preoperative TPN had a lower incidence 
of postoperative sepsis (21 % vs 
S3.sok. p<O.OS) compared to their 
counterparts who did not receive TPN. 
In the subgroup of malnourished 
patients with gastric neoplasia. septic 
complications occurred in 1000/0 of the 
patients in the control group and in 
only 16.7% in the study group 
(p<O.OS). Postoperative mortality «SOk) 
was similar in both groups. 

In a prospective study evaluating 
12S patients with gastroin testinal 
carcinoma. Mueller et al. (33) 
randomised patients to receive either a 
regular hospital diet or preoperative 
TPN for 10 days. The diet contained 
2400 kcal/day. Sixty percent of all the 
patients were considered malnourished 
on admission (weight loss > Skg in the 
last 3 months. serum albumin <3.S 
g/dl and negative response to five skin 
tests), and the incidence of malnutri 
tion was similar in both groups after 
randomisation. While patients in the 
study group gained approximately 2 kg. 
the controls lost about 1 kg weight on 
average. Serum albumin was restored 
in the group receiving TPN. but 
decreased in the controls. The inci
dence of major complications (defined 
as intraabdominal abscess. peritonitis. 
anastomotic leakage and ileus) was 
significantly reduced in the TPN group 
(190/0 vs 11%. respectively. p<O.OS). The 
cause of pneumonia in the control 
group was not stated. bu t more 
patients required ventilatory support 
compared with the TPN group (p<O.OS). 
Operative mortality was 11% and 3°k. 
respectively (p<O.OS). The patients in 

the control group who developed post
operative complications were given 
TPN. 

Using study admission criteria 
based on the prognostic nutritional 
index (PNI) of Mullen et al. (22). Smith 
and Hartemink (34) randomised 34 
patients who had a PNI greater than 
300k to preoperative TPN or oral diet. 
After randomisation. the two groups 
were well matched for age. sex. and 
nutritional status. Major complications 
occurred in 3S.3% of the control group 
and in 17.6°k of the study group; the 
mortality rates were 17.6% and S.9°k 
respectively. However. neither differ
ence was statistically significant. prob
ably because of the insufficient number 
of cases. 

Meguid et al. (3S) designed a 
prospective trial to study approximately 
160 malnourished patients with solid 
tumors of the gastrointestinal tract. 
Patients were assigned to receive either 
preoperative TPN or a hospital diet. 
followed postoperatively by TPN in both 
groups to determine whether preopera
tive TPN alone in only malnourished 
patients resulted in improved postoper
ative clinical outcome. To determine 
the endpoint of biologically effective 
preoperative nutritional repletion. 
restoration to normal of abnormal 
muscle function was used. Muscle 
function was evaluated by electriclly 
stimulating the ulnar nerve to the 
adductor pollicis muscle at 10.20 and 
SO Hz with between 90 and 120 V. as 
previously described (36). FI0/F20 and 
relaxation rate (percentage force 
loss/10 ms at 20 Hz)! were measured 
on admission and then every other day 
in response to nutrient intake. until 
muscle-function tests were stable. 

The postoperative study endpoint 
was taken as the end of the inadequate 
oral nutrient intake period (IONIP}(37), 
when the patients were eating 600k of 
their preoperative estimated caloric 
reqUirements. at which point TPN was 
stopped. This figure was taken because 
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it represents restoration of gastroin preoperative TPN period. This improve
testinal tract function s ufficien t to ment is consistent with decreased 
allow the patient to consume enough muscle fa tiguability and an improve
n u trien ts to meet res ting ene r gy ment in s tamina (38). 
requirements, and a stage of convales
cence after which read mission for 
nutritional problems would not occur. 
Postoperative complications (defined as 
all complications requiring therapeutic 
intervention), death, and length of post
operative hospital stay were docu
mented. 

During the first 2 years of study. 3 
malnourished cancer patien ts were 
randomlsed to the control and 32 
patients to the study groups. Of the 34 
control patients. 19 had complicattons 
after operation; there were no deaths. 
Patients were started on an oral diet 
after the operation. and by day 12 
(range 7-30 d) ate 6 00/0 of their esti 
mated caloric reqUirements . They were 
discharged a median of 14 days (range 
9-30 d) after the operation. 

After admission. the 3 2 study 
patients received TPN (average intake 
4 0±3 kcal/kg and 0.3±0 .2g N/ kg/d). 
The endpoint of the preoperative TPN in 
the study group. defined as improve

, 	 ment on a previously abnormal muscle
function test, was reached at a median 
of 9 d ays. Aft er the operation. 10 
patients h ad a complica tion, a nd one 
death occurred. After the operation, 
patients were started on an oral diet, as 
deemed appropriate by their attending 
surgeon. and reached their endpoint of 
600/0 of estimated caloric intake on day 
8 (ra nge 7 -3 0 + d ) . Pa tien ts were 
d ischarged a median of 10 days (2-30 
d) after the operation. 

The study a dmission FI0/F20 of 
0. 56±.0.04 (M±SE) was within the 
normal range, bu t re laxa tion rate 
(8. 9±0.7) was consistent wi th tha t 
observed in subclinical postoperative 
malnutrition. With the delivery of nutri
ents b y TPN, FI0 / F 20 remained 
unchanged, but a significant (9<0.05) 
improvement occurred in relaxation 
rate. to 11.3±1.5 during the 9 day 

193 

Th e study was termina ted p rema
turely by the prinCipal investigator for a 
couple of reason s . The first was the 
repeated expressed bias of referring 
surgeons to have their patients partici 
pate in the study only if they were to be 
randomly assigned to receive TPN. 
underscoring the difficulty in perform
ing such studies. The other reason was 
the observation by the princi.pal 
investigator that in p atients 
ramdonised to receive TPN. numerous 
"flne-tuning" of physiological systems, 
prim arily pulmonary and cardiac, 
occurred by the p r imary surgeon 
during the preoperative TPN period in 
order to optimize the pa tient's condi
tion before th e upcoming operation, 
thereby introducing subtle factors that 
could a ffect clinical outcome but that 
were not relevant to nutritional reple
tion. 

Fan et al. (39) examined the efficacy 
of 2 weeks of preoperative TPN for the 
prevention of complications after opera
tion for esophageal cancer in 40 
pa ti ents. Th e r e were no significant 
diffe rences in age. nutritional status, 
tumor staging, or h istology between the 
two groups of patients . The use of 
preopera tive parenteral nutrit ion 
resulted in a significant gain in body 
weight but failed to produce an overall 
reduction in postoperative morbidity 
and mortality rates. However, patients 
receiving preoperative parenteral nutri 
tion exhibited two types of changes in 
serum albumin concentrations. Those 
wi th a fall in serum a lbum in concen 
trations ass ociated with an increase in 
body weight had a significantly h igher 
incidence of postoperative pulmonary 
complications than the group exhibit 
ing a rise in serum albumin concen
t rations concomitant with an increase 
in body weight. On th e basis of their 
data, t h e a u thors concluded that 2 
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weeks of TPN might not be adequate 
in certain patients and a longer period 
of 2 weeks of TPN was r equired; 
there was no clinical benefit from the 
routine use of preoperative TPN in all 
patients; and TPN may benefit a select 
group of patients. However, this group 
was not identified. 

More recently, the results of the 
long-awaited multicentre Veterans 
Affairs TPN study was published (40). 
Three hundren ninety-five malnour
ished patients requiring laparotomy or 
non-cardiac thoracotomy were 
randomly assigned to one of two 
groups. The study group received TPN 
for 7-15 days before the operation and 
3 days afterward. The control group 
received cystalloids and an oral diet, as 
indicated, for >3 days before the opera
tion and for the first 72 hours after the 
operation. Thereafter, TPN or tube feed
ing could be instituted, if clinically 
indicated. The patients were monitored 
for complications for 90 days there
after. The rates of major complications 
during the first 30 days after surgery in 
the two groups were similar. An 
increased rate of infection vs complica
tions occurred in patients categorized 
as either borderline or mildly malnour
ished, in whom TPN had no demonstra
ble benefit. In contrast, severely 
malnourished patients who received 
TPN had fewer noninfectious complica
tions than did control subjects (5% vs 
43% ; p=0.03), with no concomitant 
increase in infectious complications. 
The data showed that the use of preop
erative TPN in patients who are 
severely malnourished helped to reduce 
complications. It was further concluded 
that the use of preoperative TPN should 
be limited to patients who are severely 
malnourished unless there are other 
specific indications. 

From the above studies on preoper
ative TPN, it seems that significant 
improvements in the patient's nutri 
tional status occurs when TPN is given 
to severely malnourished patien ts in 

adequate amounts for >7-15 days. In 
most studies, fewer complications 
occurred in those patients receiving 
TPN. This was most clearly shown in 
study of Mueller et al. (33) and to a 
certain degree in the Veterans Affairs 
TPN Cooperative study (40). In other 
studies (22,32.40), preoperative TPN 
decreased the incidence of complica
tions after operative procedures in only 
the most malnourished patients. It is 
unlikely that TPN given for < 7 days in 
the preoperative period Will be effective 
in reducing postoperative complica
tions. Finally, these studies once more 
emphasise that the key issue may be 
suitable identification of the high-risk 
patient. 

Preoperative TPN vs TEN 

Lim et al. (41) randomised 24 
patients with total dysphagia from 
carcinoma of the esophagus to receive 
either TPN (12 patients) or TEN via a 
gastrostomy tube (12 patients) for a 
minimum for 3 weeks before operation. 
The lower morbidity and mortality 
obseerved in the TPN group did not 
reach statistical significance, in part 
probably because of the small 
numbers. Sako et al. (42) prospectively 
randomised 69 patients in a compari
son of TPN vs TEN for preparing 
patients with head and neck cancer for 
operation. Nutritional support was 
given for at least 14 days. Nitrogen 
balance was significantly better in the 
TPN group. Both groups had lower 
complications rates vs historical 
controls, but no differences were found 
with regard to postoperative complica
tions and mortality between the TPN or 
TEN groups. 

These two studies suggest that 
when given in adequate amounts in the 
preoperative period, there is no differ
ence between the enteral or parenteral 
route of nutrient administration as 
regards postoperative incidences of 
complications and death; although 
nutritionally supported patients had 
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fewer complications than historic 
controls. 

Postoperative TPN vs Oral Intake 

Collins et al. (43) compared intra
venous amino acids alone in one group 
vs oral In take in a second (control) 
group and TPN in a third (study) group, 
each of 10 patien ts having either 
abdominaloperineal resection of the 
rectum or panproctocolectomy. Weight 
loss before operation ranged from 0
300/0 and was equally distributed 
among the groups. TPN resulted in a 
shorter period for perineal wound heal
ing and a decrease in the incidence of 
postoperative sepsis, both Significantly 
(p<0.50) different from controland 
peripheral intravenous amino acids . 
Thus, the infusion of crystalline amino 
acids alone was not effective as TPN. 

Preshaw et al. (44) evaluted 
whether 6 days of TPN would reduce 
the incidence of colonic fistula after 
colonic anastomosis. The serum albu
min was above 3.5 gldl in both control 
and study groups. TPN infusion was 
started 24 hours before operation and 
continued until 5 days after operation. 
NO changes occurred in the nutrition 
indices evaluated before and after the 
operation in both groups. The inci
dence of radiologically detected anasto
motic leaks were: 170/0 in oral group 
and 33% in TPN group (ns). The 
authors stopped the study when 21 
pairs of patients had entered because 
they considered it unethical to continue 
a trial which would eventually show 
that TPN Is worse than standard post
operative therapy. 

Yamada et al. (45) compared post
operative TPN and oral intake in 
patients subjected to non-curative 
gastrectomy for advanced gastric 
cancer and then given chemotherapy. 
The survival rate for non-curative 
resection and the disease-free interval 
were both greater in the group receive 
TPN. In this study, TPN enabled the 

therapeutic dose of chemotherapy to be 
given, thereby explaining the prolonged 
disease-free interval. 

Woolfson and Smith (46) investi 
gated the possibility that morbidity and 
mortality might be reduced by giving 7 
days of elective TPN starting immedi
ately after major thoracoabdominal 
procedures or after total cystectomy. 
With a standard postoperative fluid 
regimen, TPN had no effect on morbid
ity, mortality, or duration of hospital 
stay in a group of 122 sequentially 
recruited patien ts. Although the 
authors thought that there may be 
certain patients who might benefit from 
postoperative TPN, they were unable to 
identify them with Simple preopera
tive assessment. The authors recog
nised that to test the efficacy of a new 
or different th erapeutic regimen such 
as TPN, > 1000 patients would be 
needed in each treatment arm to be 
900/0 sure of not missing a difference in 
beneficial effect, if one was present, at 
a type I significance level of 5%. 

The studies of Collins et al. (43) 
and Yamada et al. (45) suggest that the 
use of TPN in the postoperative period 
significantly reduces complications and 
deaths after major abdominal opera
tions as compared to oral intake. In 
contrast, Preshaw et al. (44) and Woolf
son and Smith 1(46) were unable to 
demonstrate any benefit of the use of 
TPN. Preshaw et al. evaluated only well
nourished patients in whom the ratio
nale for giving TPN is questionable, 
whereas Woolfson and Smith studied 
patients whose nutritional status was 
ambiguous. 

Postoperative TEN vs Oral Intake 

Although gastic dysfunction 
usually prevents early oral or gastric 
feeding after abdominal operations, the 
small bowel regains its motility soon 
after operation, allOWing its use for TEN 
as an alternative to TPN. Study groups 
received immediate enteral feeding, 
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while control groups were fed only after 
the apparent resumption of gastrOin
testinal fun ction. 

In the study by Sagar et a l. (4 7), 
Flexical R (Mead Johnson Nutritionals, 
Evansville , IN) was used in the postop
erative period and led to a reduction in 
weight loss. length of hospital stay and 
an improvement in nitrogen balance. as 
compared to controls . Moore and Jones 
(48) evaluated the use of Vivonex HN 
(Norwich Eaton Ph armace utic als. 
Norwich. NY) started immediately after 
operation. An enhance d n itroge n 
ba lance and an increased albumin level 
occurred with the group receiving TEN. 
However. in both s tudies. the immedi
ate postoperative daily caloric Intakes 
were greater in the TEN groups. hence 
the comparison was really or nutri
tional support versus none rath er than 
a true comparison of route. 

Both stu dies above have demon
stra ted improved surgical outcome in 
the groups receiving TEN in the postop
erative period as compared to controls. 

Postoperative TPN us TEN 

SInce both TPN and TEN have 
each been shown to effectively reduce 
nitrogen loss and provIde a greate r 
nitrogen and caloric in take as com pard 
to a n a d lib ora l d iet , the question 
arises as t o which i s more effective 
postope r ativ ely. Thus, a serie s of 
prospec tive r a ndomise d studies 
compared TPN vs TEN after abdominal 
operations (4 9 -53). Des pite som e 
metabolic differences encountered with 
the use of TEN or TPN in some of these 
s tudies (50, 52), the overall results 
indicated tha t they yield similar rates 
of morbidity. mortalIty and duration of 
hos pital stay when used post opera
tively, whether the patien ts underwent 
gas trOintestina l or pancr eticob il ia ry 
procedures or laparotomy for trauma. 

Thus, when enteral and parentera l 
nutrition were pros pectively compared 
in pa tien ts who could receive either. 

th ere was n o apparent advantage of 
one route of nutritional support over 
the other, and both seemed to be effec
tive in improving operative outcome. 

Use of perloperative nutritional 
support based on primary 
diagnosis 

If on e were to accept that perioper
ative nutrition wou ld be of benefit for 
r edUCing postop erative complications 
only in the rna nourished patients , one 
would falsely conclude that well-nour
ished patients are rarely, if ever , ca n di
date s for p erio perative nutritional 
support. In certa in clinical situations, 
th e indication for perioperative nutri
tional suppor t may b e based on the 
primary d iagn os is r egardless of 
patient's nutritional status at the time. 
General examples in cl u de the firm 
expectation of a p rolonged inadequate 
oral n u t rient intake p eriod follOWing 
operation (em bodying the concept of 
IONIP [54]), or s ituations in which the 
patie n t d evel ops a n acute c linical 
condition with concomitant nutr itional 
gas t r o intestinal trac t, since such 
pa tients ar e often potentia l candidates 
for one or more operations because of 
th e unpredictable clinical course of the 
primary diagnos is . 

A specific exam ple as to whether 
th e prImary diagnosis should affect the 
decis ion t o start perioperative n u tri
tional support on admission irrespec
tive of nutritional status is severe acute 
bilia ry pancreatitis , usually occurring 
in a previously otherwise h ealthy and 
well -nourished patient . This disord er 
frequently wa rrants long periods of 
b owel rest a nd one or maybe m ore 
operations. The early ins titution of TPN 
in th ese patien t s m ay p r event t he 
severe nutritional depletion that often 
follows severe p rotracted pancrea titis. 
as well documented by Blackburn et al. 
(55) . Even though TPN may have n o 
particular effect u pon the acu te disease 
process in the pancreas, TPN may serve 
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two useful purposes in the treatment of 
acute pan creatitis: (a) ma in taining the 
nutritional status of patien ts with 
protracte d gastrointe s ti nal tra c t 
dysfunction secondary to pancreatitis 
and its co-m orbidities, a nd (b) correct
ing pre-existing n u tritional ab normali 
ti es (56, 5 7). Since gastrointes tin al 
dysfunction may be further aggravated 
by the necessity of repea ted la paro
tomies , TPN s h ould th us b e s tarted 
once the diagnosis is establish ed, or at 
the latest, a fter the firs t lapa rotomy. 
The rep orted eVidence indica t es th a t 
p rompt and vigorous u se of TPN may 
b e cru c ial to th e su rvival of thes e 
s everely ill patien ts , partic u larly if 
op era tive interven tion is likely to be 
s ubsequ en tly needed. 

An othe r s pecific exam ple is the 
enterocu taneous fistula. These patients 
a re at h igh risk of d eveloping early 
malnutrition and often require multiple 
ancillary surgical procedures to a ssist 
fistula clos ure. The incidence of malnu 
trition among patients with enterocuta
neous fistulas varies from 200/0 to 74% 

(58) , a nd from 20% to 70% of these 
pa tien ts will r equire an operation to 
close the fistula (59, 60). Because the 
eventual need for operation is often 
unpredictable , n u tritional support is 
indicated in antiCipation of prolonged 
functional starvation due to long period 
without a normally functioning 
gastrOintestinal tract. There is a lso 
eVidence that nutritional support may 
promote spontaneous' closure of ente 
r ocutan eous fistulas in 20-80°10 of the 
cases, thus avoiding operation alto
gether (59-68) . 

A third specific example for periop
erative nutr itiona l s upport based on 
diagnOSis alon e is in in fl a mmatory 
bowel disease , particularly Crohn's 
disease. In a prospectiv ra ndomised 
study it was shown that 35% to 4 7% of 
the patients required surgkal proce 
d u r es (69). More recently, in a trial 
inclu ding 67 patients admitted with 
complications of Crohn's disease , oper

ation was necessary in 25% (70). Acute 
complications of inflammatory bowel 
d isease are thus con d itions in which 
operative in tervention may be needed: 
the benefi ts from TPN include bowel 
rest. maintenance of nutritional s tatus, 
or even replenishment of the nutrition
ally depleted patient. 1\vo groups have 
evaluated the use of preoperative TPN 
in the treatment of Crohn's disease. In 
a re trospec tive study including 30 
pa tients with Crohn 's disease, those 
who received preoperative TPN for at 
least 5 da ys h ad significantly fewer 
postoperative complications than those 
who d id n ot; a ll complica tions that 
occu r red were in those patients who 
h ave seve r e protein d epletion (71) . 
Forty-four patien ts with severe active 
Croh n' s d is ease and a b dominal 
masses , fi s t u la and / or obs truction, 
received preoperative TPN for a mea n 
per iod of 33 days (70) . The authors 
noted sign ificant improvements in body 
weight, plasma a lbu min and to t a l 
proteins , and rem ission s in the active 
inflammatory proc ess . No d eath 
occurred; the major complication rate 
was only 6%. Although the ben eficial 
effects of preoperative TPN reported in 
these retrospective studies have not 
bee n confirmed in prospective 
rando m ised studies . they s uggest 
strongly tha t perioperative nutritional 
suppor t may be an impor tan t adjunct 
to the s urgical treatmen t of innamma
tory bowel disease. 

Disadvantages of the use of peri
operative nutritional support 

The databas e u p on whic h th e 
surgeon will make h is decision as to 
whether or not perioperative nutritional 
support is indicated mus t also con sider 
the potential disadva ntage s of t h e 
methods. These fall into two major 
groups; safety of perioperative nutri 
tional support, and cost. 

A detailed d iscussion of the com pli 
cations assOCiated with TPN or en tera l 
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nutrition is beyond the scope of this 
review. However, perioperative nutri 
tional support is indicated on an elec
tive basis for patients who will be 
submitted to a well-planned operation 
and therefore, the risks of mechanic, 
septic or metabolic complications asso
ciated with TPN in such patients are 
probably low. The arguement for the 
use of perioperative nutritional support 
on an elective basis is reinforced by 
studies reported above in which few 
complications directly related to the 
nutritional support occurred. In the 
meta-analysis reported by Detsky et al. 
(72), the risk of developing an iatro
genic complication secondary to TPN 
intervention was 6.7% ; although most 
of these are minor complications. 

The second potential disadvantage 
of the use of perioperative nutritional 
support is the cost involved; this 
requires consideration of the cost-effec
tiveness of this treatment. The direct 
costs of TPN include those of catheter 
insertion, roentgenograms. intravenous 
solutions, hepaarin, laboratory tests 
and hospital stay. The additional costs 
exclusively related to TPN in hospi
talised patients were reported to range 
from $75 to $503 per day (73, 74) . The 
cost-effectiveness of preoperative TPN 
has been estimated to reduce (74) or to 
increase (75, 76) the total hospitalisa
tion cost per patient. The cost-effective
ness ratio will obviously improve when 
the attributed benefit of TPN in risk 
reduction of a certain disease state 
improves. According to Detsky et al. 
(75), the costs of TPN are substantially 
higher if a low estimate for risk reduc
tion (1.e., 200iO) is used. Therefore, these 
calculations stress the need for careful 
patient selection in order to improve 
the cost-effectiveness of perioperative 
nutritional support. 

Summary and conclusions 
Analysis of the studies described 

above suggest that 2-3 days of preoper
ative TPN does not improve outcome, 

while TPN for 5-7 days may influence 
outcome, and more than 7 days of 
preoperative TPN is associataed with 
significant improvement in reduction of 
postoperative morbidity and mortality; 
provided that adequate amounts of 
nutrients are given to patients at high 
risk. When a functioning gastrointesti 
nal tract permits, preoperative TEN 
appears to be as effective as TPN in 
nutritional replenishment. The use of 
postoperative nutritional support by 
either TEN or TPN yields reduction of 
postoperative complications as 
compared to postoperative ad lib oral 
nutrition. Finally, it is proposed that (a) 
there exists a group of patients at high 
risk for complications and death from 
their disease, regardless of their nutri~ 

tional status, (b) that they can be iden
tified on admission even though they 
are only potential, not all actual, candi
dates for operations, and (c) in these 
patients the prompt initiation of enteral 
or parenteral nutrition may notably 
reduce hospital morbidity, length of 
stay, and mortality. Research needs to 
focus on two primary areas: (1) Devel
opment of refined criteria for patient 
selection; and (ii) Development of 
specific and sensitive criteria for the 
determination of nutritional depletion 
and. more important, for nutritional 
repletion. 
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The role of dietary fibre in cancer 
remains unresolved. Ecological data 
would tend to support the original 
hypothesis of a protective role (1) but 
reviews of the overall epidemiologic 
data provide no unanimity as an even 
more recent review (2) points out. The 
original hypothesis did not take in to 
consideration the varied nature of 
dietary fibre nor of its many metabolic 
effects. Furthermore, in human 
subjects fibre intake reflects the intake 
of fibre-rich foods which contain a vari
ety of other components which may 
also influence carcinogenesis. The 
possible effects of dietary fibre in the 
human colon are summarized in Table 
1. 

TABLE 1 

Effects of dietary fibre in the human colon 

Dilution of colonic contents could 
result in dilution of carcinogens or co
carCinogens and reduction of the possi
bility of their interaction at the cellular 
surface. Short chain fatty acids, espe
cially butyriC. can suppress cell prolif
eration. Effects on amount and type of 
colonic bacteria can influence bile acid 
and ammonia metabolism which can. 
in tum. affect carcinogenesis. 

Fibre enhances faecal energy loss 
(3). Thus. in effect. it reduces available 
calories. Caloric restriction has been 
studied since 1909 and has been 
shown to inhibit spontaneous. trans
planted or induced tumours in mice 
and rats. The earliest studies (4) led to 
an interest in this modality which 

Increases faecal weight 

Increases frequency of defaecation 

Decreases transit time 
Dilutes colonic contents 
Increases microbial growth 
Alters energy metabolism 
Adsorbs organic and inorganic substances 
Decreases dehydroxylation of bile acids 

Produces H2. CH4 . C02 and short chain fatty acids 
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lasted for about a decade and then 
waned until Tannenbaum's studies in 
the 1940's which revived interest (5). 
But that interest, too, lasted for only 
ten years. Since 1982 we have been 
working in this area and interest is 
again renewed. With every return to 
this area of study we know more about 
causes and mechanisms of carcinogen
esis so that we learn more about the 
mechanisms underlying the effects of 
caloric restriction. 

In 1943 Lavik and Baumann (6) 
studied caloric restriction in mice 
treated with methylcholan threne to 
induce skin tumours. When the diet 
was low in both fat and calories no 
tumours were observed. A diet high in 
calories but low in fat led to 93% more 
tumours than one low in calories but 
high in fat. Calories played the princi
pal role. 

In our early experiments we tested 
the effects of 400/0 caloric restriction on 
growth of DMBA-induced mammary 
tumours in female Sprague-Dawley 
rats and DMH-induced colon tumours 
in male ' F344 rats. The calorie
restricted diets were designed to 
provide the same levels of protein, 
fibre, vitamins, and minerals as did the 
control diets. The restricted d iets 
contained 2.15 times as much fat, 
however. Still the total fat contents of 
the diets were modest. At 400/0 caloric 
restriction in diets containing corn oil 
mammary tumorigenesis was reduced 
by 75% and colon carcinogenes is by 
47%. When the dietary fat was mostly 
coconut oil. the reductions were even 
greater. Still, 40%> caloric restriction is 
drastic so the next study was aimed at 
determining effects of step wise 
decrease in calories - by 10. 20 a n d 
30%. The diets were s till low in fat 
(5%). Ten percent caloric restr iction 
did not reduce mammary tumour inci
dence but reduced tumour mUltiplicity 
and tumour burden by 43 and 47% , 
respectively. At 20% restricti on 
tumour incidence was reduced by 33% 

but tu mour multiplicity and burden 
were only 7 and 130/0 lower than on 
100/0 restriction. At 3 0% restriction, 
tumour incidence was 42% below that 
of the controls but tumour multiplicity 
was 72%> lower and tumour burden 
91% lower. It was clear that the major 
effect occurred between 20 and 30% 
caloric restriction. The next experi
men t, was conducted to determine if 
caloric restriction exerted its effects in 
the face of a high fat diet. T h r e e 
control groups of rats were fed 5 , 15 or 
20% c or n oil and two grou p s were 
subjected to 25% caloric restriction and 
fed 20 or 26.7% corn oil. Thus, they 
ingest the same amount of fat daily as 
did rats fed 15 or 200/0 com oil ad libi
tum. In the control groups increasing 
levels of dietary fat led to increasing 
mammary tumour incidence, multiplic
ity and burden. In rats fed 26.7% corn 
oil and calorically restricted by 250/0 
tumour incidence (compared to rats fed 
20% fa t ad libitum) was reduced by 
63%, tumour multiplicity by 88% and 
tumour burden by 81%. Clearly , 
caloric restriction was effective even in 
the face of a h igh fat diet. 

We have al so show n , as have 
others, that caloric restriction insti 
tuted a t a ny sta ge of the experiment 
has a positive effect. 

What is the mechanisms? In our 
studies we found that plasma insulin 
levels were significantly reduced in rats 
subjected to energy (calorie) restriction. 
The reduction is observed within one 
week of institution of the restricted 
regimen and is maintained throughout 
the duration of the studies. Levels of 
p lasma IGF-I are reduced fo r a few 
weeks then revert to normal and levels 
of plasma IGF-II are unaffected. Exper
iments to test the role of insulin are in 
progress. 

H ow d oes thi s r e la t e to h uman 
carcinoma? In a study con ducted in 
Canada (7) it was fo und that risk of 
colon cancer in men was a lmost 
doubled in going from diets containing 

204 




TABLE 2 

Caloric restriction in carcinogenesis 

1. 	 Human epidemiological studies show increasing relative risk of colon cancer 
with increasing caloric intake. 

2. 	 In rats caloric restriction by as little as 1 00/0 ha~ beneficial effects. 

3. 	 In rats caloric restriction by 250/0 or more leads to significant reductions in 
tumour incidence, tumour multi plicity and tumour weight. 

4. 	 The caloric restriction effect is independent of level of fat in the diet. 

5. 	 Caloric restriction reduces plasma insulin levels which may be one of the mech
anisms by which it works. 

less than 2485 k cal/ day to diets J Nutr 1970; 24: 517-535. 
con taining more than 3255 kcal/ day. 4. 	 Moreschi C. Z Immunitatsforsch 
In women, going from below 176 0 1909; 2: 651-675. 
kc al / day to above 2360 k ca l/ day 

5. Tannenbaum A. In: Homburger F,increased relative risk by a fac tor of 
Fishman WH, eds. The Pathophys2.2 . A British study (8) found r ela tive 
iology of Cancer. New York: P.B.risk in men going from 1.0 to 2.3 as 
Hoeber. Inc. 1953; 392-437.calor ic intak e change d from below 

1936 kcal/day to above 2486 kcal/day. 6. Lavik PSt Baumann AC. Cancer 
A recent American study (9) has simi Res 1943; 3: 749-756. 
larly striking findings in both men and 7. 	 Jain M, Cook GM, Davis FG, Grace 
women and conclu des: "T otal energy MG, Howe GR, Miller AB. Int J
inta ke must be evaluate d b efore Cancer 1988; 26: 757-768. 
attempting to assign a causal role to 

8. 	 Bristol JB, Emmett PM, Heatonany food or nutrient that may be postu
KW, Williamson RCN. Br Med Jlated to playa role in colon cancer." 
1985;291: 1467-1470.

Conclusions are summarized in 
9. 	 Lyon JL, Mahoney AW, West DW,Table 2. Several reviews of the effects 

Gardner JW, Smith KR, Sorensonof caloric restriction on carcinogenesis 
have been published (10-12). AW, Stanish W. J Nat Cancer Inst 

1987; 78: 853-861. 
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Introduction 
In 1982. the Committee on Diet. 

Nutrition. and Cancer of the U.S. 
National Research Council concluded 
"that of all the dietary components it 
studied. the combined epidemiological 
and experimental evidence is most 
suggestive for a casual relationship 
between fat intake and the occurrence 
of cancer" (1). More recently. the 
importance of dietary fat in breast 
cancer has been questioned. mainly 
because of the variable results obtained 
in cohort and case-control studies. The 
aim of this brief review. is to present 
evidence for and against the hypothesis 
that dietary fat acts as a promoter of 
mammary cancer and thus increases 
the risk of breast cancer in humans. 

Experimental and 
epidemiological evidence 

Beginning with the work of Tannen
baum (2). many experimental studies 
over the past fifty years have shown 
that mice and rats fed high-fat diets 
develop mammary tumours more read
ily than those fed low-fat diets (3-7). 
This effect of dietary fat appears to be 
exerted mainly at the promotional stage 
of carcinogenesis. since mammary 
tumour yields can be enhanced by 
feeding a high-fat diet only after expo

sure to a carCinogen (4) and since the 
effect has been observed for mammary 
tumours induced by a variety of 
carCinogens as well as for spontaneous 
mammary tumours (8). 

These experimental observations. 
together with epidemiological evidence 
of a strong positive correlation between 
dietary fat and breast cancer incidence 
and mortality in human populations 
(4.8-10) have stimulated much Interest 
In the role of dietary fat in breast 
cancer (1.11) and have led to an expo
nential increase in the number of 
publications on the subject (12). 

Observations on migrants from 
Europe and Asia to the United States 
and Australia (13 .14). and on time
trend studies within a country such as 
Japan (15.16) have indicated that the 
correlation between dietary fat and 
breast cancer Is related to environmen
tal rather than genetic factors. Both 
types of studies have shown that breast 
cancer incidence increases with 
increasing intake of dietary fat. 

In contrast to these intercountry. 
migrant and time-trend studies. 
prospective cohort studies have 
provided only weak or in some cases 
negative eVidence of an association 
between dietary fat and breast cancer 
(1, 11). One of the most influential 
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cohort studies is that of Willett et al. 
(17) who used questionnaires to follow 
the dietary intake of nearly 90,000 
nurses in the United States over a slx
year period. They found that, if 
anything, there was a negative correla
tion between breast cancer and estI
mated d ietary fat intake. Another 
cohort study of more than 5,000 
women who participated in the 
NatIonal Health and Nutrition Exami
natIon Survey I (NHANES I) likewise 
showed a significant negatIve associa
tIon between dietary fat and risk of 
breast cancer in a ten-year follow up 
(18). In a study involving a twenty-year 
follow up of approximately 4,000 
subjects chosen from a larger cohort 
involved in a dietary survey, Knecht et 
al. (19) reported a non-significant nega
tive correlation between dietary fat and 
the risk of breast cancer, which became 
positive when adjusted for energy 
intake. Howe et al. (20) also reported a 
trend toward increased risk with 
increasing levels of dietary fat in a 
sample selected from a cohort of more 
than 55,000 women involved in a 
breast screening intervention trial. 

Early case-control studies, like the 
cohort studies, failed to provide strong 
evidence of an association between 
dietary fat and risk of breast cancer 
(11). A number of additional case
control studies have been reported 
within the pas t few years from 
Argentina (21), Australia (22), Canada 
(23), China (24), Denmark (25), France 
(26), Greece (27), Italy (28), The Nether
lands (29), Russia (30), Singapore (31) 
and the United States (32). Some of 
these have shown a positive association 
between dietary fat and risk of breast 
cancer (21,23-26,28,29) while others 
have not (22, 27, 30-32). In a 
combined analysis of twelve studies, 
Howe et al. (33) found a consistent, 
s tatistically positive correlation associ
ated with dietary saturated fat and 
breast cancer in postmenopausal 
women. 

In terven tion studies represent 
another and more promising approach 
to studying the influence of dietary fat 
on breast cancer. There are as yet 
insufficient data from such studies to 
indicate whether decreasing the level of 
fat in the diet will reduce the risk of 
breast cancer. The studies have 
shown, however, tha t women given 
dietary counselling will reduce their 
dietary fat intake and remain on a low
fat diet for extended periods of tIme 
(34-36), although it would be desirable 
to extend this evidence to a broader 
socioeconomic group. In additIon to 
studies on women at high risk of breast 
cancer, efforts are being made to deter
mine whether a low-fat diet can help 
prevent recurrence in cancer patients 
(37). 

Discussion 

In attempting to deCide whether 
dietary fat has a significant influence 
on breast cancer, it is important to 
consider why cohort studies and case
control studies have not supported this 
association as strongly as the inter
country comparisons. Various sugges
tions have been made to account for 
these differences (38-42). 

For intercountry studies, dietary fat 
intake is normally estimated from 
disappearance data (43). This is a rela
tively crude method but when 
expressed as per cent of total calories, 
the results give a reasonable approxi
mation to those obtained by more rigor
ous methods (44). The estima t ed 
intakes for different countries cover a 
relatively Wide range from less than 
10% to more than 40% of total ca[ories. 
Although indiViduals in any given 
country may differ conSiderably in their 
fat intake, there will probably be rela
tively little overlap between countries 
with markedly different average 
intakes. 

In cohort and case-control studies, 
dietary fat intake is commonly esti 
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mated from diet records provided by 
individuals. This method is also rather 
inaccurate, particularly when it is used 
to estimate past dietary intakes. 
Furthermore, because the range 
covered in such studies is usually 
much less than for intercountry stud
ies, the probability of overlap between 
the groups being compared is much 
greater. 

Data on breast cancer incidence 
and mortality are probably much better 
for some countries than for others and 
this could introduce errors in the inter
country studies. This is not likely to be 
a problem in cohort and case-control 
studies, Nevertheless, a country such 
as Japan, which main tains good 
records on cancer incidence and 
mortality, has less breast cancer as 
well as a lower fat intake than Western 
industrialized countries. 

Case-control studies have been 
Widely used to study effects of dietary 
fat on breast cancer, but it appears 
that they may not be well-suited for 
studying effects on cancer promotion, 
which is the stage of carcinogenesis 
thought to be influenced by dietary fat. 
In such studies the cases are prese
lected, and because they have already 
developed cancer, they must have had 
adequate initiation as wen as promo
tion for this to occur. The controls 
have not developed cancer and it is not 
possible to say whether this is because 
of lack of initiation or promotion. Since 
only about one woman in ten develops 
breast cancer, even in countries with 
the highest rates, a large proportion if 
controls selected at random would not 
be expected to develop the disease even 
on a high-fat diet. This could be due to 
inadequate initiation or lack of genetic 
susceptibility. On the other hand, 
cases consuming a lower fat diet may 
have developed breast cancer because 
of greater exposure to initiating stimuli 
or higher genetic susceptibility. 

Cohort studies and intercountry 
studies do not suffer from this disad

vantage because the cases are not 
preselected. In comparing the popula
tions of two different countries, it 
seems reasonable to assume that each 
population will contain many individu
als who are unlikely to develop breast 
cancer under any circumstances, 
whereas somewhat similar proportions 
of the populations of each country have 
increased susceptibility so that their 
likelihood of developing cancer depends 
on their degree of exposure to promot
ing agents. It is thus possible in such 
comparisons to observe the effects of 
promoting agents even though individ
ual members of the population vary 
greatly in their susceptibility to cancer 
as a result of their inherent genetic 
characteristics and/ or exposure to 
mutagens and carcinogens. 

One of the problems in all types of 
epidemiological studies is the complica
tion of confounding factors. It is 
particularly difficult. for example, to 
dissociate effects of dietary fat from 
those related to caloric intake, since 
high-fat diets are energy-rich and there 
is a strong positive correlation between 
fat intake and caloric intake (4). Thus, 
it has been suggested that the observed 
effects of dietary fat on carcinogenesis 
are primarily due to differences in 
caloric intake (45,46) . Experiments on 
animals have demonstrated a require
ment for n-6 essential fatty acids in the 
promotion of mammary cancer by 
dietary fat (47), but the effect also 
seems to depend on the level of dietary 
fat (48) and this may be related to 
caloric intake. The feasibility trials with 
low-fat diets in women (34,35) have 
shown that caloric intake decreases as 
the level of dietary fat is reduced, 
perhaps because of the more bulky 
nature of the low-fat diets, and this 
may be a more practical way of reduc
ing caloric intake than restricting the 
intake of a high-fat diet. 

It is noteworthy that Willett et al. 
(49 ) fo und a posi tive correlation 
between dietary fat and colon cancer in 
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the same cohort that failed to show a 
relationship with breast cancer (17). In 
studies on migrants and in time-trend 
studies. the incidence of colon cancer 
also tends to change more rapidly than 
does than of breast cancer (16). The 
reasons for this difference are not 
known. but one possibility is that 
breast cancer has a longer latent period 
than colon cancer. and that dietary 
intake during an earlier time period is 
more important for breast cancer. 
Evidence that breast cancer is influ
enced by factors such as age of menar
che and age at first pregnancy is 
reason for thinking that breast cancer 
may often be initiated at a relatively 
young age (50.51). 

More credence could be given to a 
role for dietary fat in breast cancer by 
providing a mechanism that could 
explain how its effects are mediated. 
Numerous mechanisms have been 
suggested. including effects on sex 
hormones and their receptors. on 
prostaglandins. on lipid peroxidation. 
and on membrane fiuidity and cell-cell 
interactions (52.53). Another recently 
proposed mechanism is based on 
evidence that the adipose tissue of the 
mammary gland has a marked influ
ence on growth and proliferation of the 
epithelial tissue in which cancers arise 
(54). Because adipose tissue is the 
major site of energy storage. it will tend 
to reflect differences in energy balance 
more generally than overall body 
weight. Changes in the amount and 
composition of mammary adipose 
tissue resulting from differences in 
dietary fat may thus affect mammary 
tumorigenesis. This theory could also 
help to explain effects of other dietary 
factors as well as effects of caloric 
restriction and exercise on mammary 
cancer (55-57). 
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Nutrition initiator and promotor on liver 
carcinogenesis 

Panata Migasena 

Department of Tropical Nutrition and Food Science, Faculty of Tropical 
Medicine, Mahidol University, Bangkok, Thailand 

Abstract 

Liver Carcinomas both hepatoma 
and Cholangiocarcinoma are rather 
commonly found in Thailand. Food 
habit of eating raw fish. nitrate. nitrite 
an dnltroso-compounds not only as 
contaminated in food but also nitrosa
tion in human body are also studies for 
a probable carcinogen in the carcino
genesis. Serum bile acids and bile salts 
and also serum proteins especially the 
fast reacting fraction in alpha and beta 
range of electrophoretic pattern are 
also studied not only in term of 
carcinogenic promotor but also as an 
indicator of the host response to cell 
damage and also the process of cell 
regeneration in malnutritional state. 

The hypothesis on carcinogenesis 
of both hepatocellular carcinoma and 
cholangiocarcinoma in Thailand can be 
proposed. The malignant transforma
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tion begins primarily with the cell 
injury. Hepatitis B virus or food toxi
cants cause liver cell necrosis whereas 
the liver flukes and their eggs irritate 
and damage the cell lining of bile 
ducts. During the process of regenera
tion. with superimposed malnutrition, 
the hyperplasia and proliferation of 
these damaged cells may be more 
vulnerable to nitrosamine which 
contaminated in food or formated in 
the gastrointestinal tract due to the 
high content of nitrate. nitrite and 
amines in food. High level of bile acids 
and bile salts resulted from cholestasis 
may play an important role as a promo
tor of nitrosamine carcinogenic trans
formation. Furthermore, the host 
response of malnourished individuals 
in both hepatitis and opisthorchiasis 
may also play a possible role in 
carcinogenesis of these liver carcino
mas. 
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Natural carotenoids and cancer 


H Nishino 

Department oj Biochemistr y , Kyoto Prefectural University of Medicine, 
Kawaramachi-Hirokoj i, Kamigyoku, Kyoto 602, Japan 

Epidemiological inves tigations have 
s h own that cancer risk is inversely 
related to the consumption of green 
and yellow v ege tables. ~-Caro te ne 

whic h is known t o have th e highest 
potency to serve as pro-vitamin A and 
which is present in abundance in green 
and ye ll ow vegetables , has been 
p roposed to be one of the key principles 
to prevent cancer. In fact , ~-carotene 
was proved experimentally to p revent 
carcinogenesis induced by chemicals or 
viruses . ~-Carotene is one of the most 
widespread natural carotenoids, but it 
is often assoc iated w ith o t her 
carotenoids, such as (X-carotene . (X
carotene, lycopene and so on . There
fore, it is of interest to inves tiga te the 
biological activity o f these various 
kinds of carotenoids more extensively. 

Recently, we foun d that palm oil
d er iv e d n a tura l carotene which 
consists o f 6 0% ~-carotene , 3 0% (X 
carotene and 100/ 0 oth ers , remarkably 
sup p ressed th e promotional s tage of 
ca r cinogenesis . In this context, w e 
compa r ed the anti -turnour-promoting 
activity of (X-caroten e with that of ~
caroten e . Since the lung is s u ggested 
epidemiologically to be a possible targe t 
o rgan fo r caro t e n o ids to s uppress 
ca rcinogenesis , it is of particular in ter
est t o investigate the effect of the s e 
carotenoids on the lung ca rcinogen esis. 
In this s tudy . we examined the effec t of 
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(X- and ~-carotene on the tumour
promoting action of glycerol in 4NQC
initiated mice . The animals used were 
6-week-old ddY male mice. Initiation of 
carcinogenesis was performed by a 
s ingle s ubcutaneous injection of 0.3 mg 
of 4NQO on the first experimental day. 
Glycero l. a tumour promoter. was 
dissolved in water and 10% solution 
was given as drinkin g water ad libitum 
from the begin n ing of experimental 
w eek 5 . (X- and .J3-carotene (at the 
concentration of 0.05%) or vehicle was 
m ix ed in drinking water. Mice were 
ki lled at week 30 by cervical disloca
tion. At autopsy. th e lungs were fixed 
via intra t r acheal instillation of 10% 
fornlaldehyde. After separation of each 
pulmonary lobe , the number of induced 
tumours was coun ted u n der a micro
scope. 

Admini strat io n of a-caro te n e 
resulted in the decrease of the mean 
n umber of tumours per m ouse to about 
23% of t h e control group (p < 0.01. 
S tu d e n t' s t -te s t ) . B-Carotene also 
showed the tendency to suppress the 
lung tumour formation, but the effect 
was not statistica lly significant. Thus, 
it is apparent tha t a-carotene has more 
effective anti- tum our-promoting activ
ity than ~ -caro tene in lu ng carcinogen
esis . 

The h igher po tency of (X-carotene 
than [3 -ca rotene to s u ppress tumour 



promotion was con fir med by other 
experimen tal system of two-s tage 
carcinogenesis in v ivo; i.e., a-carotene 
was proved to h ave stronger effect than 
J3 -carotene to suppress the promoting 
activity of TPA on skin carcinogenesis 
in DMBA-initiated mice. 

Since the vitamin A activity of a
carotene is a bout h alf of th at of (3

carotene. it is unlikely that the anti
carcinogenic effect of these carotenoids 
r efl ects their vitamin A activity. The 
mechanism of the a n ti-tumour -promot

ing effect of a- and J3-carotene remains 
to be elucidated. 

From these results . the more exten
sive investigations of biological activity 
of not only J3-carotene but also of a
carotene and other kinds of carotenoids 
seem to be important to evaluate the 
a n t i-carcinogenic effect of natural 
carotenoids in daily foods, which might 
p lay significant role to reduce the inci
dence of h uman cancer and might be 
useful for t he purpose of cancer 
chemoprevention. 
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