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SUMMARY

Malawi, a small, impoverished country
in southeast Africa has some of the
worst child health indicators in the
world. Among the major child health
problems in this country is undernutri-
tion. The present prospective, popula-
tion-based, cohort study was per-
formed to describe typical growth pat-
terns and occurrence and determinants
of undernutrition in under 3-year-old
children in rural Malawi.

Compared to the international
growth reference children in Lungwena
were born lighter and shorter. The
deficit in growth persisted until 24
months of age and there was no catch
up growth. By 36 months of age, the
children were 2.3kg lighter and 10.5
cm shorter compared to the reference.
Faltering in linear growth was already
marked at birth while weight faltering
appeared at about 3 months of age.

The growth faltering resulted in
high prevalence of undernutriton such
that at peak levels, up to 70%, 40%,
and 6% of the children were moder-
ately stunted, underweight and wasted
respectively. The incidence of under-
nutrition fluctuated according to sea-
son. This seasonal pattern was also re-
flected in weight and height gain
whereby periods of best linear growth
gain consistently lagged periods of best
weight gain by about 3 months after
infancy. Such a temporal relationship
between weight gain and linear growth
was, however, not documented at the
individual level.

To study the determinants of inci-
dence of undernutrition, multivariable
models of various forms of undernutri-
tion were constructed. Among the stud-
ied correlates of undernutrition, size at
birth, maternal HIV, infant morbidity
and access to health care independently
predicted the occurrence of undernutri-
tion.

The high prevalence of moderate
undernutrition in the present study ne-
cessitated evaluation of the options for
management of moderate undernutri-
tion. In Malawi this typically involved
dietary supplementation with a micro-
nutrient-fortified maize / soy flour
blend (Likuni Phala) whose effective-
ness in promoting growth has been
questioned. Apart from its nutrient
quality, supplement leakage to non-
intended beneficiaries and replacement
of the beneficiary’s usual dietary in-
take were some of the problems asso-
ciated with this food. The present study
tested an energy dense, micronutrient-
fortified, peanut based spread called
Ready to use food (RTUF) on moder-
ately underweight and stunted 3 to 4
year old children. RTUF supplementa-
tion resulted in higher energy and nu-
trient intakes and less replacement
compared to maize / soy flour. How-
ever RTUF did not prevent leakage.
Both supplements modestly improved
weight gain but did not promote height
gain.

In conclusion, children in rural
Malawi showed early growth faltering
with no catch up growth. Prevention of
undernutriton in this population should
start prenatally and continue until after
the second year of life. Such interven-
tions, among others, should target re-
ducing intrauterine growth retardation,
HIV, and infant morbidity, and im-
proving access to health care. How-
ever, effect of season should be taken
into account when planning interven-
tions. New strategies for dietary sup-
plementation of moderately undernour-
ished children, such as the use of en-
ergy dense spreads, should be evalu-
ated. Preventing child undernutrition in
this population may, however, take
several generations, as the described
growth pattern could also be familial.
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1. INTRODUCTION

Undernutrition, defined as insufficient
intake and utilisation of nutrients to
meet an individual’s needs to maintain
good health, is a very big problem in
the developing world. Up to a third of
the children in the developing world
are undernourished (de Onis et al.
1993). Undernutrition puts children at
increased risk of morbidity, delayed
mental and motor development and
mortality. In fact, it has been estimated
that up to half of the childhood deaths
in the developing world are attributable
to being underweight (Pelletier et al.
1994).

The two main forms of under-
nutrition are: Protein-energy under-
nutrition and specific micronutrient
deficiency e.g. vitamin A deficiency. In
public health, protein-energy under-
nutrition is assessed using measures of
physical status. The main measures
used are weight, and height or length
related to age. Inadequate dietary in-
take and disease are the main causes of
undernutrition. However, other factors
such as water and sanitation, maternal
and child care practices, food security,
politics etc. influence the immediate
causes and thus, are indirect causes of
undernutrition.

Worldwide trends in undernutrition
show a general pattern of decreasing
prevalence (de Onis et al. 2000). How-
ever, the pattern has not been univer-
sal. Sub-Saharan Africa, with preva-
lence of undernutrition only surpassed
by Asia, has shown the slowest de-
crease in prevalence in the world. In
fact, the prevalence of undernutrition
has been increasing in this region since
the mid 1980s (ACC/SCN 2000). The
prevalence of wasting, stunting and
underweight in sub-Saharan Africa is
estimated at 7.2%, 27%, and 39% re-

spectively (UNICEF 1998). Similar
numbers for Malawi, the setting of the
present study, are 7%, 30%, and 49%
for wasting, underweight and stunting
respectively (Malawi National Statisti-
cal Office 2001).

There i1s a wealth of data on under-
nutrition, its determinants and preven-
tion that has been reviewed by several
authors (Waterlow1992, Waterlow and
Schurch 1993, Black and Michaelsen
2002). However, undernutrition still
remains a big problem in the develop-
ing world. Part of the reason is that
some areas of the subject are still un-
clear. Issues such as the timing of
growth faltering in developing coun-
tries (Rivera et al. 1997, Shrimpton et
al. 2001) and the appropriateness of
comparing exclusively breast fed in-
fants to the currently used international
growth reference (WHO working
group on infant growth 1995, de Onis
et al. 1997, Victora et al. 1998, Garza
and de Onis 1999) still attract debate.
The epidemiology of different forms of
undernutrition also suggests that there
may be differences in the aetiology of
the various forms of undernutrition
(Victora 1991, de Onis et al. 2000).

Prevention and treatment of under-
nutrition typically targets the causes of
undernutrition either singly or in com-
bination. The commonest approach is
dietary supplementation. While institu-
tional therapeutic feeding strategies
have been well developed (WHO
1999), strategies for community level
treatment of moderate undernutrition
are not well developed. This is despite
the fact that the majority of undernour-
ished children are of the moderate
forms that require community-based
management.



Traditionally cereal /legume blends
have been promoted for supplementa-
tion programs in sub-Saharan Africa
(Brown et al. 1998). Their efficacy in
controlled situations is however ques-
tionable (Beaton and Ghassemi 1982,
Brown et al. 1998, ACC/SCN, 2001a).
More recent strategies such as the use
of spreads (Briend et al. 1999) need to
be explored.

The present population-based pros-
pective longitudinal cohort study was
performed to describe typical growth
among a population of rural Malawian
children. Of special interest were the
timing of growth faltering, occurrence
and determinants of undernutrition and
the potential of using a novel ready to
use food supplement for the commu-
nity treatment of under-nutrition.



2. LITERATURE REVIEW

The present study was a community-
based investigation of typical growth
and occurrence and determinants of
undernutrition in under-five-year-old
children. As such, the literature review
focuses on the epidemiology of under-
nutrition. Main areas of emphasis are
the definition, anthropometric classifi-
cation, causes, consequences, and pre-
ventive strategies for undernutrition,
and management of moderate under-
nutrition. The review restricts to post-
natal undernutrition up to 5 years of
age and concentrates on protein—
energy undernutrition. Other aspects of
undernutrition e.g. clinical and bio-
chemical aspects, specific nutrient de-
ficiencies and prenatal under-nutrition
etc. will be alluded to but not discussed
in detail. The last part of the review
highlights some gaps in the current un-
derstanding of undernutrition, which
form the basis of the current study.

2.1 Definition of undernutrition

Undernutrition is defined variably by
different people. In international health
literature, the term is often used syn-
onymously with malnutrition, tradi-
tionally in reference to a situation
where an individual has insufficient
intake of protein and energy (total
calories)(Rice et al. 2001). The term
malnutrition, however, denotes both
overnutrition and undernutrition. Other
terms used include protein-energy
malnutrition and  protein-calorie
malnutrition. The importance of
micronutrients and the fact that
deficiency in total energy often co-

total energy often co-exists with mi-
cronutrient deficiency, has led to pref-
erence for a neutral term such as un-
dernutrition. Put simply, under-
nutrition can be defined as insufficient
intake and utilisation of energy and
nutrients to meet an individual’s needs
to maintain good health.

2.2 Measures of nutritional
status

Several indicators are used to measure
nutritional status. These include body
composition, clinical signs of defi-
ciency, physical function, biochemical
compounds, metabolic processes or
dietary intake. The choice of which of
these indicators is used is dependent on
the question being asked. In commu-
nity studies of protein-energy undernu-
trition, body size is widely used be-
cause it is readily measurable and is a
sensitive indicator of nutritional status
and health. However, for specific nu-
trient deficiencies other indicators are
used. For example serum retinol level,
a biochemical measure, can be used to
measure vitamin A deficiency and a
clinical feature e.g. xerophthalmia can
also be used as a measure of vitamin A
deficiency.

The commonly used anthropomet-
ric measures are weight and length /
height in combination with age and
sex. For length / height, supine length
is measured until 24 months and erect
height thereafter because children are
able to stand on their own. These
measurements are used to construct
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indices and indicators  that are used to
describe nutritional status of individu-
als or populations. Other measures of
body composition that are used include
various body circumferences (mid up-
per arm, head, chest, abdomen etc) and
skin folds (biceps, triceps, sub-scapular
etc).

The three basic indices are: weight
for age Z score (WAZ), length / height
for age Z score (LAZ / HAZ) and
weight for length / height Z score
(WLZ / WHZ).

e Weight for age: defined as weight
of a child relative to the weight of a
child of the same age in a reference
population, expressed either as a Z
score' or a percentage relative to the
median of the reference population.
Qualitatively children who have low
weight for age are described as be-
ing ‘underweight’.

e Height for age (/ length for age):
defined as height or length of a
child relative to the length or height
of a child of the same age in a refer-
ence population, expressed either as
a Z score or a percentage relative to
the median of the reference popula-
tion. Qualitatively children who
have low height for age are de-
scribed as being ‘stunted’.

e Weight for height (/ weight for
length): defined as weight of a child
relative to the weight of a child of

" Indices are defined as combinations of meas-
urements, which have a biological meaning,
e.g. weight for height while indicators are de-
rived from indices to form a social concept
taking on a value system e.g. proportion of
children below a certain level of weight for
height which can be used to describe nutri-
tional status of a community (Waterlow et al.
1976)

¥ A Z score is a measure of how far an
observation is from the population mean as
measured in standard deviation units. A
standard deviation score of a nutritional
indicator for an individual = (individual’s
value - median value of reference population)/
standard deviation value of reference
population.

the same height or length in a refer-
ence population, expressed either as
a Z score or a percentage relative to
the median of the reference popula-
tion. Qualitatively children who
have low weight for height are de-
scribed as being ‘wasted’. Wasting
is also sometimes called global un-
dernutrition.

2.3 Anthropometric classification
of undernutrition

Historically undernutrition was
classified in terms of the clinical syn-
dromes of Marasmus and Kwashiorkor
(table 1)(Morley, 1994). The two syn-
dromes were generally thought to rep-
resent two distinct syndromes, but as
understanding of their aetiology ad-
vanced, it was realised that they repre-
sented extremes of the concept now
called undernutrition. This fact led to
the realisation that there were more
children at the community level who
had milder forms of nutritional defi-
ciencies who did not develop overt
marasmus or kwashiorkor but who still
had adverse outcomes, a situation aptly
described as the silent emergency by
UNICEF (UNICEF 1998).

11



Table 1. Clinical features of marasmus and kwashiorkor.

Marasmus

Kwashiorkor

Extremely low weight
Extreme wasting
Old persons face
Pot belly
Irritability and fretfulness
Hunger

Oedema of the legs and arms and face

Moon face
Moderately low weight
Wasted muscles
Misery and apathy
Poor appetite
Pale thin peeling skin

Pale sparse hair with weak roots

Hepatomegally

The use of a qualitative classifica-
tion was however, not ideal for com-
munity studies and the clinical features
denoting marasmus and kwashiorkor
were not standardised. It was in this
setting that the Gomez classification
(Gomez et al. 1956)(table 2), based on
weight for age was introduced. Its
main criticism has been that it does not
distinguish low weight for age from
weight loss or from short stature.
However, weight for age is highly cor-
related to height for age hence when
used, low weight for age picks up both
children who are underweight and
those who are stunted (Golden 1996, p.
1278). Furthermore, weight is rela-
tively easier to measure than height as
such the Gomez classification is still
widely used in public health settings.

Because the Gomez classification
was primarily designed for community
studies, there was still need to have a
standardised classification system for
undernutrition at the individual and
clinical level. The  Wellcome
classification (Wellcome  working
party 1976) (Table 3) was introduced
to meet this need. It was based on
weight for age and presence or absence

and presence or absence of oedema.
However, the disadvantage was that
children classified as marasmic in-
cluded children with low weight for
age who were just stunted but of nor-
mal body proportions, and wasted chil-
dren. Despite this, it remains useful in
clinical practice.

The Waterlow classification (Wa-
terlow 1976)(table 4), based on meas-
uring both weight and height was in-
troduced to overcome the misclassifi-
cation highlighted above. It is currently
the most commonly used classification
in both clinical and community re-
search settings. Apart from overcom-
ing the earlier deficiencies, it also
avoids the need for using qualitative
terms such as kwashiorkor and maras-
mus. Apart from research and clinical
use, widespread community use is
hampered by the problems of making
accurate height measurements. Further
more, Z scores are also a difficult con-
cept to explain to, and use by lower
cadres of health care providers who are
entrusted with screening for growth
faltering.

12



Table 2. Gomez classification of undernutrition

Height for age

(Weight of subject / Weight of normal
child of the same age) x 100

90% — 110%*
75% — 89%
60% — 74%

< 60%

normal
Grade 1 mild malnutrition
Grade 2 moderate malnutrition
Grade 3 severe malnutrition

* Percent of the Harvard reference

Table 3. Wellcome classification of undernutrition

Weight for age No oedema With oedema
60% - 80%* Undernutrition Kwashiorkor
<60 % Marasmus Marasmic kwashiorkor

* percentage of the median WHO / NCHS reference

Table 4. Waterlow classification of undernutrition

Normal Mild’ Moderate” Severe'
Weight for height %" 90 - 120 80 - 89 70 -79 <70%
(wasting) Zscore 2.0to -099 -1.0to-1.99 -2.0t0-2.99 <-3.0
Height for age % 95-110 90 - 94 85 -89 <85
(stunting) Z score 2.0t0-099 -1.0t0-199 -2.0t0-2.99 <-3.0

" Without oedema. Presence of oedema denotes severe malnutrition (kwashiorkor) even without severe
wasting (marasmus). * Percentage of the median WHO / NCHS reference.

Other classifications of under-
nutrition include mid upper arm cir-
cumference (MUAC). This is used
based on the fact that mid upper arm
circumference does not change much
between 1 and 5 years of age, thus giv-
ing a measure which is almost inde-
pendent of age (Waterlow 1976). It
was especially useful in rapid assess-
ments e.g. in emergencies because of
its ease of use. Another measure that is
becoming increasingly useful is body
mass index (BMI), which is defined as
weight (in kg) divided by the square of
height (in metres). It is more com-
monly used in adults although it is also
increasingly being used in children.

The foregoing classifications of
undernutrition are dependent on a ref-
erence standard, the choice of which
has generated a lot of debate. Previ-
ously the growth reference often used
was the Harvard reference standard
from the United States. This was su-
perseded by the 1977 United States
National Center for Health Statistics
(NCHS) standard (Hamill et al. 1977),
later adopted by the World Health or-
ganisation (Waterlow et al. 1977).
However, there have been several criti-
cisms of the WHO / NCHS reference
standard.

Since the WHO / NCHS standard
is based on largely bottle fed, affluent
white children from a restricted area in

13



the United States (Kuczmarski, 2002)
some people have argued that it does
not adequately represent the target
growth of children from developing
countries, the majority of whom be-
came classified as malnourished using
this standard. However, studies have
shown that affluent children from de-
veloping countries grow according to
the reference (Habicht et al. 1974,
Janes et al. 1981, Martorell et al. 1985,
Malawi government 1991). Further-
more, children adopted or migrating
from deprived environments of the de-
veloping countries to affluent envi-
ronments have growth similar to that of
the reference children (Martorell et al.
1985, Martorell et al. 1994). These ob-
servations justified the use of the
NCHS standard for international com-
parisons.

Since its adoption further criti-
cisms have been raised about the WHO
/ NCHS reference. First, concerns have
arisen about the technical aspects of its
construction in terms of centile
smoothing procedures and estimation
of extreme centiles (Dibley et al. 1987;
Kuczmarski 2002). Secondly, the ref-
erence was based on two data sets,
which led to discrepancies in the
transition from length to height at 24
months, resulting in discontinuity in
the length centiles at 24 months
(Kuczmarski 2002). Thirdly, it has be-
come apparent that exclusively breast-
fed children grow differently to the
largely bottle fed children of the cur-
rent reference standards (WHO work-
ing group on infant growth 1995, de
Onis et al. 1997, Dewey 1998, Victora
et al. 1998, Garza and de Onis 1999).
Based on these criticisms, studies are
underway to construct a new interna-
tional growth reference standard based
on an internationally representative
sample of children fed according to
current WHO recommendations (de
Onis et al. 1997, Garza and de Onis
1999).

2.4 Epidemiology of undernutri-
tion

Primary malnutrition is usually a dis-
ease of the dependent (Golden 1996).
The vulnerable groups include children
in utero and within the first 5 years of
life, adolescents, pregnant women and
the elderly. Because children are com-
pletely dependent on others for their
nutriture they are especially vulner-
able.

Within the first 5 years of life there
are critical periods during which un-
dernutrition occurs, and evidence sug-
gest that this is different for the various
forms of undernutrition. In most devel-
oping countries underweight and wast-
ing tend to become evident between 4
and 6 months while stunting tends to
appear as early as 2-3 months of age
(Habicht et al. 1974, Whitehead and
Paul 1984, Martorell 1985, Martorell et
al. 1994, Neuman and Harrison 1994,
Rivera et al. 1997, Shrimpton et al.
2001). The period of highest incidence
of undernutrition is between 6 and 20
months, a period Mata (1991) has de-
scribed as’ the valley of death’, be-
cause of the high mortality during this
period.

Several reasons have been pro-
posed for the observed high incidence
of undernutrition during this period.
The period coincides with the introduc-
tion of complementary feeding as
breast milk becomes insufficient to
meet the metabolic needs of the grow-
ing child. However, the complemen-
tary feeds in most developing countries
are less energy dense and unhygienic,
resulting in reduced energy and nutri-
ent intake and increased morbidity (es-
pecially diarrhoea), which leads to un-
dernutrition (Morley et al. 1968,
Scrimshaw et al. 1968, Martorell et al.
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1975, Mata 1978). Furthermore, during
this period children are becoming more

Table 5. Regional prevalence of undernutrition in children aged less than 5 years.

% Underweight % Stunted % Wasted
Asia 42 (154) 47 (173) 11 (40)
Africa 27 (32) 39 (45) 7(8)
Malawi” 30.0 49.0 7.0
Latin America 12 (7) 22 (12) 3(2)
Oceania 29(0.3) 42 (0.4) 6 (0.1)

Figures in parenthesis represent absolute numbers of children in millions

Source de Onis et al. 2000. "Source UNICEF. 2002.

mobile and thus exposed to infections
while at the same time the protection
they had from maternal antibodies has
waned and this leads to increased in-
fectious diseases and ultimately to un-
dernutrition. While childhood undernu-
trition occurs everywhere in the world
the majority of the affected children
are found in the developing world. Ta-
ble 5 shows the regional distribution of
under-five-year-old undernutrition in
the developing world.

One hundred and sixty seven mil-
lion children in the developing world
are classified as malnourished repre-
senting 33% of all children in the de-
veloping world (de Onis et al. 2000).
As shown in table 5, Asia has the high-
est prevalence of all forms of undernu-
trition, followed by Africa while Latin
America has the lowest prevalence.

Despite the picture presented by the
aggregate figures, there is a lot of het-
erogeneity within the regions with
some countries having high and others
low prevalence. Worldwide there have
been impressive improvements in the
reduction of undernutrition, but some
regions have lagged behind. Evidence
suggests the rate of improvement is
decreasing while in some regions the
prevalence is actually increasing
(ACC/SCN 2000). Figure 1 shows the
regional trends of undernutrition (mod-
erate to severe underweight) from 1970
to 2000. South Asia has shown the
most improvement while sub-Saharan
Africa has shown the lowest decrease,
and since 1985 the prevalence of un-
derweight has been increasing in sub-
Saharan Africa.
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Figure 1: Trends of prevalence of underweight under-five-year-olds from 1970 to 2000.
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Some of the improvements in
prevalence of undernutrition have been
attributed to improvements in national
economies, especially in Asia, which
has led to improvements in water and
sanitation, per capita food availability,
and maternal literacy and women’s so-
cial status. Sub-Saharan Africa on the
other hand has shown decline in its
economy as evidenced by reduction in
per capita gross domestic product
(GDP) by USD52 between 1985 and
1995 (Ramalingaswami et al. 1996,
Smith and Hadaad 2001,). This has led
to increased poverty, stagnation in im-
provements in water and sanitation and
female literacy (Smith and Hadaad
2001). Another factor that may explain
the situation in sub-Saharan Africa is
the impact of HIV/AIDS on undernu-
trition and national economies (Rama-
lingaswami et al. 1996, ACC-/SCN
2001b).

Despite improvements in the above
correlates of undernutrition, which in
Asia are better than sub-Saharan Af-
rica, undernutrition still remains a big-
ger problem in Asia relative to sub-
Saharan Africa. Ramalingaswami and

co-workers (1996) describe this as the
so-called Asian enigma®. Part of their
explanation is the low social status of
women in Asia compared to Africa.
However, this may not explain the
whole picture, and it has been sug-
gested that the determinants of malnu-
trition may differ from country to
country or they may have different
strength in different environments
(Smith and Haddad 2001).

Another intriguing observation is
the finding that some regions with high
prevalence of stunting have relatively
low prevalence of wasting e.g. Sub-
Saharan Africa, while in Asia wasting
and stunting are correlated (Victora
1991). One explanation for this is that
it denotes possible differences in etiol-
ogy of stunting and wasting (Victora,
1991). Post and Victora (2001) and
Martorell (2001) explain this observa-
tion as being partly due to differences
in body proportions. This brings into

' Asian enigma refers to the situation whereby
despite improvements in the correlates of mal-
nutrition in Asia such as per capita food avail-
ability, female education, water and sanitation,
undernutrition remains a very big problem.
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question the appropriateness of current
growth reference standards for com-
parison of children across different re-
gions if there are differences in body
habitus.

Figure 2. Conceptual diagram of the determinants of undernutrition.
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2.5 Determinants of undernutri-
tion

The determinants of malnutrition are
multiple, inter-related and operate at
different levels. The causes and their
relationships can concisely be dia-
grammatically presented as shown in
figure 2.

There are three levels of causes of
undernutrition. Immediate causes oper-
ating at the individual level, underlying
causes operating at the household

level, and basic causes which operate
at the society level. The immediate
causes of malnutrition inter-relate with
malnutrition in such a way that they
form a vicious cycle which if not bro-
ken results in death (Figure 3).

Many observational studies on the
relationship of undernutrition and in-
fectious disease have been done and
have been extensively reviewed
(Scrimshaw et al. 1968, Martorell et al.
1975, Tomkins and Watson, 1989,
Baqui and Black 2002).
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Figure 3. Undernutrition and disease vicious cycle.

Weight loss
Growth faltering
Lowered immunity
Mucosal damage

Inadequate dietary intake

\

Disease
-incidence
-severity
-duration

Appetite loss

Nutrient loss

malabsorption
Altered metabolism

Source: State of the Worlds Children 1998, UNICEF 1998

Malnourished children are more
prone to frequent, long lasting, and se-
vere episodes of disease that result in
reduced dietary intakes due to reduc-
tion in appetite, nutrient loss, malab-
sorption, and altered metabolism. The
reduced dietary intake leads to further
undernutrition thereby completing the
cycle which starts again and if unbro-
ken may quickly lead to death (Tom-
kins and Watson 1989).

At the family level, the immediate
causes of undernutrition are in turn
caused by such factors as inadequate
access to safe water and sanitation, in-
adequate maternal and childcare prac-
tices and insufficient access to food. At
the societal level, these are determined
by the quantity and quality of actual
resources (human, economic and or-
ganisational) and how they are con-
trolled. Other factors such as social,
political, cultural and religious factors
limit how these potential resources are
turned into actual resources (UNICEF
1998).

Another important determinant of
undernutrition, which deserves special
mention, is the HIV/AIDS pandemic.
Over 36 million people are living with
HIV/AIDS and of these 95% are in de-

veloping countries. In sub-Saharan Af-
rica up to 26 million people are in-
fected with HIV / AIDS (ACC/SCN
2001b).

There are several ways how HIV
could result in undernutrition. First,
there are direct effects on the infected
child whereby HIV like other infec-
tions increases metabolic demand and
because of immunosuppression predis-
poses to opportunistic infections e.g.
diarrhoea, which results in undernutri-
tion. Secondly, there are indirect ef-
fects on the child through effects of
HIV on mothers irrespective of
whether a child is infected or not. Ma-
ternal HIV could result in reduced care
and disruption of feeding due to mater-
nal morbidity or death. Thirdly, be-
cause HIV is transmitted from mother
to child also through breastfeeding, it
complicates choices for infant feeding
in developing countries. Children who
are not breastfed are at increased risk
of undernutrition and yet breastfeeding
may also increase mother to child
transmission of HIV. Recent evidence
however suggests that exclusive breast-
feeding could be protective against
mother to child transmission (Cout-
soudis 1999, Coutsoudis 2001).
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Figure 4: Undernutrition throughout the lifecycle.
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Despite this, exclusive breast-feeding
is very difficult to achieve in most de-
veloping countries. Another impact of
HIV, which could lead to undernutri-
tion, is its effect in reducing food and
economic security of the family and
society through loss of economically
active members of the family or soci-
ety and diversion of already scarce re-
sources (ACC/SCN 2001b).

2.6 Consequences of undernutri-
tion

Undernutrition results in both im-
mediate and long-term consequences.
Figure 4 succinctly shows the effects
of undernutrition throughout the life-
cycle. Undernutrition in utero leads to
low birth weight babies who are prone
to morbidity, have higher risk of cogni-
tive and mental impairment and mor-

tality (Ashworth 1998). Low birth-
weight babies may also end up as un-
dernourished toddlers with reduced
mental capacity (Pollit and Oh 1994,
Grantham-McGregor 1995). Childhood
undernutrition could also lead to
stunted adolescents who may end up as
stunted adults if there is no catch up
growth.

Childhood undernutrition has been
implicated in up to 50 % of all child-
hood deaths in the developing world
(Pelletier et al. 1995). It has also been
associated with adulthood chronic dis-
eases such as diabetes mellitus, hyper-
tension and coronary heart diseases,
the so-called ‘foetal origins’ hypothe-
sis? (Barker, 1995; Joseph, 2002).

¥ The foetal origins hypothesis states that ad-
verse influences in early life, as manifested by
poor growth in utero and in the immediate
postnatal period, cause metabolic or physiol-
ogic ‘programming’ that leads to a higher risk
of various chronic diseases.

19



Childhood under-nutrition, leading to
undernourished adults, could also lead
to reduced physical capacity, which
may be disadvantageous economically
in environments heavily dependent on
manual labour as exist in developing
countries (Branca et al. 1993). Fur-
thermore, in women this may lead to
obstetric complications that could lead
to increase in maternal and child mor-
tality. Additionally, undernourished
women are more likely to have low
birth weight children, and thus the un-
dernutrition cycle starts again and the
effects of undernutrition end up span-
ning several generations if unchecked
(ACC/SCN, 2001a).

2.7 Strategies for prevention of
undernutrition

There are several strategies that have
been employed for the prevention of
undernutrition and they range from
specific interventions aimed at specific
determinants to general interventions
aimed at a broad range of determi-
nants. The range of interventions has
been encapsulated in UNICEF’s selec-
tive primary health care approach un-
der the banner GOBI-FFF (growth
monitoring, oral rehydration therapy
for diarrhoeal disease, promotion of
breastfeeding, childhood immunisa-
tions, female education, food supple-
ments and fertility control).

In Malawi, where undernutrition is
a very big problem and a significant
contributor to child mortality, some of
these strategies have been incorporated
in a national programme of action for
the survival, protection and develop-
ment of children in the 1990’s (Gov-
ernment of Malawi, 1991). Specific
emphasis was put on strengthening and
expanding growth monitoring acti-
vities, nutrition education programmes,
improving food security, monitoring

infectious diseases, encouraging appro-
priate  breastfeeding and comple-
mentary feeding practices, and main-
taining the high levels of immunisation
coverage. Some of the strategies for
prevention of undernutrition are dis-
cussed below

2.7.1 Education

Female education is a major determi-
nant of whether a child becomes mal-
nourished or not. Countries with high
female literacy and female status tend
to have lower prevalence of malnutri-
tion, independent of differences in the
countries’ wealth or general standards
of living (UNICEF 1998). It is not
clear how this relationship works.
Some possible reasons include the fact
that educated women are better at or-
ganising their resources and time, mak-
ing better use of health services, start
child bearing later and have longer
birth intervals and likely to have an
independent source of income (Water-
low 1993). However, education per se,
if not coupled with improvement in the
social status of women may not be ef-
fective. A possible reason being the
fact that decision-making powers in a
community may be vested in men, as
such equipping women with knowl-
edge may not necessarily trans-late
into giving them with decision-making
powers.

2.7.2 Child growth monitoring

This strategy is based on the longitudi-
nal charting of a child’s growth in or-
der to identify when growth starts fal-
tering and institute action to prevent
development of undernutrition. Unlike
anthropometric screening for interven-
tions, there is no consensus what con-
stitutes inadequate growth when action
has to be taken as the risk from milder
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forms of growth deficit is not well
known (Jelliffe and Jelliffe, 1987). In
any case, even if the level for taking
action were agreed it is still not clear
what action to take. Furthermore, since
it is the lowest cadres of primary health
care providers who usually carry out
growth monitoring, it does not neces-
sarily result in proper action. This is
because it is difficult to make accurate
measurements and interpret them to
take necessary action. Compounding
this is the fact that the people entrusted
with this activity in primary health care
programs have many other things to do
making the charting of growth an
automatic task that does not result in
proper action. However, others have
argued that when placed in the hands
of villagers, growth monitoring be-
comes a tool for development and
community participation (Hendratta
and Rohde 1988).

2.7.3 Water supply and sanitation

Reductions in diarrhoeal morbidity and
mortality of about 27 % and 30 % re-
spectively have been reported follow-
ing improvements in water supply and
disposal of excreta (Esrey et al. 1985).
However, it has been questioned
whether this reduction in morbidity
does lead to improvements in nutri-
tional status.

A study done in Bangladesh
showed that despite reduction of about
30% in diarrhoea morbidity following
improvements in water supply and ex-
creta disposal and hygiene education,
there was no improvement in nutri-
tional status (Briend et al. 1989). Simi-
larly in the Gambia, improvements in
water and sanitation and reduction in
diarrhoeal morbidity did not result in
improvement in growth (Rowland et al.
1977). However, although the direct
effects of improved water and sanita-
tion on growth are debatable, it is still

assumed that the decreased incidence
of diarrhoeal disease on its own re-
duces the risk of development of mal-
nutrition by reducing the frequency of
infections and time spent being ill.

2.7.4 Control of diarrhoeal dis-
ease

Diarrhoea has a consistent harmful ef-
fect on weight gain. A review of the
effect of diarrhoea on undernutrition
reports that between 10 to 80% of the
difference between the international
growth reference and growth of chil-
dren in developing countries is associ-
ated with diarrhoeal disease. The effect
on height gain though reported by
some studies, has not been consistent
(Baqui and Black et al. 2002). How-
ever, other studies have queried
whether the effect of diarrhoea on un-
dernutrition is overemphasized (Briend
et al. 1990). The reason for this asser-
tion being that the effect of diarrhoea
on dietary intake and growth is tran-
sient and thus a child could return to
normal diet and growth within a few
weeks of an illness episode. However,
in the developing world children tend
to have frequent episodes of diarrhoea
such that they do not have sufficient
time to recover to their pre-illness nu-
tritional status. This puts them on a
slippery slope to undernutrition where-
by each sub-sequent episode of diar-
rhoea pushes them down the slope.

In terms of aetiology, pathogens
causing chronic and persistent diar-
rhoea are the most commonly impli-
cated e.g. enterotoxigenic E. coli,
Shigella and cryptosporidium. Strat-
egies to prevent diarrhoea through, for
example, exclusive breast-feeding, im-
proved water and sanitation, treatment
and promotion of oral rehydration
therapy are thought to mitigate against
undernutrition.
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2.7.5 Immunisations

Of the vaccine preventable diseases,
measles is the one most associated with
undernutrition. However, its effect on
growth has had mixed results. Poor
growth outcomes have been reported in
some studies (Reddy et al. 1986) and
no effect has been reported in others
(Rowland et al. 1977). Measles is
thought to cause undernutrition
through the following mechanisms.
First, measles infection is followed by
a period of depressed cell mediated
immunity, which makes children sus-
ceptible to opportunistic infections in-
cluding diarrhoea and acute respiratory
infections. Secondly, during measles
infection energy intake is reduced
(Duggan et al. 1986). The infections
and reduced dietary intake predispose
children to undernutrition. Immunisa-
tion against measles could thus prevent
children from developing undernutri-
tion.

2.7.6 Promotion of breastfeeding

Promotion of breast-feeding is a strat-
egy that has been encouraged to pre-
vent development of undernutrition. In
developing countries, exclusive breast-
feeding for at least 4 months is pro-
moted to prevent development of un-
dernutrition. Exclusively bottle fed in-
fants in the developing world have a
risk ratio of developing undernutrition
of between 2 to 50 fold compared to
exclusively breast fed infants (Jason et
al. 1984). Breast-feeding has also been
shown to reduce the risk of morbidity
especially diarrhoeal disease. Recent
evidence also suggests that exclusive
breast-feeding could reduce mother to
child transmission of HIV, which in
turn reduces the risk of undernutrition
(Coutsoudis et al. 1994, Coutsoudis et
al. 1999). However, questions still re-
main on how long exclusive breast-

feeding should be encouraged but cur-
rent WHO recommendations is 6
months (WHO, 2001). In Malawi, the
setting of the present study the recom-
mendation is to exclusively breastfeed
for 4 to 6 months.

2.7.7 Supplementary feeding

Supplementary feeding is one of the
commonest approaches to management
of undernutrition. It has been used for
both prevention and treatment of un-
dernutrition. In controlled re-search
situations supplementary feeding has
been shown to improve growth of un-
dernourished children.

During pregnancy, dietary supple-
mentation with balanced energy and
protein has been shown to improve
pregnancy weight gain and birth size
(de Onis et al. 1998). Similarly in chil-
dren, supplementary feeding has been
associated with improvements in
weight and height gain in controlled
situations (Mora et al. 1981, Gershoff
et al. 1988, Lutter et al. 1990, Hussaini
et al. 1991, Martorell et al. 1994,
Schroeder et al. 1995, Simondon et al,
1996; Lartey et al. 1999). The im-
provements in growth have however
been more pronounced in children less
than 2 years and have depended on the
severity of undernutrition (Lutter et al.
1990, Schroeder et al. 1995). This has
been attributed to the fact that growth
rates and incidence of undernutrition
are highest in under-2-year-old chil-
dren. As such, the often-short dietary
supplementation  interventions  are
likely to show effect on growth during
such periods of high growth rates. Not
all supplementary feeding studies have
however, shown improvements in
growth. In a study in amongst children
aged between 4 to7 months old in four
countries (Congo, Bolivia, New Cale-
donia and Senegal) a micro-nutrient
fortified maize / soy supplementation
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trial did not result in statistically sig-
nificant improvement in weight gain
nor height gain except in one country
where there was a significant im-
provement in height gain among sup-
plemented children compared to con-
trol children (Simondon et al. 1996).

Despite some impressive results in
controlled situations, large-scale sup-
plementary feeding programs have not
shown much success in improving
childhood growth (Beaton and Ghas-
semi 1982, Brown et al. 1998,
ACC/SCN 2001a). Some of the prob-
lems associated with large scale feed-
ing programs have been problems in
targeting the right groups, ensuring in-
take of the supplement by intended
beneficiaries, spillover to other than
intended beneficiaries and replacement
of the habitual dietary intakes of the
beneficiaries (Beaton and Ghassemi
1982). Another additional important
issue is also the choice of food sup-
plements to use.

Provision of food supplements is
however, just one of the approaches to
improve dietary intake of children.
Other strategies include nutrition edu-
cation targeted at families to enhance
appropriate feeding behaviours and
improve energy and nutrient density of
local foods. Unlike food supplement
provision, this is relatively cheap as it
relies on local solutions and can easily
be sustainable. However, it requires
behavioural change that is difficult to
achieve. Furthermore, the limited di-
versity of many developing country
diets may make it difficult to correct
some micronutrient deficiencies with
such an approach. Training of educa-
tors also increases the cost of this ap-
proach (Dewey 2001). Another ap-
proach at the societal or national level
is fortification of foodstuffs to correct
specific micronutrient deficiencies e.g.
salt iodisation. However, these ap-
proaches have the problems of cost,
dependency, sustainability and

bioavailability. A cost-benefit analysis
is always important in choosing which
approach to implement.

Other strategies used to prevent
undernutrition include mass treatment
of specific diseases e.g. deworming
programs for intestinal parasites, or
treatment of schistosomiasis to prevent
anaemia.

2.8 Management of moderate
undernutrition

The epidemiology of moderate under-
nutrition is such that it precludes an
institutional approach. As such, mod-
erate undernutrition is usually managed
at the community level and a major
component of the management strategy
is dietary supplementation. Other ele-
ments such as infection treatment and
nutrition education are also included.
In terms of dietary supplementa-
tion there are no standard regimens as
in therapeutic feeding for severe un-
dernutrition, for which standardised
regimens have been developed (WHO
1999). However a common approach
in Sub-Saharan Africa is the use of ce-
real / legume blends (Harper and
Jansen 1985, Dijkhuisen 2001). In Ma-
lawi, the cereal / legume blend used is
an 80%: 20% maize / soy blend which
is either provided without micronutri-
ent fortification or sometimes fortified
with micronutrients. When provided
unfortified the general advice has been
to encourage caregivers to add oil and
egg to increase energy density and im-
prove nutrient content respectively.
The use of cereal / legume blends
though promoted has resulted in mixed
results in terms of impact on growth
(Brown et al. 1998, Dewey 2002). In
Guatemala, cereal / legume based sup-
plementation during pregnancy and
childhood resulted in improved weight
and height gain in children less than
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three years old. In older children the
effect was less marked (Martorell et al.
1994, Schroeder et al. 1995). In an-
other study, no improvement in weight
and height gain was reported among 4
to 7 month-old children (Simondon
1996). In Ghana a fortified cereal /
legume complementary food was no
more effective at improving weight
and height than an improved local
weaning food, ‘koko’ (Lartey et al.
1999). This raises the question about
the effectiveness of current policy of
supplementing moderately undernour-
ished under-5-year-old children with
cereal legume blends.

There are several reasons for the
mixed results with cereal / legume
blends. They have low energy density
making them voluminous and thus
likely to result in replacement of habit-
ual intakes of beneficiaries. Their simi-
larity to staples makes them easily ac-
ceptable but also make them easily di-
verted to other family members (Bea-
ton and Ghassemi, 1982). Furthermore
since they have to be made up into por-
ridge every time they are used, they are
labour and resource intensive resulting
in further strain on already poor house-
holds. Although their nutrient content
can be improved by micronutrient for-
tification and energy density by adding
oil, this is not always possible in poor
communities and the unfortified food
may sometimes be no better than the
usual staples.

Recently Briend and co-workers
(1999) reported use of a peanut based,
energy dense micronutrient fortified
spread called Ready to use Food
(RTUF) in therapeutic feeding of se-
verely malnourished children. RTUF
has the advantage of good storage
properties, which reduces risk of con-
tamination, making it potentially valu-
able in contaminated environments of
the developing world. Another advan-
tage is that it does not need further
processing before eating thus can eas-

ily be eaten in between meals as a
snack. The high energy density makes
it less voluminous and thus reduces
risk of replacement of the beneficiary’s
usual dietary intakes and also increases
chances of improved energy intake and
weight gain (Stubbs et al. 2000, Yao
and Roberts 2001). To date it has suc-
cessfully been used in therapeutic feed-
ing (Briend et al. 1999, Collins 2002)
and in emergency relief situations
(Collins 2001). The use of such a
spread would offer a possibility for
community management of undernutri-
tion. It has however, not yet been tried
in community settings and no studies
have been conducted to determine
whether it is culturally acceptable in
rural communities.

2.9 Justification for the present
study

The literature review revealed that un-
dernutrition remains a very big prob-
lem in most of the developing world
especially sub-Saharan Africa. The
trend whereby the gains made in the
late 1970s and early 1980s has now
been substituted by increasing preva-
lence since the late 1980s is especially
worrying. The general economic
downturn in the region has largely
been blamed for this observation. Ma-
lawi, which is one of the poorest coun-
tries in the world, has poor health and
nutritional indicators sometimes only
surpassed by countries under conflict.
Such a situation necessitated a search
for local causes of under-nutrition,
which heavily contribute to childhood
mortality in Malawi.

The literature review also showed
that certain aspects of undernutrition
have not been wholly explained. The
determination of when growth faltering
starts has been hampered by lack of an
appropriate reference standard. This

24



raised the question when growth falter-
ing actually started, as preventive
strategies have to be instituted early in
the development of the problem. For
this local studies were needed espe-
cially in Malawi where the problem pf
undernutrition is very big.

The review highlighted the fact
that determinants of malnutrition may
not have the same importance in all
settings and thus preventive strategies
that work in one place may not work in
all settings. This meant that determina-
tion of local causes and effective inter-
ventions was one way of alleviating the
problem. It has been standard to con-
sider underweight and stunting as be-
ing resultant from the same causal fac-
tors. The epidemiology of wasting and
stunting and the relationship of weight
and height gain suggested possible dif-
ference in aetiology and a need to de-
velop a clear understanding of their

relationship, which in turn may help in
developing effective interventions.

The magnitude of undernutrition in
Malawi necessitated a community ap-
proach to the management of the prob-
lem. The choices for community man-
agement were however not well devel-
oped. In searching for determinants
and preventive strategies, it is also im-
portant to develop strategies for man-
aging those children who already suf-
fer from undernutrition. To date the
strategies used for community man-
agement of malnutrition in Malawi
have largely been based on maize / soy
supplementation, the effectiveness of
which has not been fully established in
controlled situations. The fact that the
magnitude of the problem has not im-
proved is probably because current
methods may not be effective and rea-
son enough to explore new strategies.
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3. AIMS

The aim of the present study was to
describe typical growth pattern of chil-
dren, analyse occurrence and determi-
nants of undernutrition and evaluate a
community based nutritional interven-
tion for malnourished children. The
specific objectives were:

To describe the typical pattern of
growth of under 3 year old children (I).

2. To analyse the incidence and determi-

nants of malnutrition in under 3 year
old children (II).

To describe the effect of season on
growth and the relationship between
weight and height gain in under 3 year
old children (IIT).

To analyse whether supplementation

with Ready to Use Food (RTUF)

would improve dietary intakes and
short-term growth of moderately un-
der-nourished 3 to 4 year old children.
(Iv).
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4. METHODS

4.1 Study setting and subjects

4.1.1. Study Area

The study was done in Lungwena,
southern Malawi. Malawi itself is a
small southeast African country with a
population of 11 million inhabitants
(figure 5). The country was one of the
10 to 20 least developed countries in
the world with a per capita gross do-
mestic product (GDP) of 170 USD
(UNICEF 2002). Of the economically
active population, 83% were involved
in agriculture and 73% were subsis-
tence farmers producing almost all the

food they ate on small land holdings
(Malawi national Statistical Office
2000). Of the population, 85% lived in
rural areas. Climatically there were
three seasons: a rainy season between
December and April, a cool dry season
between May and August and a dry hot
season between September and De-
cember. The staple food was maize for
most of the country although cassava
and rice were also widely eaten in the
northern part of Malawi. Table 6
shows some of the important health,
socio-economic and demographic indi-
cators for Malawi.

Figure 5. Map of Africa showing location of the study area

MALAWI

ake Malawi

ungwena
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Table 6. Basic demographic and health indicators for Malawi

Indicator

Measure

Total Land area
Total population
Population density
Urbanisation rate

Per capita gross domestic product per capita (USD)

Maternal mortality ratio
Female literacy rate
Male literacy rate

Life expectancy at birth
Infant mortality rate
Under five mortality rate

Immunisation coverage (by 12 months of age)

BCG
Polio

Diphtheria, Pertusis, Tetanus (DPT)

Measles

94, 276 km®
10.3 million
105 / km?
15%

170 (1997)
1120/100,000
42%

72%

39 years
134 /1000
234 /1000

90%
73%
79%
64%

Source: Malawi Demographic and health Survey 2000 and UNICEF State of the Worlds Children

2002.

The fieldwork of the study was
done in Lungwena, a rural community
on the eastern shore of lake Malawi in
Mangochi district southern Malawi.
The study area, which was a catchment
area of a public health centre, was a
20km long by 5 km wide area about
30km from the nearest town Mangochi.
There were 23 villages and population
of 17000 people in 4200 households.
Islam was the predominant religion
and the population belonged to the Yao
ethnic group, with Chiyao as the main
language although Chichewa, the na-
tional language, was also widely spo-
ken. Subsistence farming for maize and
fishing formed the main economic ac-
tivity in the area. Maize, grown be-
tween December and March was the
main staple food. Other crops grown in
the area included cassava, sweet po-
tato, beans, and assorted vegetables.

The Lungwena health centre pro-
vided free preventive and curative ser-

vices e.g. family planning, antenatal
and delivery services, growth monitor-
ing, vaccinations and treatment of
common illnesses. Primary health care
was also provided through regular out-
reach clinics and a network of health
surveillance assistants and trained tra-
ditional birth attendants in the villages.
During a local 1994 demographic and
health survey, it was found that health
indicators for this community were be-
low the national average. To improve
the health situation in the area, the
Lungwena Child Survival Study, a
population-based longitudinal cohort
study of maternal and child health was
started. The current analysis used data
from this larger prospective study.

4.1.2 Study subjects

The study subjects were members
of the Lungwena child survival study
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cohort. The cohort comprised live born
children of mothers who attended an-
tenatal clinic at Lungwena health cen-
tre between June 1995 and September
1996. Mothers were recruited in mid
pregnancy at first booking for antenatal
care at the health centre. Background
data and maternal health characteristics
were collected at enrolment and during
the pregnancy follow up. Their live
born children formed the cohort, which
has been intensively followed up from
birth until 5 years of age. Due to a very
high enrolment and participation rate,
the children represented 95% of all
children born in the area during the
enrolment period. The subjects for the
nutrition intervention (IV) were a sub-
set of children still being followed up
in the child survival study as of August
2000 who were identified as malnour-
ished.

4.2 Data collection

4.2.1 Follow up

The children were seen as soon as pos-
sible after birth at the health centre
during which information on delivery
events and anthropometric measure-
ments were collected and a clinical ex-
amination was done. From 1 month
until 18 months trained research assis-
tants visited the children in their homes
once a month to collect information on
morbidity, feeding, development, mor-
tality, and anthropometric measure-
ments. From 18 months until 60
months, the home visits were done at
3-month intervals and information was
collected on development and anthro-
pometric measurements taken. The fol-
low up is schematically present-ed in
figure 6. The analysis for papers I to I11
is restricted to the period from birth
until 36 months of age. For paper IV

malnourished 3 to 4 year old children
still in follow up as of August 2000
were recruited.

4.2.2 Background and maternal
characteristics data

Data on the socio-economic back-
ground of the participants was col-
lected through personal interviews us-
ing structured questionnaires at enrol-
ment. Agricultural extension workers
estimated cultivated farm areas. Labo-
ratory investigations for human immu-
nodeficiency virus (HIV) infection
(Enzyme linked immunosorbent assay
(ELISA) antibody test), syphilis reac-
tivity (Rapid plasma reagin, RPR test),
malaria (peripheral blood parasitae-
mia), anaemia (haematocrit < 0.34),
were done at antenatal enrolment. Ma-
ternal anthropometry (weight and
height), gestational length (fundal
height palpation) and dietary intakes
were collected during antenatal follow
up. Delivery events and child charac-
teristics were recorded as soon as pos-
sible after birth. Detailed descriptions
of the methods have been described
elsewhere (Kulmala et al., 2001a).

4.2.3 Infant feeding, morbidity,
development and mortality

Data on infant feeding, morbidity, and
development was collected through
personal interviews using structured
questionnaires administered by trained
research assistants in the participants
homes during the regular follow up
visits. Feeding data included informa-
tion on range of foods given to the
child, length of breastfeeding, and
complementary feeding. Morbidity in-
formation collected included diarrhoea,
ARI and malaria. After any illness epi-
sode, a health seeking behaviour
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Figure 6. Follow up of study participants.
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questionnaire was also administered.
Child development was assessed by
achievement of developmental mile-
stones including sitting, crawling,
standing, walking and talking. Mortal-
ity information was collected using a
verbal autopsy validated earlier for use
in the area (Nykanen et al. 1995). All
this information was supplemented
with data obtained from health centre
records. Detailed descriptions and
definitions have been described else-
where (Vaahtera et al. 2000a).

4.2.4 Anthropometric measure-
ments

Eight trained research assistants made
home-visits to collect anthropometric
measurements at monthly intervals
from birth up to the age of 18 months
and at 3-month intervals thereafter.
Weight was measured with a spring
scale (reading increments 100 g) until
the age of 12 months. Thereafter it was
measured with a battery operated digi-
tal bathroom scale (100 g increments).
Length / height and mid-upper arm cir-
cumference (MUAC) were measured
with locally constructed length / height
boards and non-elastic tape measures,
having reading increments of 5 mm,
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and 1 mm, respectively. For length /
height, the children were measured su-
pine until they were able to stand and
erect thereafter. Scales and length /
height boards were checked and cali-
brated regularly with internal stan-
dards. To verify data accuracy, a ran-
dom sample of 5-10% of the measure-
ments was taken twice by two inde-
pendent research assistants.

4.2.5 Nutrition Intervention study

All the children from the LCSS cohort
identified as malnourished in August
2000 were recruited for the nutrition
intervention study. The children were
randomised to receive one of two food
supplements: A novel peanut based
fortified energy dense spread called
Ready to use Food (RTUF) or Likuni
phala, a 80%: 20% mix of maize/soy
flour. The follow up was divided into
three phases: In the first phase, lasting
4 weeks, the children were assessed for
growth and dietary intakes without
food supplementation. During the next
12 weeks on top of the usual follow up
the children received either maize / soy
flour or RTUF providing them with
approximately 2MJ of energy daily.
Thereafter there was a 12-week post-
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supplementation follow-up visit. The
set up and follow up of the study is
schematically shown in figure 7.

Figure 7. Follow up of subjects during the nutrition intervention

Although the two supplements
provided similar amounts of energy,
there were major differences in their
micronutrient content (Table 1 / IV).
Comprehensive medical examinations
were done before entry and at four
weekly intervals until the end of the
supplementation period. The study
physician carried out the examinations
at the health centre. Dietary 24-hour
recall assessments were done at fort-
nightly intervals from start of the study
up to the end of the supplementation
period.

Anthropometric measurements col-
lected were weight and height. One
observer (the author of this thesis) did
all the measurements at 4-weekly in-
tervals. Weights was measured with an
electronic scale (SECA 834, Chasmors
Ltd, London, UK) and recorded to the
nearest 10 g, heights with a portable
stadiometer (Harpenden stadiometer,
Holtain Ltd, UK) recorded to the near-
est 1 mm. A standard error of meas-
urement was established at the start

and end of the project by replicate,

n=31 ’\ 12 weeks Follow up visit
4 weeks,no | o) soy after 12 weeks
All children remaining || Malnourished M} —
in LCSS cohort, July children, . L.
2000. inclusion criteria: Monthly medical examinations
n=550 WAZ & HAZ and fortnightly dietary recall
Measurements <-2.0and WHZ assessments
weight and height <-0.3;n=61
n=30 \ 12 weeks Follow up visit
4 weeks, no RTUF after 12 weeks
supplement

blinded measurements of each anthro-
pometric variable in 10 children of the
same age and growth characteristics as
the study group.

Assessment of dietary intake was
done by trained local research assis-
tants, using a structured inter-active
24-hour recall method (Ferguson
1995). The method had previously
been used to quantify dietary intakes
amongst pregnant women in Lungwena
and amongst 3-5-year-old children
elsewhere in Malawi (Ferguson et al.
1995, Ndekha et al. 2000). The method
was pre-tested before the study. During
study period, dietary information was
collected on 24-hour intakes at 14-day
intervals until the end of the supple-
mentation period. The participating
household was forewarned and sup-
plied with a picture chart illustrating
local foods, which would serve as a
checklist and in which the guardians
would mark foods eaten during the
study day. The carers were also ad-
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vised to feed the participant child from
an individual plate on the day of the
study.

The process involved four stages:
All foods consumed during the previ-
ous day were first listed, using the pic-
torial food calendar. Details, like cook-
ing method and ingredients of compos-
ite dishes were then discussed with the
cook and recorded. Next, the amount
consumed at a given meal was esti-
mated, and finally the entire 24hour
recall was reviewed. The estimate of
portion size consumed was improved
by the use of graded food models, and
salted replicas (e.g. of nsima, relish or
phala) from which the mother took a
duplicate ‘serving’ which was then
weighed by the interviewer.

4.3 Statistical approach

Data entry was done with Micro-
soft Excel 7.0 while analysis was done
mainly using SPSS 10.0 statistical
software. Anthropometric indices were
calculated with EPI-INFO 6.04b soft-
ware, using the World Health Organi-
sation (WHO) adopted 1977 National

Center for Health Statistics (NCHS)
reference population (WHO 1983). The
LMS program (Cole and Huigi 2002)
was used for drawing smoothed growth
curves (I), and SAS PC software v. 8.0
(SAS/STAT software; SAS Institute,
Cary, NC) was used for modelling de-
terminants of growth (III). Calculation
of the dietary intake of selected nutri-
ents was done using a self-made pro-
gramme installed on a Microsoft
EXCEL 7.0 spreadsheet, using food
composition data from the World Food
Dietary Assessment Program (FAO
2000) (IV). Detailed statistical meth-
ods are found in the individual papers.

4.4 Ethical approval

The Malawi National Health Sciences
Research Committee approved the re-
search protocol for the Lungwena
Child Survival Study (LCSS). Univer-
sity of Malawi, College of Medicine
Research Committee, approved the re-
search protocol for the nutrition inter-
vention.
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5. RESULTS

5.1 Enrolment and follow up

Of 799 women who attended ANC
clinic at Lungwena health centre, two

dropped out during pregnancy. The
remaining women produced 813 foe-
tuses of which there were 4 abortions,
38 stillbirths and 18 sets of twins. A
total of 13,728 home visits were done
of which 38 (0.3%) were excluded be-
cause of questionable data quality. The
flow of the subjects during the follow
up is shown in figure 8 and their base-

were found to be not pregnant and two line characteristics in table 7.
Figure 8. Flow of subjects through the growth study.
Pregnancy Birth 4 Weeks 1% year ond g 3rd yrs
I L " " 1 ! 1
D ¢ 8 3 15 26
rop outs ﬂ / / / /
~
I: 797 795 || 813 767 736 P s
| =
Deaths \ \ \ \ \
4 38 28 72 38
Table 7. Background characteristics of study participants
Variable Prevalence (%) Number of
Observations

Maternal characteristics
Maternal age < 20 years 22 794
Mother illiterate 86 789
Mother HIV positive 19 782
Mother primiparous 24 795
Maternal height < 150cm 16 778
Delivery attended by trained assistant 40 795
Socio-demographic characteristics
Livestock ownership (cattle, goats or chickens) 50 795
House with more than one room 15 795
Family owns mattress, radio, bike or car 46 795
Family has safe water source 36 795
Family has latrine 76 795
Cultivated land area > 0.5 hectares 37 795
Distance to health centre >5km 50 795
Child characteristics
Preterm delivery 21 782
Low birth weight 15 476
Sex ratio (male: female) 1.05: 1.00 767
Mean (SD) birth weight (kg) 3.1(0.5) 476
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5.2 Growth pattern and timing of
growth faltering (l)

Children in Lungwena were born on
average 510 g lighter and 2.5 cm
shorter compared to the children of the
2000 CDC growth reference (figure 9a
and 9b). In the first 2 months of age,
children in Lungwena gained more
weight compared to the reference chil-
dren such that by 3 months the Lung-
wena median weight centile was al-
most at the same level as the reference
median centile. Between 3 and 18
months, the rate of weight gain in
Lungwena was consistently lower
compared to the reference. After 18
months of age weight gain in Lung-
wena was comparable to the reference.
The faltering in weight gain resulted in
progressive deviation of the Lungwena
median weight centile away from the

reference.

1.2 -

EEN Lungwena

10 1 —1 2000 CDC

0.8

0.6

0.4 -

Mean monthly gain (kg)

0.2 4

0.0 -

Cumulative difference

reference median during the first year.
After infancy, the Lungwena median
weight centile paralleled the reference
third centile. By 36 months, the falter-
ing in weight gain accounted for a
mean weight deficit of 2.3 kg.

Height gain on the other hand was
already lower at birth compared to the
reference and did not show any catch
up during the first 3 years. The differ-
ence in height gain was big initially but
decreased progressively. In the third
year height gain in Lungwena was al-
most similar to the reference. By 3
years of age, the children in Lungwena
were 10.5 cm shorter compared to the
reference children. When analysed
separately for boys and girls, boys
were in general heavier and longer at
birth and remained so throughout the
first 3 years. The difference was how-
ever, not very big (results not shown).

Figure 9 a. Weight gain of children in Lungwena compared to the 2000 US CDC growth
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Figure 9 b. Height gains of children in Lungwena compared to the 2000 US CDC growth
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5.3 Incidence and determinants
of undernutrition (Il)

Childhood undernutrition was very
common in Lungwena. At peak levels,
40% of the children were moderately
underweight, 70% moderately stunted
and 6% moderately wasted. Periods of
peak incidence of undernutrition were
6 and 18 months for wasting and un-
derweight while stunting occurred
mostly between 3 and 12 months. After
the second year of life, incidence of
stunting was rare while wasting was
fairly common (Figure 1 in II).

To identify predictors of moderate
wasting, severe underweight and se-
vere stunting, multivariable modelling
with lifetable survival regression
methods using complementary log-log
modelling was used. Some 165 (22%)
children developed moderate wasting,
216 (28%) developed severe under-
weight and 516 (67%) developed se-
vere stunting during the 36 months of
follow up. Variables evaluated for as-

sociation to undernutrition included
socio-economic factors (water and
sanitation, distance to the health centre,
livestock possession, type of housing
and parental literacy), maternal factors
(BMI, HIV status, pregnancy weight
gain, and place of delivery), and child
factors (sex, gestation age, birth size,
feeding characteristics and morbidity).
In univariable analysis, only small size
during the first 3 months of age, high
morbidity in infancy, positive maternal
HIV test, long distance to health facil-
ity, home delivery, preterm birth and
male sex were significantly associated
with undernutrition at the 0.1 level.
Three multivariable models were
built to model the independent predic-
tors of severe underweight, severe
stunting and moderate wasting. Only
variables that had significant associa-
tion with the outcomes at the 0.1 level
were included in the models. Severe
underweight was predicted by high
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morbidity in infancy (> 2.4 episodes/
month) and long distance to the health
centre, RR (95% C.I), 2.2[1.4, 3.4] and
1.6 [1.0, 2.6] respectively. Small size
during the first 3 months predicted the
occurrence of severe stunting and
moderate wasting, RR (95% C.I) 2.1
[1.3, 3.4] and 2.0 [1.1, 3.5], respec-
tively. Moderate wasting was further
predicted by high morbidity in infancy,
and maternal HIV, RR (95% C.I) 2.3
[1.5, 3.5] and 1.6 [1.0, 2.6] respec-
tively. Subgroup analysis among chil-
dren whose birth-weight data was
available (n = 230) resulted in largely
similar results, although with reduced
power.

Among the studied variables,
socio-economic status and infant feed-
ing duration were not associated with
undernutrition in the present analysis.

5.4 Seasonality of growth (lll)

To determine the effect of season on
growth we analysed the changes in
weight and height gain and the occur-
rence of malnutrition according to sea-
son. Weight and height gain followed a
clear seasonal pattern that was age de-
pendent. During the first 6 months of
age, high weight and height gain oc-
curred at the same time between June
and July while the period between De-
cember and April was one of low
weight and height gain. Anthropomet-
ric indices also followed a similar pat-
tern. Between 7 and 12 months of age,
the pattern was less clear with a lot of
fluctuation although May and June ap-
peared to be months of high weight
and height gain.

Post infancy, the seasonal pattern
became more obvious and differed be-
tween weight and height. Weight gain
was highest between May and July,
and lowest between December and
January. Height gains on the other

hand were highest between August and
October and lowest between March
and April. Weight for age Z score gain
and Weight for height Z score gain fol-
lowed a seasonal pattern similar to
weight gain while height for age Z
score gain followed a seasonal pattern
similar to height gain. The prevalence
of undernutrition followed a similar
seasonal pattern with high prevalence
of underweight and stunting occurring
after a few months of minimal weight
and height gain respectively. The sea-
sonal pattern was most marked for
wasting, where for example; the preva-
lence was about 6% in March but less
than 3% in August. For underweight
and stunting which were very preva-
lent, there was less seasonal fluctuation
after infancy.

The population level temporal rela-
tionship of height gain lagging weight
gain by about 3 months was further
examined on an individual level by a
series of Pearson’s correlation analyses
in 3-month age intervals. Height gain
in any interval was not correlated to
weight gain in the previous interval
unlike the population level pattern
above. However height gain was di-
rectly correlated to weight for height
gain in the previous interval, weight
for height at the start of height gain and
concurrent weight gain. The amount of
correlation ranged from 0.14 to 0.40.

When the above variables were
controlled for each other in partial cor-
relation analysis, height gain was only
directly correlated to concurrent weight
gain and weight for height at the start
of height gain. Up to 16% of the varia-
tion in height gain could be explained
by variation in weight gain in the same
interval and up to 14% of the variation
in height gain could be explained by
variation in weight for height Z score
at start of height gain.

To explore the relationship of
weight for height Z score to height
gain, a similar analysis as above was
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done. Weight for height Z score at any
point was directly correlated to weight
gain and weight for height Z score gain
in the preceding interval but inversely
correlated to height gain in the previ-
ous interval. In partial correlation
analysis, weight for height Z score at
any point was only directly correlated
by weight gain in the previous interval.
Preceding weight gain accounted for
up to 38% of the variation in weight
for height Z score at any point. This
suggested that the relationship between
weight gain and height gain in suc-
ceeding age intervals was indirect. In-
stead weight gain influenced weight
for height gain, which in turn influ-
enced height gain. Generally, similar
results were obtained when the analy-
sis was based on individual 3-month
seasons (January-March, April-June,
July-September and October-
December).

5.5 Supplementary feeding of
moderately undernourished chil-
dren with Ready to use Food (IV)

From 555 children still in LCSS follow
up in August 2000, 61 moderately un-
derweight and stunted children were
enrolled for the nutrition intervention.
At baseline, their average age was 52
months, mean weight was 12.5kg and
height 91cm. The average weight for
height, weight for age and height for
age Z scores were 0.9, 2.5 and 3.0 re-
spectively. Thirty-one children were
allocated to receive maize / soy flour
while 30 children received RTUF. All
children completed the follow up.
Their anthropometric and dietary char-
acteristics were comparable at baseline
(Table 2 in IV). All children except
one child in the RTUF group accepted
the dietary supplements. There were no
reported adverse reactions. From 24-
hour dietary recall assessment, 30%

(28 /92 g) of the distributed RTUF and
43% (60 / 140 g) of the maize / soy
flour was actually consumed by the
study participants. This translated into
average energy supplementation of
150kcal and 215kcal for RTUF and
maize / soy groups respectively.

Compared to baseline, mean nutri-
ent intakes during supplementation
were higher among the RTUF group
compared to the maize / soy group.
Except for Vitamin A and C, whose
intake was strongly affected by man-
goes and green vegetables coming into
season, children receiving maize / soy
did not show significant improvement
in nutrient intakes.

Children receiving RTUF received
on average daily 550KJ more energy,
I11g more fat, 2.3mg more iron and
3.2mg more zinc compared to those
receiving maize / soy flour. The in-
takes of protein, carbohydrates, cal-
cium, and vitamin A and C were
roughly similar. More children receiv-
ing RTUF achieved their recom-
mended dietary allowances for the se-
lected nutrients compared to children
receiving maize / soy flour. When
sources of dietary intake were com-
pared, part of the difference in nutrient
intakes was explained by reduced in-
takes of staples among maize / soy
group compared to the RTUF group.

In terms of growth, both supple-
ments modestly improved weight gain
but did not promote height gain. Chil-
dren receiving RTUF gained 99g /
month compared to maize / soy sup-
plemented children who gained 83g /
month. After supplementation weight
gain among children who received
RTUF continued to be greater com-
pared to maize / soy supplemented
children.
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6. DISCUSSION

The present community based prospec-
tive cohort study aimed at describing
the typical growth patterns of under-3-
year old children in rural Malawi. Of
special interest was to determine criti-
cal periods for growth faltering and
determinants of under-nutrition. Fur-
thermore, since it was evident from our
results on growth patterns that moder-
ate undernutrition was the biggest
problem in this community, we also
tested a novel food supplement for
moderately under-nourished children.
The following section discusses the
possible reasons for the observed re-
sults. The final section discusses the
strengths and limitations of the study.
The main findings are discussed in the
order of the aims.

6.1 Growth pattern and timing of
growth faltering (l)

Children in Lungwena were born small
and showed very little if any catch up
growth relative to the WHO growth
reference. The critical period for
growth faltering appeared to be be-
tween 3 and 24 months. The finding of
early growth faltering in the present
population is similar to those of other
studies from the developing countries
(Whitehead and Paul 1984, Martorell
1994, Neuman and Harrison 1994).
However, our finding of shorter mean
birth lengths is different from other
studies in the region (Neuman and Har-
rison 1994).

There are several reasons that
could explain the described growth
pattern. First, children in Lungwena

were predominantly breast fed, though
not exclusively breastfed by WHO
definition. As such, the pattern of
growth of apparent weight faltering
from about 3 months could reflect
normal growth pattern of breast fed
children. Exclusively breastfed chil-
dren tend to have higher growth rates
in the first 3 months compared to the
WHO reference. Thereafter they show
weight faltering throughout infancy
before growing at the same rate as the
reference children after 12 months of
age (WHO 1995, Dewey 1998, Victora
et al. 1998). This observation has
largely been attributed to the inappro-
priateness of the current growth refer-
ence, which is based on largely bottle
fed children. To overcome the techni-
cal inadequacies of the current refer-
ence, growth of children in Lungwena
was also compared to the technically
superior 2000 CDC growth reference
(Kuczmarski et al. 2000). The results
however, remained the same.

Secondly, the period of growth fal-
tering in this population coincided with
the period of introduction of comple-
mentary feeding and increasing mor-
bidity from infectious diseases. In Ma-
lawi, like in other developing coun-
tries, complementary feeding was in-
troduced very early (Vaahtera et al.
2001). Furthermore, the feeds that are
used are usually of low energy density
and unhygienic resulting in reduced
dietary intakes and increased infec-
tions, which together increases the risk
of undernutrition. Exacerbating the
above points is the fact that children at
this time have less protection from in-
herited maternal immunity while their
immunity is still developing, and they
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are becoming more mobile thus expos-
ing themselves to infections in the un-
hygienic environment.

A third possible explanation for
the growth pattern observed in the pre-
sent study population is that it could
well be familial. Mean adult female
was 155 cm. Male adult height was not
available but in a similar population in
Malawi it was 162cm (Pelletier et al.
1991). As such, it is possible that the
centile shift shown by the children was
a normal physiological shift to follow a
familial pattern. This assertion is en-
hanced by the observation that the ini-
tial period of growth faltering between
3 and 24 months was followed by a
period of growth, which was equiva-
lent to that of the reference children.
The pattern is, however, unlikely to be
genetic, as affluent Malawian children
have been shown to have growth pat-
terns similar to the reference popula-
tion (Malawi government. 1991). The
fact that children from developing
countries have growth similar to the
reference in ‘ideal’ environments has
been documented before (Habicht et al.
1974, Janes et al. 1981, Martorell et al.
1994).

Three possible reasons could ex-
plain the small birth size documented
in the present study: preterm deliveries,
intra-uterine growth retardation, and
maternal HIV. In the present popula-
tion, the prevalence of preterm delivery
was high at 22 % resulting in small
birth size (Kulmala et al. 2001a). Fur-
thermore, there was low energy intake
and high frequency of malaria infec-
tion during pregnancy (Ndekha et al.
2000) that could have resulted in in-
trauterine growth retardation. In the
present study length was more com-
promised compared to weight. This
finding could suggest that growth re-
tardation had already occurred even
before the third trimester. In such a
situation it has been suggested that not
only lipid accumulation but also cellu-

lar synthesis is compromised hence
such children, born short, do not show
catch up postnatally (Milner, 1988).
This is in keeping with our observa-
tions in the present study, which show
no catch up growth. Lastly, maternal
HIV, which was very widespread in
the present population (18% seropreva-
lence among pregnant women), could
also explain the small birth size. Small
birth size and child growth faltering
has been documented among children
born to HIV positive women in Sub-
Saharan Africa (Taha et al. 1995, Bai-
ley et al. 1999). These three factors
either singly or in conjunction could
have caused the small birth size and
contributed to the lack of catch up
growth in this population.

Potentially our finding of short
mean birth length could also be attrib-
uted to bias from a small sample size
due to missing birth data from most of
the participants. However, at 1 month,
when data was available for most of
the children, the length deficit per-
sisted. This suggests that our finding
represent a true situation in this popu-
lation.

6.2 Incidence and determinants
of malnutrition ()

The present study documented a very
big problem of undernutrition in this
population. The critical period for de-
velopment of undernutrition was be-
tween 3 and 24 months. Among the
studied determinants of malnutrition,
maternal HIV infection, home delivery,
gestational length, size at birth, male
sex and morbidity during infancy were
associated with undernutrition in uni-
variate analysis. None of the studied
socio-economic variables and feeding
patterns were associated with undernu-
trition. When controlled for other vari-
ables, maternal HIV, distance from
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health centre, small size at birth and
infant morbidity independently pre-
dicted the occurrence of undernutri-
tion.

Several reasons could explain the
findings above. The importance of
morbidity in the causation of under-
nutrition has been well documented
before (Scrimshaw et al. 1968, Tom-
kins and Watson 1989, Stephensen
1999, Baqui and Black 2002). In the
present study, the period of peak inci-
dence of undernutrition was also the
period when prevalence of morbidity
increases.

Morbidity causes undernutrition
through reduced dietary intakes from
reduced intake from nausea and appe-
tite loss. It also increases metabolic
demand, causes nutrient loss through
diarrhoea and malabsorption which
leads to inadequate dietary intakes and
hence undernutrition. The period of
peak incidence of undernutrition coin-
cided with a period when complemen-
tary feeding was introduced and in the
unhygienic environments of rural ar-
eas, this increased risk of morbidity
especially diarrhoea and thus undernu-
trition. In the present study population,
this risk was increased by poor adher-
ence to breastfeeding and complemen-
tary feeding guidelines (Vaahtera et al.
2001).

Low birth weight is another well-
known risk factor for undernutrition
(Bakketig et al. 1998). In the present
study with no obvious catch up growth,
smaller children during the initial 3
months of life were likely to stay small
and be at increased risk for under-
nutrition. Maternal HIV has also been
documented as a cause undernutrition
(ACC/SCN 2001). Maternal HIV could
have caused undernutrition through its
direct effects on the children, which
include low birth weight and increased
morbidity. Indirectly HIV could have
caused undernutrition through its ef-
fects on the mother such as increased

maternal morbidity, disruption of feed-
ing and childcare practices. The asso-
ciation between distance to the health
centre and undernutrition could be ex-
plained by reduced modern health care
seeking behaviour by families living
far away from the health centre.

Other important factors normally
associated with undernutrition e.g.
length of breastfeeding and socio-
economic factors were not found to be
significant predictors of undernutrition
in the present study. A possible expla-
nation for this was lack of heterogene-
ity in feeding practices and socio-
economic status to detect the impor-
tance of these factors. Furthermore, by
modelling incidence rather than preva-
lence, we were more likely to pick out
proximate causes rather than interme-
diate causes which are mediated
through other factors. However, these
factors still were important in this
population. In an earlier analysis of
determinants of prevalence of undernu-
trition in the same population, infant
feeding practices and parental literacy
independently predicted the prevalence
of severe stunting at 12 months of age
(Espo et al, 2002).

6.3 Seasonality of growth (lll)

Childhood growth in Lungwena fol-
lowed a seasonal pattern, which was
age dependent. During the first year of
life the seasonal pattern of weight and
height gain was similar but after 12
months the seasonal pattern of weight
and height gain was different. During
the first 12 months of age, weight and
height gain peaked at the same time
while after 12 months height gain
lagged weight gain by about 3 months.
The incidence and prevalence of un-
dernutrition followed a similar sea-
sonal pattern. The population level
temporal relationship of height gain
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lagging weight gain by about 3 months
was however not demonstrated at the
individual level. Our results suggested
that the relationship between weight
and height gain was indirect and
probably mediated through weight for
height.

Such a pattern of height gain lag-
ging weight gain by about 3 months
has been previously described in de-
veloping countries (McGregor et al.
1968, Tomkins et al. 1986, Brown et
al. 1982, Pollit et al. 1989, Costello
1989). Weight gain has been shown to
peak in autumn and winter while
height gain peaks in spring and sum-
mer (Gelander et al. 1994, Xu et al.
2001). The explanation for these find-
ings has differed for developing and
developed countries. In the developed
countries, this has been partly attrib-
uted to changes in the light and dark
cycle and its influence on physical ac-
tivity and growth hormone production
(Gelander et al. 1994). In the develop-
ing countries, seasonal variation in
food availability and prevalence of in-
fectious diseases seem a more plausi-
ble explanation (Brown et al. 1982,
Nabarro et al. 1988, Costello 1989,
Pollit et al. 1989).

The age dependent pattern could
be explained by the growing child’s
increasing dependency on the external
environment and its seasonal fluctua-
tion. During the first 6 months al-
though seasonality was present, it was
tempered and modified because it was
mediated through maternal health. Af-
ter this, inadequacy of breast-feeding
to meet the metabolic needs of the
child and introduction of sub-optimal
complementary foods made the chil-
dren susceptible to the effects of sea-
son. This fact could explain the less
clear pattern observed in infancy com-
pared to the period after infancy. How-
ever, other studies have documented a
seasonal pattern, which was not age
dependent (Xu et al. 2001).

Another possible explanation for
the age changing seasonal pattern of
weight and height gain is that factors
controlling weight gain and linear
growth are different in infancy and
childhood. For linear growth it has
been hypothesized that linear growth in
the first three years of age has two dis-
tinct phases: an infancy phase starting
in utero and continuing with decelerat-
ing influence until about 3 years of age
which is nutrition dependent and a
childhood phase starting at about 6 to
12 months of age which is growth
hormone driven (Kalberg et al. 1994).
This could partly explain the observa-
tion that during infancy when the nutri-
tion dependent infancy phase is strong
maximal weight and height gain fol-
lowed a seasonal pattern related to
food availability and occurred at the
same time. After infancy when height
gain is largely under the influence of
growth hormone, the seasonal pattern
of linear growth did no not coincide
with the period of good food availabil-
ity. In this period, other environmental
factors such as the light and dark cycle
and its influence on growth hormone
production (Waterlow, 1994) and
physical activity with its influence on
bone growth (Golding, 1994) could
have been more important than nutri-
tion.

The indirect relationship between
weight and height gain, which is
probably dependent on weight for
height level has been previously
documented. In nutritional rehabilita-
tion of malnourished children height
gain has been shown to ensue only af-
ter a certain level of weight for height
(Walker and Golden, 1989). In the pre-
sent study, median weight for height
was above the WHO reference in in-
fancy and below it after infancy (Fig-
ure 1 in III). The pattern of height gain
lagging weight gain was only evident
after infancy, suggesting that the pat-
tern depended on a possible level of

41



weight for height. Such a level of
weight for height could not however be
determined in this population.

It is also possible that the observed
correlations represent a normal pattern
of regression towards the mean (Davis,
1976) with children with higher weight
and height gains at one point showing
slower gains at the next interval. In
summary, our results suggest that the
factors controlling weight and height
gain are not only different but also dif-
fer during infancy and childhood. This
would imply differences in the aetiol-
ogy of stunting and underweight and
hence the need for different strategies
in tackling the two problems. How-
ever, the amount of variation in height
gain explained by the studied variables
was quite low. This indicated that there
were other variables not studied that
could have played a role. Such factors
that have been suggested to explain the
variation in height gain include physi-
cal activity and social stimulation and
other environmental factors e.g. tem-
perature.

6.4 Supplementary feeding of
moderately malnourished chil-
dren with Ready to use Food (IV)

In the present study we documented
improved nutrient intakes and weight
gain following supplementation with
RTUF. The improvements among chil-
dren receiving maize / soy were less
marked. Compared to maize / soy sup-
plemented children, more children
supplemented with RTUF achieved
RDAs for selected nutrients. Maize /
soy supplementation resulted in dis-
placement of the children’s habitual
dietary intakes unlike RTUF which did
not have this problem. However, the
study subjects consumed only a small
fraction of the provided food supple-
ments.

Several reasons could explain the
observed dietary intakes. RTUF was
more likely to increase nutrient intakes
because of its superior nutrient compo-
sition and nutrient density. High en-
ergy density food has been shown to
improve nutrient intakes and weight
gain in other situations (Stubbs et al.
2000, Yao and Roberts 2001). The
high nutrient density and the fact that it
could be eaten without further process-
ing meant that it did not result in re-
placement of the children’s usual diet.
Maize / soy on the other hand had low
energy density, thus, to achieve high
nutrient intakes, there was need to con-
sume larger amounts of it. Further-
more, maize / soy required that it be
freshly prepared into porridge every
time it was consumed. In the face of
scarce resources (time, water, fuel
wood etc), the factors above could
have hampered frequent provision of
the supplement to the children and re-
sulted in replacement of the children’s
usual dietary intakes.

In terms of growth, both supple-
ments had only modest effect on
weight gain and did not promote linear
growth. The fact that both supplements
resulted in only a modest improvement
in weight gain and no improvement in
height gain could be due to the low up-
take of both supplements. The lack of
effect on height gain could also be be-
cause height gain follows weight gain,
a fact shown in the present population
(III) as well as in other populations
(Brown 1982, Walker and Golden
1988, Costello 1989, Xu et al. 2001).
The present intervention was too short
to document an effect on height gain.
Furthermore, effect of supplementation
on growth depends on degree of
growth deficit as well as age (Lutter et
al. 1990, Schroeder et al 1995). The
present study subjects were not only
older but also not very malnourished
thereby reducing their probability to
show an effect on growth.
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Despite close supervision, not all
of the provided food supplements were
consumed by the study subjects. This
is likely to be due to sharing of the
supplement to other than the intended
beneficiaries. For maize / soy this
could have been enhance by its similar-
ity to the main staple, maize. However,
it also possible that the food was con-
sumed but not detected by our dietary
recall assessments. The assessments
were done at the end of a fortnightly
supplementation period. As such, it is
possible that the earlier rations in the
two-week period were larger and the
food had run out by the time of the as-
sessments. However, the modest effect
on growth supports the assertion that
the food was shared.

6.5 Strengths and limitations of
the study

The main strength of the study was its
design. The population-based prospec-
tive cohort design allowed for accurate
description of events of interest as well
as cause and effect relationships. The
cohort was assembled in a relatively
closed community in terms of migra-
tion since the community was matrilin-
eal and as such there was little migra-
tion of the study participants in case of
marriage breakdown. There was a very
high enrollment rate and active follow
up ensured very minimal loss to follow
up, which made our findings to be rep-
resentative of the study population.
Our findings could also reasonably
well be generalized to the Malawian
population, most of which live in rural
areas not unlike the study population.
Another strength of the study was
its ability to ensure community partici-
pation. The study was done within a
setting of provision of primary health
care through the Lungwena health cen-
tre. As such, the study was probably

perceived as an extension of primary
health care. Community participation
was enhanced by use of local research
assistants and local resources wherever
possible. Continuous re-training of the
research assistants ensured collection
of data of reasonable quality. Further-
more, having a random sample of the
measurements repeated by a different
research assistant ensured data quality.
Through this approach we were able to
detect an incident of data fabrication
by one research assistant over a period
of one month. This fabricated data was
discarded and the affected 78 home
visits treated as missed visits.

However despite the above
strengths there were some limitations,
which need be borne in mind when in-
terpreting the results.

In the present study population
most of the women delivered at home
resulting in that anthropometric data at
birth was only available for one out of
four of the study participants. This de-
ficiency reduced the power of the study
to make inferences on size at birth and
its relation to outcomes of interest. Use
of a proxy variable for birthweight and
subgroup analysis were used to be able
to make inferences about size at birth
but our results may be biased by reduc-
tion in sample size (III).

Another problem with the descrip-
tion of typical growth was the way
length / height was measured. In the
present study children were measured
supine until when able to stand erect
when height was measured. Ideally this
should have been standardized to be
able to make necessary adjustments,
which were impossible to do in this
case because of no standardized proce-
dure. As such our length/height data
could affect our results when compared
to the international standards, which
specifically differentiate length from
height. This could also have affected
interpretation of seasonality as well as
quantification of undernutrition.
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The present study wused recall
method to collect data on morbidity
and dietary intakes. The use of such
method could have resulted in recall
bias in the respective studies (III and
IV). For dietary intakes analysis, the
error was reduced by use of an interac-
tive technique aided by pictorial calen-
dar as prompts to improve recall.
While it is well known that 24-hour
dietary recall assessment biased on one
day is not representative for an indi-
vidual’s usual diet due to high intra-
individual variation in intake, the pri-
mary interest in the present study was
group estimates, which can reliably be
estimated by 24 hour recalls (Ferguson
et al, 1995).

The design of the nutritional inter-
vention also had some limitations. First
the intervention was done in toddlers
who were also not very undernourished
and such children have previously been
shown to be less responsive to supple-
mentary feeding compared to younger
children. This could have diluted the
potential effect of the intervention.
While the children represented our
primary interest group and a conven-
ient sample, for a study testing a rela-
tively novel food, a more malnourished
group would have been more desirable.
The choice of toddlers was however,
influenced by the fact that the food had
never been tried in infants. Further-
more, the wasting criterion employed

in the present study was unconven-
tional, and the results could have been
different if done in moderately wasted
children. However in the present popu-
lation and age group, the children were
very stunted and underweight such that
moderate wasting was quite rare.

Many studies describing childhood
growth in developing countries have
been conducted before. As such, the
present study might be considered re-
petitive of the earlier studies. However,
not many well-conducted population
based cohort studies have been done in
the region. Furthermore, despite the
earlier studies, Sub-Saharan Africa
poses a special challenge considering
the epidemiology of undernutrition in
the region. Viewed in this background,
the present study is necessary in terms
of helping in formulating hypotheses
for locally important issues in undernu-
trition. The nutrition intervention de-
scribed here is a result of such hy-
pothesis formulation. However, in con-
centrating on the population level as-
sociations, the study missed an oppor-
tunity to clarify some causality issues
by not studying individual level factors
through e.g. systematic clinical and
laboratory investigations. In terms of
undernutrition clinical and biochemical
markers of specific nutrient deficiency
would have helped clarify the problem
of undernutrition in the present popula-
tion.
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7. KEY FINDINGS

Childhood growth faltering in the pre-
sent population started very early.
Weight gain faltering appeared at 3
months of age while height gain falter-
ing was already present at birth. The
critical period for growth faltering in
this population was between 3 and 24
months. There was hardly any catch up
growth exhibited by the children in re-
lation to the international reference.
However, the faltering shown in this
population could well be familial and
the development of a new international
reference standard could change the
interpretation of the present findings.

Small size at birth, prematurity,
maternal HIV, infant morbidity and
distance to the health centre and home
deliveries significantly contributed to
the development of undernutrition.
There was little heterogeneity in infant
feeding patterns and socio-economic
factors to be able to separate their ef-
fects on undernutrition.

Growth in weight and height and
the prevalence of undernutrition fol-
lowed a seasonal pattern. Despite ob-
vious relationship between weight gain
and height gain at the population level,
there was no temporal relationship at
the individual level. There are other
factors not studied which could have
explained the variation in height gain.
The factors controlling weight and
height gain may be different in infancy
and adulthood and hence the aetiology
of stunting and underweight may be
different

Supplementation of moderately
stunted and underweight children with
RTUF significantly improved dietary
intakes compared to the usual supple-
ment, maize / soy flour. However, the

effect on short-term growth was less
marked. Community supplementation
with an energy dense spread reduced
the problem of ‘replacement’ but did
not overcome the problem of sharing.
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8 CONCLUSIONS AND POLICY IMPLICATIONS

The present study demonstrated that
undernutrition was a very big problem
in this community. The critical period
of growth faltering and the pattern of
incidence of under-nutrition suggested
that preventive strategies should be
targeted at the antenatal period and the
first 2 years of life. From the pattern of
growth, especially the timing of growth
faltering and the relationship between
weight and height gain, it appeared that
weight and height faltering might have
different aetiologies and as such
probably require different interven-
tions. However, it also has to be appre-
ciated that reducing the burden of un-
dernutrition in this community might
have to span several generations, espe-
cially if the growth faltering described
in the present study is familial.
Preventive interventions for under-
nutrition ought to target the determi-
nants highlighted in the present study.
Prevention of low birth weight, HIV,
improved access to health care, and
appropriate management of morbidity
in infancy are likely, among others, to
reduce the burden of malnutrition and
its consequences. Reducing the strain
posed by seasonality on food availabil-
ity and morbidity patterns would re-
duce undernutrition in this population.
This could be achieved through in-
creased food production and food secu-
rity, improved water and sanitation,
education for both boys and girls, im-
proved nutrition health education
which is culturally acceptable and gen-
eral improvements in the economic
status of rural Malawian population.
Promotion of breast-feeding and
proper supplementary feeding ought to
be encouraged to improve the nutri-
tional status of such communities. In

implementing short-term nutritional
interventions the effect of season ought
to be considered.

The present study also demon-
strated that current supplementary
feeding practices for moderately under-
nourished children using cereal / leg-
ume blends such as maize / soy flour
(Likuni phala) may not be effective.
New approaches are needed and in this
regard RTUF offers such a possibility.
In the present study it was easily ac-
ceptable and appeared to be a better
option compared to maize / soy flour.
While it is expensive in its present
form, the main ingredients are readily
available in Malawi such that a local
affordable and sustainable formulation
could be made. However, since the
current formulation was intended for
severely wasted children, newer
formulations targeting stunted under-
weight children ought to be tested.

Another important aspect of the
supplementation trial was the issue of
supplement spill over to other than in-
tended beneficiaries which none of the
supplements overcame. This necessi-
tates the need to include strong health
education messages in supplementation
programs to ensure the supplement
reaches the intended targets. Because
malnourished children tend to come
from poor households, it might not be
enough to target undernourished indi-
viduals but whole households. How
this is done while maximising benefit
and reducing cots is an issue that needs
further investigation. This emphasizes
the point that it is not enough to pro-
vide the right ‘food’ but also the to do
so in the right context.

Overall, to combat undernutrition
in this community a multisectoral ap-
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proach is needed. Strategies such as
UNICEF’s selective approach to pri-
mary health care (GOBIFFF) and its
variations ought to be encouraged. In
this regard strategies such as integrated
management of childhood illness ought
to be encouraged. It has to be noted,
however, that not all the suggested ap-

proaches are new. They are in place
and implemented with variable suc-
cess. What is important though is to
discern why they do not seem to suc-
cessfully alleviate the problem of un-
dernutrition.
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9. TARGETS FOR FUTURE RESEARCH

e The resolution of the issue of timing of

growth faltering was to some extent
hampered by the choice of an appro-
priate growth reference. However, it
would be good to reanalyze the present
data using the forthcoming WHO
growth reference. This would help re-
solve the issues of timing of faltering
and when to institute preventive inter-
ventions.

In the present study, stunting was the
major problem. However, the etiology
of stunting is not very clear. Future re-
search should attempt to explain the
etiology as this will help in designing
appropriate interventions. Several pos-
sible micronutrient deficiencies e.g.
zinc have been suggested and this
could be studied in the present popula-
tion. Also the role of physical activity
and social stimulation in linear growth
faltering could be studied in this popu-
lation.

While growth faltering was a big
problem, there were some children
who grew quite well. Rather than ad-
dressing factors that separated those
that became malnourished, it would
also be good to analyse factors that de-
termined those with above average

growth in this population. This would
highlight possible factors promoting
growth in this population.

RTUF was a promising alternative for
supplementation of moderately under-
nourished children. However, our pre-
sent results need to be validated in a
larger study and in younger children.
Furthermore a new formulation tar-
geted at moderately undernourished
children ought to be tested.

Because our results and others suggest
that cereal / legume supplementation
for moderately undernourished chil-
dren may not work as initially thought
it is important to carry out controlled
effectiveness trials to test whether it
actually works.

In the present study the problem of
leakage and replacement of usual diet
following dietary supplementation was
highlighted. Qualitative studies to un-
derstand why this happens and how to
reduce it are needed if supplementary
feeding is going to be effective.
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