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[MDIAN PEDIATRICS

Cdmﬁlementary Feéding of
Infants and Young Children

According to recent statistics, the rates of
childhood malnutrition in India are among the
highest in the world(1). Approximately 52%
of children less than five years of age are
nutritionally stunted (low height-for-age;

< -2 SD with respect to intémational refer-

ence data), 18% are wasted (low weight-for-
height), and 53% are underweight (low
weight for age). These figures are indicative
of a severe public health problem(2). The fact

that nearly 30% of babies born in India are of-

low birth weight(3,4) may explain some, but
obviously not all, of the high rates of mainutri-
tion that.are observed later in life(5). Growth
faltering continues post-natally, especially
during the period when. children should be
receiving .other foods (i.e., complementary
foods) in addition to breast milk.

Complementary foods.can be defined as
any non-breast milk foods or nutritive liquids
given to young children during the period of
breastfeeding. The World Health Organiza-
tion and UNICEF have recently published
extensive guidelines on appropriate comple-
mentary . feeding(6), which make this an
opportune time to review child-feeding issues
in India, with particular focus on: (f) the
appropriate time of introduction of comple-
mentary foods; (if) the amounts of energy
required from these foods by children of
different ages; (iif) the appropriate energy
density and frequency of feeding complemen-
tary foods; and (iv) their appropriate macro-
and micronutrient densities.
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The optimal age of introduction of com-
plementary foods is controversial because of
the so-called “weanling's dilemma™(7)
whereby delayed initiation of these foods may
result in low energy and nutrient intakes and
consequent malnutrition, while premature
introduction of these foods is often accompa-
nied by increased morbidity and mortality

from infections(8-10). The World Health

Organization currently recommends exclu-
sive breast feeding for four to six months(11),
although UNICEF states that complementary
feeding should be initiated “at abount six
months”{12). Because of the considerably
increased risk of infection associated with
consumption of these’ foods, a two-month
difference in the timing of their introduction
could have important implications for global
rates of diarrhea and other illnesses. Seven
prospective studies carried out in six low-
income countries in Africa, Asia, and Latin
America provide relevant information on the
relationship between infant feeding mode and
growth velocity during the period from fourto
six months of age(13-19). In none of these
studies was growth enhanced when comple-
mentary foods were introduced prior to six
months. To contrary, in three studies (two in
Sudan, one in Indonesia) children who first re-
ceived complementary foods after six months .
had greater growth increments during the
preceding two-month interval. These results
therefore suggest that complementary foods
should not be introduced before six months.

Because the aforementioned observational
studies are subject to self-selection bias, ran-
domized iritervention trials are also needed to
draw definitive conclusions regarding causal
relationships between feeding practices and
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infant growth, Notably, a trial recently com-
pleted in Honduras to examine this issue
found that the levelis of total energy intake and
rates of physical growth were similar arnong
infants who were randomly assigned to either
continue breastfeeding. exclusively until six
months of age or begin receiving high quality,
hygienicaily packaged complementary foods
at four months(20). ‘Thus, there was no advan-
tage of introducing dornplementary foods
prior to six months of age. Similar results have
now been reported from a second study
restricted to low birth weight Honduran
infants(21). Additional studies in South Asia,
and perhaps other regions of the world, would
be useful to confirm this conclusion in popula-
tions where maternal malnutrition is more
common. - .

Once complementary toods are intro-
duced, the amount of these foods that should

be -provided depends on children’s total en--

ergy and nutrient requirements at different
ages and the corresponding amounts of these
provided by breast milk. Information on
eneigy consumption from breast milk was
recently compiled from 21 published studies
conducted in developing countries(6). Mean
breast milk energy intakes reported from these
studies were 413, 379, and 346 keal/d by
children 6-8, 9-11, and 12-23 months of age,
respectively. Current estimates of children’s
average energy needs are 682, 830, and 1092
kcal/d for these same age groups(22,23).
Thus, the respective age-specific average
(rounded) amounts of energy required from
complementary foods are approximately 275,
450 and 750 kcal/d . -

Because of the known inter-individual
variability in both energy requirements and
energy intake from breast milk, the foregoing

‘figures are, of course, crude estimates of the

true 2mounts of energy needed from comple-
mentary foods by individual children. Never-
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theless, these mean values provide "usefu]
guidelines for designing programs to promote
appropriate complementary feeding, Depend-
ing on their appetite and physical growth,
individual children may need .more or-less
than these theoretical average amounts. .

R

To ensure that children are physically able
to consume the recommended daily quantity
of energy from complementary foods, the
minimum energy density and frequency of
feeding of these foods must be appropriate for
age. Results of recently published studies. of
the effects of three different meal frequencies
and four energy densities on total daily energy

“intakes by fully weaned, recovering malnour-

ished children between 6-18 months of age
indicate that both energy density and meal fre-
quency are significant determinants, of total
energy intake(24). Controlling for the levej of
energy density, the total daily amount of food
consumed during these studies increased by
approximately 16% when four meals were

- provided per day. However, the total amount

of time required for feeding also increased in
direct relation to the number of meals. This
additional time factor may constrain greafer
meal frequency, especially when caregivers
have multiple competing responsibilities,
including other-child care tasks.

These foregoing studies also examined the
effects of varjed energy densities on the
childreri’s total energy intake. The energy
densities of the different diets were 0.4,0.7,
1.0, or 1.5 kcal/g. Controlling for the fre-
quency of feeding, the total daily energy iri-
takes (kcal/kg/d) increased significantly when
the children consumed the diets with greater
energy density, and there were no significant
interactions between energy density and feed-
ing frequency. In other words, greater energy
intakes occurred with each added meal,
regardless of the energy density of the diet;
and the energy intakes increased with each
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-hig sher level of energy density, regardless of

’tﬁemcal frequencms.

f&timates of the appropnatc energy den-

# sity’ahd frequency of feeding of complemen-
[ary foods have been developed, using data
fr’c‘}m two studies on the amount of food that

filly weaned children were able to consume at
a smgle meal(24,25) and the previously
clescnbed estimates of the amount of energy
requz;ed form complementary foods by
1 astfed ch11drcn(6) In the two studies of
chﬂdren s food intake, almost all children
ivere able to consume at least 30 g/kg body
welght at a single meal. These ﬁgures for
so-calicd “functional gastric capacity” were
"combined - with published information on
average body weights of ¢hildren at different
ages to estimate the amount of food that could
Tikely be consumed at a single meal during
-different age ranges. Assuming that the

median weight of a well nourished reference.

child is 8.3 kg at 7 months, 9.5 kg at 10
months, and 11.5 kg at 18 months (26), the
amounts that could be consumed at a single

meal are 249 g, 285 g, and 345 g for the

respective ages. Using these figures for the
amount of food that can be consumed at a
single meal and different assumptions of two,
three, or four meals per day in addition to
breastfeeding, it is possible to calculate the

minimum. average energy density would be

rcqmred for these meals to be able to provxde
thé energy needed from complementary foods
at dlfferent ages, as follows.

To prov:de a ‘conservative. estimate of
energy that would be required from comple-
mentary foods to satisfy the total energy needs
of almost all children in a population of a
particular age range, the average e€nergy
requireément plus 28D (that is, the mean plus
25%) was used. The energy consumed from
breast milk by children consuming low,
average, or high amounts of breast milk was
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subtracted from the figure for the total energy
requirements, (mean plus 2 SD) to estimate
the amount of energy needed from comple-
mentary foods. For example, infants from six
to eight months of age-who potentially need
as much as 852 kcal/d (mean +2 SD ) and re-
ceive an average amount of breast milk energy
(413 kcal/d)-would need a total ‘of up to 439
kcal per day from complementary foods. If
they consume two meals per day of 249 g, the
energy density of those meals would have
to be at Jeast 0.88 kcal/g to ensure that the
upper tange of total energy intake could be
consumed.

Detailed estimates of the minimal levels of
energy density of complementary foods that
are theorctically adequate for children of
different ages are available in the recent WHO
publication(6). Because the estimates are de-
rived from a limited amount of empirical data,

_they must be interpreted with great caution.

Névertheless, they provide ‘a useful starting
point. for developing tentative guidelines for

child feeding programs. The published.

estimates, which consider a range of meal
frequencies and different levels of ‘assumed
breast milk consumption, indicate; for
example, that well nourished breastfed infants
from six to eight months of age who consume
three meals per. day should receive comple-
mentary foods with an energy density of at
least 0.85 kcal/g if they consume a low-level
of energy from breast milk, Children consum-
ing greater amounts of energy from breast
milk could receive either fewer meals or foods
with' correspondingly lower levels of energy
density. As children get older, they need either
increasingly greater levels of energy density
or feeding frequency or some combination of
the two.

Sensory properties of complementary
foods, such as flavor, aroma, and consistency,
and overall diversity of the diet can indepen-
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dently affect total intake. Pioneering studies in
India have found, for example, that amylase
treatrnent  of starch-containing porridges
reduces their viscosity, thereby permitting
greater energy and nutrient densities while
assuring that the preparations are thin enough
for easy consumption by young children(27).
Most, but not all, studies of amylase lique-
faction of thick porridges have found that
children’s total energy intakes increased when
foods were treated in this way(6).

. The protein density (g/kcal) of comple-
mentary food is likely to be a limiting factor in
most populations, although this generalization
may not hold in settings where complemen-
tary foods are based on staples of very low
protein content, such as cassava or -sweet
potatoes. Amino acid requirements from
complementary foods were not considered in
the WHO report, but should be reviewed in
the future. Breast milk of weil nourished
mothers should meet the essential fatty acid
(EFA) requirements of exclusively breastfed
infants, but there is little information on the
ability of current complementary feeding
regimens to satisfy EFA requirements after
the period of exclusive breastfeeding. Thus,
care should be taken to assure.that comple-
mentary foods contain enough EFA to meet
requirements and enough total fat to facilitate
absorption of fat soluble  vitamins from
complementary foods. The _desirable fat
content of complementary foods depends on
the mother’s breast milk fat concentration, the
infant’s intake of breast milk, and the judge-
ment of what is an acceptable percentage of
total energy from fat. Assuming that approxi-
mately 30% of total energy intake from fat
is desirable, complementary ' foods should
contain on average approximately 0-13% of
energy from fat at 6-11 months and 21% of
energy from fat at 12-23 months(6).

Meeting  micronutrient needs from

550

EDITORIAL

compiementary foods appears to be the great-
estchallenge. As with energy, the estimates of
the amounts of micronutrients required from
complementaty foods are based on the age-
specific nutrient requirements less the pre-
sumed amounts provided by breast milk.
Based on these calculations,. which are pre-
sented in detail in the WHO report(6),
adequate amounts of certain key nutrients
(iron, zine, and calcium, in particular) can
only be met if animal products are consumed
in sizeable quantities—levels of ntaké that are
unlikely to be feasible in non-meat-€ating
communities and poor househdlds. Thus,
alternative strategies, such as fortification or
supplementation, may need to be considered.’

For children whose mothers have
adequate breast milk vitamin A concentra-
tions (at least 50 pg/L), vitamin A needs. can
be readily met by appropriate. selection of
complementary foods. Good food sources of
vitamin A include Hver, milk, eggs, cheese,
yellow-orange fruits, leafy green vegetables,
and tomatoes, although the bioavailability of
vitamin A from plant sources has been ques-
tioned(28). For infants aged 6-11 .months, the
amounts required of these foods are not large
(generally 1-50 g/d), in part becanse: breast
rilk is a rich source of the vitamip, In areas
where vitamin A deficiency is endemic,.as is
the case in much of India(29), increased
vitamin A intake by the mothers. and/or
greater intakes of vitamin A-rich complemen-
tary foods by children is advisable. Vitamin A
supplementation of breastfeeding mothers
and/or their infants is another alternative.

Before developing programroatic inter-
ventions to improve complementary feeding
practices, it is essential to examine current
practices in relation to the aforementioned
recommendations. Although a considerable
number of relevant studies have been com-
pleted in India, few are representative of the
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ahohal population, and there is some indica-
tion of substantial regional variation. Space
.not permit.a comprehensive review of
ividual studies from different parts of the
intry, but selected findings will be high-
lighited o make specific points. According to

several small studies, only, 37% of infants less

tHan four months of age in slum areas of
Bémbay(30) and an even smaller proportion
(10%) of sirnilarly  aged

-Haryana(31) were being exclusively breast-

fed: A national survey of feeding practices in
irdia in'1992-93 found that the percentage of
six to nine months olds receiving solid foods
ini addition to breast milk varied greatly by
stite, ranging from only about 9% in
Rajasthan -to 69% in Kerala(32). Other
studies(33) reported that between one-third

‘and one-half of the children studied in

~

-partbecause-of the difficulty.-in obtaining such..

Maharashtra and Gujarat did not begin eating
other {non-breast mllk) foods until after one
year of age. Thus, it appears that in some areas
of India complementary foods are introduced
too early, while in other areas these foods are
not started until much later than is currently
recommended.

Very few quantitative studies of the com-
position of commonly prepared infant foods
and total energy and nutrient intakes by Indian
infants and children have been published, in

information reliably, particularly from breast
fed children. Moreover, in countries, such as
India, where different regional food availabil-
ity patterns -and.cultures affect dietary intake,
appropriate’ regional sampling is necessary

and the data collection instrument must be

adaptable to these cultural differences(34).
Whilst several methods exist to measure di-
etary intake, those techniques that are most
accurate, such as the weighed intake method
(in which all foods and beverages consumed
are first weighed by an observer) and the food

infants in -
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diary (in which the.respondent records the
amounts of all items -consuméd, usually in
terms of familiar household units) may not
be feasible for: large-scale applications(35)
because they are time consuming, costly, and
possibly biased with regard to the sample of
respondents who are able to comply with the
demands of the research protocols(36). To
overcome some of these problems, 24-hour
dietary recall histories are often performed to
obtain, relevant data, although this method
does not provide quantitative data on breast
milk consumption. Moreover, the accuracy of
this technique depends heavily on the skill and
thoroughness with which the interview is
conducted, and particular attention must be
directed to assessing the portion size of items
consumed. Recently, attempts have also been
made to develop simplified, food frequency
questionnaires that could be used by relatively
untrained staff, but there is still little experi-
ence ‘with these instruments for quantitative
assessment of complementary feeding. '

Once any - specafic inadequacies in current
complementary feeding practices are- identi-
fied, a" number of possible programmatic
approaches are available to remedy these
problems(6). These interventions may include
activities as. diverse as dissemination of
educational messages designed to encourage
adoption or recommended child feeding
behaviors or distribution of precooked foods
specially formulated for young children. In-
formation on appropriate child feeding may
be distributed. widely through mass media or
through individual counselling sessions at the
time of health clinic visits. Any foods that are
distributed may be either provided universally
to all children or targeted selectively to high
risk households or to children with some
identified degree of malnutrition. Ideally,
complementary feeding interventions should
encompass not only the food-related concerns
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emphasized above, but should also focus on
the hygienic issues concerning food prepara-
tion and storage and on specific child feeding
behaviors. A detailed discussion of the design
and implementation of these programs is
beyond the scope of this review, but relevant
information is .available in other docu-
ments(6,37).

In view of the overwhelming magnitude
of the problem of undernutrition of young
children and its dire consequences with regard
to child mortality(38,39), serious efforts are
needed to apply this newly available informa-
tion on appropriate child feeding and to
evaluate their outocomes in India and other
similar countries.
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NOTES AND NEWS

IAP SUBSPECIALITY CHAPTER ON GASTROENTEROLOGY
IX ANNUAL CONVENTION AND ENDOSCOPY WORKSHOP

This Workshop is being held on 8th October, 1999 at Child Trast. Hospital, Chennai
followed by the Annual Convention on 9th & 10th October; 1999 at Hotel Savera, Chennai.
The Delegation fees for Annual Convention is Rs. 500/- for all and'Rs. 300/~ for Members of
the Subspeciality Chapter and Postgraduates. The fee for the Endoscopy Workshop is Rs. 200/~
for all. The last date for Registration is 3 1.7.1999 and for Free/Award Papers is 15.7.1999. For

further details please’ contact Dr. Bhaskar Raju, 11, ‘Sringeri Mutt Road, R.K. -Road,
Mandaveli, Chennai 600 028, Tamil Nadu. , . )

JOIN COMPUTER AND MEDICAL ELECTRONICS GROUP OF IAP

() To keep you updated on latest hardwa

re and -available software; (i) To help you to
manage your daily information in a better way;

(iii) To get concession in purchase of software;

on Internet; () To" get complimentary copy of
news bulletin; (i) To avail all benefits given to members from tirme to time; and (vii) To
become part of group interested in Information Technology.

At present life membership fee is Rs. 500.00 which is likely to be increased. Please send
your bio-data and fee by crossed DD only, drawn in favour of “Computer and Medical
Electroncis Group of IAP” payable at Gandhidham and send to: Dr, Naveen Thacker, Hono-

rary Secretary, 208, Sector 1-A, Gandhidham-370 201, Kutch-Gujarat. Ph. 02836 (H) 30195,
20820; (R) 30894. The Chairman of the Group is Dr. Kiran K. Kalra, 43,
Dehradun 248 001, U.P. e-mail: kkkalra@pobox.com. -mai
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