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SUMMARY

Undernutrition is an important public
health problem that affects millions of
children. It contributes to poor health and
mortality and has negative consequences
that continue into adulthood. The burden
of child undernutrition is highest in sub-
Saharan Africa. Strategies for improving
nutritional status have usually targeted
dietary intake. Providing supplementary
or better complementary food is one of the
most direct interventions for the problem
of child undernutrition. To implement
effective supplementary feeding inter-
ventions, it is essential to understand the
sociocultural and behavioral factors that
affect how supplementary foods are used
in a particular setting. Such information
can be used to design improved supple-
mentary feeding programs.

The present study took place in Malawi, a
long, narrow landlocked country in south-
east Africa with high levels of some forms
of child undernutrition. This research was
carried out in the same rural area of
Mangochi District where clinical trials
testing the effectiveness of a new type of
supplementary food, lipid-based nutrient
supplements (LNS), for treating under-
weight 6-17-month-olds and for prevent-
ing undernutrition were underway. Other
members of the research team focused on
the growth and developmental outcomes of
children receiving LNS as compared to a
common supplement, corn-soy blend
(CSB), whereas this research investigated
sociocultural aspects of supplementary
food use.

The study was situated within the positiv-
ist scientific tradition and it assessed the
feasibility of compliance with supplemen-
tary feeding interventions in this setting.
Its main aim was to identify caregivers’ at-
titudes, practices, and behaviors related to
the home use of LNS. We investigated
feeding patterns and caregiver behaviors
before and during LNS use (n=16), how

patterns of LNS use changed over time
(n=16), how the supplement was used dur-
ing illness and convalescence (n=16), and
how its use compared to that of CSB (LNS
n=85, CSB n=85). Quantitative and qual-
itative data on mothers’ attitudes towards
LNS and CSB were also obtained (LNS
n=249, CSB n=255). Data were collected
through direct observations and interviews.
The majority of the data were obtained in
2005 and 2006, but interviews on maternal
attitudes continued until mid-2008.

As compared to feeding practices at base-
line and during CSB supplementation, use
of LNS did not affect the frequency of
feeding solid foods, the number or dura-
tion of breastfeeds, or the total amount of
time spent feeding the child. When LNS
was provided in jars containing a 5-day
supply, caregivers first tried giving it in
different ways, but after four weeks of use
they integrated LNS into their regular
feeding regimen by nearly always adding
it to porridge. When LNS was provided in
packets for daily use, it was more often
eaten plain than mixed with porridge. As
compared to CSB, LNS was less frequent-
ly offered as a meal, caregivers washed
their hands less often before feeding it, and
it was less likely that some of the supple-
ment was left over at the end of a feeding
episode. The same types of behavioral
patterns were identified when plain LNS
was compared to LNS mixed with por-
ridge, indicating that most of the differ-
ences in behaviors during CSB and LNS
supplementation were linked to the distinc-
tive behaviors associated with plain LNS.
The presence of leftovers at the end of
supplementary feeding episodes was asso-
ciated with low child weight-for-age.

LNS consumption was significantly lower
on days when the child was ill. The reduc-
tion in mean consumption was about 15%.
LNS intake was lowest on days with fever,
followed by days when the child had



diarrhea. There was no difference in LNS
intake on convalescent and healthy days.

Maternal attitudes towards LNS and CSB
were generally similar. Mothers reported
that both supplements were highly accept-
able, most children adapted to eating them
within two weeks, and mothers would be
willing to use them again or buy them.
Supplements tended to be thought of as
food rather than medicine. Mothers whose
children were in the LNS group were will-
ing to pay more than those in the CSB
group for a one-week supply of the sup-
plement. They were also more likely to
say that they would withhold the supple-
ment during cough because the sweetness
could worsen symptoms. Maternal educa-
tion was negatively associated and child’s
initial weight-for-height z-score was posi-
tively associated with maternal attitudes
towards withholding of supplements dur-
ing fever, diarrhea, and cough.

Similar attitudes towards LNS and CSB
suggest that caregivers would have little
trouble adopting LNS, if it were to replace
CSB, in supplementary feeding programs.
The sweetness of LNS may deter its use

i

during cough, indicating that a less sweet
version of LNS might be beneficial in this
setting. As use of LNS during illness and
convalescence is good, programs could
promote its use during these periods as a
possible way of maintaining nutritional
status. LNS supplementary feeding pro-
grams might be able to influence the way
the supplements are used by providing
clear messages that promote specific care-
giver behaviors, such as hand washing be-
fore supplement meals and mixing LNS in
a small amount of porridge to minimize
leftovers.

The results of the present study were ob-
tained from southern Malawi. They are
important because they could be used to
design interventions promoting optimal
use of LNS in this setting through informa-
tion, education, and communication tar-
geted at caregivers. The applicability of
these results for programs in other loca-
tions may vary depending on similarities
and differences in the cultural context.
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1. INTRODUCTION

Undernutrition is a major public health
problem that affects millions of young
children in low income countries (Black et
al. 2008). The largest number of under-
nourished children is found in South Asia,
but the only region of the world where a
high prevalence of undernutrition contin-
ues unabated is sub-Saharan Africa (de
Onis and Blossner 2003). Undernutrition
increases children’s risk of morbidity and
mortality (Pelletier et al. 1993, Black et al.
2008) and has consequences for human
capital formation (Victora et al. 2008).
Mild and moderate undernutrition are the
most common forms and children are most
affected between the ages of 6 and 24
months (Shrimpton et al. 2001).

There are numerous factors that contribute
to child nutritional status at the immediate,
underlying, and basic levels (UNICEF
1990). Interventions to treat or prevent
undernutrition have typically targeted the
immediate determinants of child growth by
trying to minimize infections or by im-
proving dietary intake.

The most common interventions provide
supplementary or better complementary
food. Cereal/legume blends, such as corn-
soy blend (CSB), have traditionally been
used to improve child feeding, but their
benefits to child nutritional status have
been mixed (Beaton and Ghassemi 1982,
Allen and Gillespie 2001, Dewey and
Adu-Afarwuah, 2008). A newer strategy
for improving dietary intakes is a fat-based
spread that includes milk powder and mi-
cronutrients, known as lipid-based nutrient
supplements (LNS) (Briend 2001). LNS
are now widely accepted as a community-
based treatment for severe acute malnutri-
tion (World Health Organization/World
Food Program/United Nations Standing
Committee on Nutrition/United Nations
Children’s Fund 2007). As the numbers of
children with mild and moderate under-

nutrition are much larger than those with
severe forms, there is widespread interest
in the use of LNS at the community level
for prevention and treatment (The PLoS
Medicine Editors 2008).

While finding effective dietary solutions to
the problem of undernutrition is very im-
portant, it is also necessary to understand
and study the other factors that contribute
to undernutrition and that may influence
how supplementary foods are used. The
behavioral aspects of child feeding can af-
fect how much of the supplement is con-
sumed and can have an impact on morbidi-
ty, particularly through hygiene practices
(Engle et al. 1997, Brown et al. 1998).
Child feeding practices are context-
dependent and must be identified in differ-
ent locations where supplementary foods
are used (Pelto et al. 2003). Such informa-
tion may be helpful in designing programs
that promote the use of supplements in a
given setting.

The present study was carried out among
underweight 6-17-month-old children in a
rural area of Mangochi District, Malawi.
Malawi was selected as the research site
because of the high levels of some types of
child undernutrition. Several studies on
maternal and child health were on-going in
the research area at the time when the
present study took place. Other members
of the research team investigated the ef-
fects of LNS and CSB on child growth and
development. This study focused on the
sociocultural aspects of supplement use. It
was designed to describe patterns of LNS
use over time, during illness, and as com-
pared to a commonly used alternative,
CSB. Caregiver behaviors during LNS
and CSB supplementation were also inves-
tigated, and maternal attitudes towards the
use of the two supplements were ex-
amined.



2. LITERATURE REVIEW

The aim of this literature review is to pro-
vide the background for the present re-
search. The review defines undernutrition
and describes the global status of child
undernutrition as well as its consequences.
The factors that contribute to undernutri-
tion are also discussed, with particular em-
phasis on the behavioral and cultural de-
terminants of child feeding. As this study
was conducted in Malawi, country-specific
information about child nutritional status,
feeding behaviors, and beliefs about child
health and feeding are provided. Finally,
interventions for the management of
undernutrition are described, and the justi-
fication for the study is given.

2.1 Definition of undernutrition and
measurement of nutritional status
Undernutrition is the inadequate intake and
use of energy and nutrients to maintain
normal body functions and daily activities,
including growth, fighting infections,
working, and learning (UNICEF 2006a).
There are several forms of undernutrition
including stunting, wasting, underweight,
and micronutrient deficiencies (Black et al.
2008).  Micronutrient deficiencies are
usually detected using physical signs or
biochemical markers. Other forms of
undernutrition can be identified in several
different ways, but are commonly found
by taking anthropometric measurements,
most often weight and height (or recum-
bent length for children less than two years
of age).

Three anthropometric indices are used to
assess nutritional status in children:
height-for-age,  weight-for-height, and
weight-for-age. Low height-for-age or
stunting indicates chronic or long-term
undernutrition (WHO Working Group
1986). A child who is stunted has had a
slowing of skeletal growth. Low weight-
for-height or wasting is a sign of acute or
short-term undernutrition (Cogill 2003). A
wasted child has a deficit of tissue and fat

as compared to a child of the same height
or length. Low weight-for-age or under-
weight provides information about long-
and short-term undernutrition. A child
who is underweight may have both low
stature and loss of body mass (Allen and
Gillespie 2001). The degree of stunting,
wasting, and underweight is determined by
comparing an individual’s measurements
to those of children of the same age or
height in the reference population and ex-
pressing the difference as a z-score (Allen
and Gillespie 2001, Cogill 2003). Z-scores
allow for comparisons between children of
different ages or heights and make it pos-
sible to compare the nutritional status of
populations. Severe undernutrition occurs
when an individual is more than 3 standard
deviations below the reference, moderate
undernutrition is when a child is between 2
and 3 standard deviations below the refer-
ence, and mild undernutrition occurs when
a person is between 1 and 2 standard devi-
ations below the reference.

The proportion of the population who are
considered to be undernourished depends
on which growth reference or standard is
used. Until recently the U.S. National
Center for Health Statistics (NCHS/WHO)
1976 and the U.S. Centers for Disease
Control (CDC) 2000 growth charts were
often used as references (U.S. Public
Health Service 1976; Kuczmarski et al.
2002). These have been criticized due to
the type of reference population (largely
formula fed, affluent children from one
U.S. community) and the statistical meth-
ods used to construct the growth curves
(WHO 1995, Garza and de Onis 1999,
Kuczmarski et al. 2002). Due to these
concerns, WHO began its Multicentre
Growth Reference Study in the late-1990s
with the aim of producing a growth stan-
dard that could be used worldwide and that
would represent the growth of breastfed
children living in optimal conditions
(WHO 2006). A growth standard differs



from a growth reference in that it is based
on a population of children who are
deemed to be growing normally and living
in optimal conditions, whereas a reference
can be developed from any large enough
population of reasonably healthy children
(WHO Working Group 1986). When
using the new WHO standard as compared
to the NCHS/WHO reference, stunting is
detected more frequently throughout
childhood, rates of underweight are higher
during the first six month of life and then
decrease, and rates of wasting are higher
during the first year of life (WHO 2006).

2.2 Consequences of undernutrition

Poor nutrition during the first two years of
life is linked to a variety of negative health
and other outcomes both in the short- and
long-term (Martorell 1999). The most ob-
vious short-term effects of undernutrition
are delayed growth and increased risk of
childhood morbidity and mortality. More
than half of all child deaths are attributable
to low weight-for-age (Pelletier et al.
1993, Caulfield et al. 2004), and more than
80% of these deaths are in children with
mild to moderate undernutrition (Pelletier
et al. 1995). A recent review found that
mortality is associated with all forms of
child undernutrition (underweight, wast-
ing, and stunting), not just underweight
(Black et al. 2008). Globally, approx-
imately 15-20% of deaths (and a similar
proportion of disability adjusted life years)
are due to underweight, stunting, and wast-
ing among children less than 5 years of
age.

Undernutrition, including mild and mod-
erate forms, is also associated with delayed
cognitive, motor, and behavioral develop-
ment during childhood (Sigman et al.
1989, Grantham-McGregor et al. 1991,
Gorman and Pollitt 1992, Grantham-
McGregor et al. 1997, Cheung et al. 2001,
Siegel et al. 2005, Olney et al. 2009). The
effects of undernutrition on cognitive abili-
ties persist, but may become somewhat at-
tenuated later in childhood and into adult-

hood, and they are dependent on the sever-
ity of stunting during the first two years of
life (Grantham-McGregor 1997, Mendez
and Adair 1999, Walker et al. 2005).

Pre- and post-natal nutritional status also
has an effect on schooling, adult height,
adult earnings, and size of offspring (Vic-
tora et al. 2008). Poor nutritional status
(particularly low height-for-age) during
early childhood is associated with delayed
entry in school, fewer years of schooling
completed, and lower school performance
(Alderman et al. 2003, Li et al. 2003, Dan-
iels and Adair 2004). Both intrauterine
growth restriction and linear growth failure
during the first 1-2 years of life affect
adult stature (Li et al. 2003, Stein et al.
2009). The effects of early nutrition on at-
tained height and schooling are important
because individuals who are shorter and
have reduced lean body mass are less ca-
pable of doing manual labor. This togeth-
er with lower educational attainment leads
to decreases in earnings and household in-
come levels (Alderman et al. 2003, Hoddi-
nott et al. 2008, Victora et al. 2008). Adult
height of mothers also affects the birth size
of the next generation, which causes the
cycle of undernutrition to continue
(ACC/SCN 2000, Victora et al. 2008).

2.3 Occurrence of undernutrition

Child undernutrition is highly prevalent in
low- and middle-income countries. Glob-
ally, among children younger than 5 years
of age, 20% (111 million) are estimated to
be moderately or severely underweight,
32% (178 million) are moderately or se-
verely stunted, and 10% (55 million) are
moderately or severely wasted (Black et al.
2008). In relation to the WHO growth
standard, underweight is most common in
south-central Asia and east Africa. The
prevalence of stunting is highest in east
and central Africa, while wasting occurs
most frequently in south Asia. Due to the
large size of the population in south Asia,
this region accounts for the largest number
of undernourished children. However, the



Table 1: Regional prevalence of undernutrition in children <S5 years of age as
compared to the NCHS/WHO reference

% of children <5 years with:

Moderate Moderate Moderate
or severe or severe or severe
underweight wasting stunting
Sub-Saharan Africa 28 9 38
Middle East and North Africa 17 8 26
South Asia 45 18 38
East Asia and Pacific 14 - 16
Latin America and Caribbean 6 2 16
CEE/CIS 5 2 12
Source: UNICEF 2008
absolute and relative burdens of under- lespie 2001, Shrimpton et al. 2001). Food
nutrition are higher in children living in supplementation trials have also shown
sub-Saharan Africa than in other regions that this is the period of greatest impact on
(Black et al., 2008). Table 1 shows the growth (Lutter et al. 1990, Schroeder et al.
proportion of children in different regions 1995). Stunting during this age range can
who are underweight, wasted, and stunted be reversed if the period of growth is
as compared to the NCHS/WHO refer- lengthened by delayed maturation. How-
ence. ever, the delays in maturation in develop-
ing countries are not adequate to allow for
Regional trends in the prevalence of stunt- full catch-up growth so that stunting early
ing from 1980 to 2020 have been esti- in life is difficult to reverse if children
mated using the WHO global database on continue to live in the same environment
child growth and malnutrition (de Onis where the stunting occurred (Martorell et
and Blossner, 2003). The prevalence of al. 1994).
stunting during childhood has been de-
creasing worldwide, but the rate of de- 2.4 Determinants of nutritional status
crease is much slower in Africa than in Although human growth is determined by
other regions. In addition, the actual num- an interaction between genes and environ-
ber of stunted children has been increasing ment, studies of growth concur with epi-
in Africa while it has decreased in other demiological evidence that environmental
regions (de Onis and Blossner 2003). The factors have the largest impact on nutri-
prevalence of stunting and wasting vary by tional status during the first 2 years of life
age (WHO Working Group 1986). Severe (Tse et al. 1989, Tanner 1990, Silventoi-
wasting has a higher prevalence at younger nen et al. 2008a, Silventoinen et al.
ages and declines by the age of 2 years, 2008b). The influence of the environment
whereas the prevalence of stunting in- on nutritional status can also be seen in re-
creases until it levels off at the age of 2 search on growth potential, which has
years (Shrimpton et al. 2001, Black et al. demonstrated that the growth of children
2008). in low- and high-income countries is simi-
lar if an appropriate environment is pro-
It has been recognized that the period from vided (Martorell et al. 1988, Quinn et al.
6-24 months is the most important time for 1995, Bhandari et al. 2002, WHO Multi-
preventing undernutrition because it is centre Growth Reference Study Group
when growth faltering is most likely to oc- 20006).

cur (Martorell et al. 1994, Allen and Gil-



Because the environment in which a child
lives is amenable to change, while genetic
factors are not, programs and research to
improve child nutritional status have fo-
cused on factors in the environment. The
environmental factors that contribute to a
child’s nutritional status and the connec-
tions between them were first elucidated in
a conceptual model developed by the
United Nations Children’s Fund (UNICEF
1990) and later modified several times
(Engle et al. 1997, Smith and Haddad
2000, Black et al. 2008). An adapted ver-
sion of the model is found in Figure 1.

The factors that contribute to nutritional
status can be divided into three levels:
immediate, underlying, and basic. The
immediate determinants focus on the indi-
vidual and include the child’s dietary in-
take and health status. The underlying de-
terminants include elements at the house-
hold and community level, such as caring
behaviors, household food security, health
services, and household environment plus
the resources required for these to occur.
The basic determinants of child nutritional
status are the social, political, and econom-
ic context and the resources available at
the broader societal level. As the basic de-
terminants influence those at the underly-
ing level and the underlying determinants
contribute to the immediate ones, a lack or
inadequacy of one or more factor at any
level has a negative impact on the child’s
nutritional status.

The development of the UNICEF concep-
tual model represented a shift in the focus
of research and programs targeting child
undernutrition by placing emphasis on the
behavioral aspects of child feeding and the
context in which feeding occurs. In addi-
tion to the biological aspect of feeding
(what is being fed), the model indicates
that the behavioral aspects (the when,
where, who, how, and why of feeding) are
also important (Pelto et al. 2003). When is
concerned with the frequency and timing

of feeding. Where refers to the place
where the child is fed, the amount of dis-
traction present, and the possibility for in-
teraction with the caregiver. Who looks at
the relationship of the feeder to the child.
How focuses on issues such as the type of
utensil used, the method of feeding, and
the feeding style. Why refers to the deter-
minants of feeding practices, including be-
liefs, knowledge, and attitudes.

This section of the literature review first
discusses the immediate determinants of
child nutritional status (the role of illness
in feeding and growth and what children
are fed) then turns to the behavioral as-
pects of child feeding (when, where, who,
how, why). The highlighted elements of
the conceptual model (in Figure 1) were
included in this study and are the focus
here.

2.4.1 The role of illness in child feeding
and growth

Children in low-income countries suffer
frequently from common infectious dis-
eases and other illnesses (Mata et al. 1977,
Lindjtorn et al. 1992, Muhe et al. 1995,
Vaahtera et al. 2000). The relationship be-
tween infection and undernutrition has
been described as synergistic (Scrimshaw
et al. 1968, Scrimshaw and SanGiovanni
1997). Infections are said to precipitate or
aggravate undernutrition while undernutri-
tion lowers resistance to infection, result-
ing in a vicious cycle. The lower immuni-
ty present in undernourished children
makes it easier to get infections and more
likely that the infections will be more se-
vere than in well-nourished children (Allen
and Gillespie 2001). Undernutrition, in-
cluding micronutrient deficiencies, predis-
poses children to diarrhea, respiratory in-
fections, malaria, other infections, and co-
morbidities (Scrimshaw et al. 1968, Briend
1990, Caulfield et al. 2004, Kazembe and
Namangale 2007).
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The association between common infec-
tions, such as diarrheal disease, respiratory
infections, and malaria, and child under-
nutrition has also been demonstrated in
numerous studies (Mata et al. 1972, Mar-
torell et al. 1975, Condon-Paoloni et al.
1977, Rowland et al. 1977, Black et al.,
1984, Zumrawi et al. 1987, Rowland et al.
1988, Moore et al. 2001, Checkley et al.
2003). Infections are thought to contribute
to undernutrition due to decreased intestin-
al absorption of nutrients, anorexia, cata-
bolism, and increases in the metabolic rate
during fever (Scrimshaw and SanGiovanni
1997). Although diarrhea appears to have
the strongest and most consistent negative
effect on growth (Black et al. 1984, Moore
et al. 2001, Checkley et al. 2003, Black et
al. 2008, Checkley et al. 2008), the link
between diarrhea and undernutrition has
been questioned due to temporal ambiguity
and the transient effects of diarrhea on
growth of children older than 6 months
(Briend 1989, Briend 1990).

During episodes of illness, children tend to
lose their appetites and their intake of
complementary food is decreased, espe-
cially when they have fever and diarrheal
disease (Mata et al. 1977, Brown et al.
1995a). Mothers report that their infants
and young children have poor appetite
most frequently on days with fever, fol-
lowed by days with diarrhea and respira-
tory illness (Brown et al. 1995a, Gryboski
1996). Several studies indicate that there
are no reductions in breastmilk intake dur-
ing illness, but that energy intake from
non-breastmilk sources is reduced by 5-
30% (Mata et al. 1977, Martorell et al.
1980, Brown et al. 1985, Brown et al.
1990, Dickin et al. 1990).

There is some evidence to support the idea
that an adequate dietary intake may be
more important to growth than the preven-
tion of infections. Modeling of data from
Bangladesh showed that increasing child-
ren’s energy intake to the recommended
values would have a greater effect on their

weight gain than eliminating fever and di-
arrhea combined (Becker et al. 1991).
This is consistent with findings from
Colombia which showed that diarrhea did
not affect the linear growth of children
with adequate dietary intake (i.e., those
who received food supplements during the
first three years of life) (Lutter et al. 1989).
Further, data from Peru indicate that only
among those children who usually had low
energy intake was there a significant rela-
tionship between diarrhea and increments
of weight gain (Brown 1990).

The fact that children have poor appetite
during illness and that adequate feeding
during illness could minimize the effects
on nutritional status has led to a recom-
mendation by WHO that caregivers should
encourage their children to continue eating
during illness (PAHO/WHO 2003). It has
been suggested that targeted supplemen-
tary feeding during illness (and convales-
cence) could assist caregivers to continue
feeding children, but information about the
consumption of supplements during illness
and other evidence to support this hypo-
thesis are not yet available.

2.4.2 What the child is fed - child’s
dietary intake

There are several aspects of breastfeeding
and complementary feeding that are neces-
sary for achieving adequate dietary intake
in children, and they have been summa-
rized in the Guiding Principles for Com-
plementary Feeding of the Breastfed Child
(PAHO/WHO 2003). Those guiding prin-
ciples that are relevant to the present study
are cited in different sections of this litera-
ture review.

It is recommended that after six months of
exclusive breastfeeding children should
continue to be breastfed up to two years of
age or more while receiving complemen-
tary foods (WHO 1995). Breastmilk is an
important component of child nutrition
beyond the first year of life. Once com-
plementary foods are introduced, breast-



milk still provides a considerable propor-
tion of daily dietary energy, fat, essential
fatty acids, and micronutrients (Prentice
and Paul 1990, Brown et al. 1998, Agosto-
ni et al. 1999, Dewey and Brown 2003,
Kimmons et al. 2005, Brown et al. 2009).
It is also likely to have an important nutri-
tional benefit during illness, when breast-
feeding is usually continued even if the
child’s appetite for complementary foods
is reduced (Brown et al. 1985, Brown et al.
1990, Dickin et al. 1990).

In addition to maintaining breastfeeding,
caregivers should start feeding children
small quantities of complementary food at
the age of six months and gradually in-
crease the amount as the child grows older
(PAHO/WHO 2003). Estimates for the
amount of energy breastfed 6-8, 9-11, and
12-23 month olds need from complemen-
tary food have been made by subtracting
the average breastmilk energy intake from
the total energy requirements and are
available in Brown et al. (1998) and Dew-
ey and Brown (2003).

2.4.3 When the child is fed

Caregivers should increase meal frequency
with age so that breastfed children would
receive complementary food meals 2-3
times per day at 6-8 months and 3-4 times
per day thereafter (PAHO/WHO 2003).
Data compiled from studies in 16 countries
indicate that feeding young children 3 or
more times per day is the common practice
in most locations, but lower frequencies
were detected in a few places (Pelto et al.
2003). At the individual level, actual meal
frequency depends on the energy density
of the complementary food, the amount of
food consumed during meals, and the level
of breastmilk intake (Brown et al. 1998,
Dewey and Brown 2003). Children con-
sume more of low than high density foods,
but their total energy intake is positively
associated with energy density and meal
frequency (Bennett et al. 1999, Islam et al.
2008). However, as the number of meals
increases, children consume less at each

subsequent meal so that increasing the
number of meals beyond 4-5 per day has a
limited impact on the total amount in-
gested (Brown et al. 1995b). The amount
of time spent feeding children depends on
the number of meals, not on the energy
density of the food (Brown et al. 1995b).

Feeding frequency and the types of food
offered to children may also depend on
broader socioeconomic factors. Seasonal
patterns of food security and agricultural
labor have been shown to affect the
amount of food present in the home and
the number of meals prepared per day
(Quinn et al. 1990).

2.4.4 Where the child is fed

Although feeding the child in a protected
location, where disturbances are limited
and interaction with the caregiver is possi-
ble, is considered to be an important part
of appropriate care during feeding (Engle
et al. 2000, PAHO/WHO 2003, Pelto et al.
2003), very few studies have reported
where children were fed. The most de-
tailed information comes from an observa-
tional study in Bangladesh, where both the
physical location (e.g., in the house, on the
porch) and the child’s position (e.g., on an
earth surface, in arms of caregiver) during
feeding were recorded (Guldan et al
1993a). A study using videotaped data
from Vietnam provided data on the child’s
position during feeding and found that this
varied by age (Dearden et al. 2009). It is
notable that some studies have reported
that children ate on an earth surface some
or most of the time as this could have im-
plications for diarrhea transmission if the
child touches the soil and then uses his or
her hands to continue eating (Dettwyler
1986, Guldan et al. 1993a). However, the
influence of where the child eats on intake
and child health outcomes has not been
adequately studied (Pelto et al. 2003).

2.4.5 Who feeds the child
In a review of the behavioral aspects of
child feeding, mothers clearly played a



major role in feeding, with other relatives
assisting part of the time (Pelto et al.
2003). The amount of self feeding by the
child increases with age (Moore et al.
2006, Dearden et al. 2009), and self feed-
ing occurs more often during snacks than
meals (Engle and Zeitlin 1996). There is
some evidence that children who self feed
(when they have reached the appropriate
developmental stage) consume more food
than those who do not (Moore et al. 2006),
which could be important in settings where
child undernutrition is common.

2.4.6 How the child is fed

The how of child feeding includes several
elements focused on different aspects of
care, such as responsiveness, the type of
utensil used for feeding, and hygiene dur-
ing meals. Care has been defined as “the
provision in the household and the com-
munity of time, attention, and support to
meet the physical, mental, and social needs
of the growing child” (Engle et al. 1997,
pg. 2). It is a transaction between the care-
giver and child in which the interactions
between the pair depend on the character-
istics of each individual and on their pre-
vious interactions (Engle et al. 1997). One
of the key aspects of care is the caregiver’s
responsiveness to the child’s physical and
verbal cues (Bornstein et al. 1992,
Bornstein et al. 2008). Responsiveness is
defined as caregivers’ prompt, contingent
and appropriate reactions to their children
(Ainsworth et al. 1974).

Several elements of responsiveness during
feeding have been measured in studies
conducted in developing countries, includ-
ing how caregivers adapt to the child’s
psychomotor abilities to self feed, their
reactions to the child’s hunger and satiety
cues, and the amount of physical assis-
tance and verbal encouragement offered
(Bentley et al. 1991b, Engle and Zeitlin
1996, Ha et al. 2002, Moore et al. 2006,
Dearden et al. 2009). The ratio of self
feeding to caregiver physical assistance is
important in defining the caregiver’s feed-

ing style, which runs on a continuum from
laissez-faire to controlling, with a respon-
sive style located somewhere in between
(Birch and Fisher 1995). Observational
research in Nigeria indicates that caregiv-
ers can be very controlling, force feeding
their children at nearly every meal (Bent-
ley et al. 1991a, Oni et al. 1991a). How-
ever, data from many other developing
countries shows that caregivers’ feeding
styles are most often laissez-faire. They
either expect children to self feed from an
early age (Dettwyler 1986) or offer little
assistance or encouragement (Bentley et
al. 1991b, Engle and Zeitlin 1996, Gittle-
sohn et al. 1998, Ha et al. 2002, Moore et
al. 2006, Dearden et al. 2009). Caregivers’
level of responsiveness is not static and
may vary in response to children’s appe-
tite, age, and by type of feeding episode
(Bentley et al. 1991b, Engle and Zeitlin
1996, Arimond and Ruel 2002, Ha et al.
2002, Moore et al. 2006). There is evi-
dence that some aspects of responsiveness
are linked with food intake and growth
(Ruel et al. 1999, Dearden et al. 2009).

The type of utensil used during feeding is
related to the age of the child, the consis-
tency of the food, and to cultural ideas
about the appropriate way to eat specific
types of food. It can also indicate the level
of caregiver control over feeding and how
the caregiver reacts to the child’s ability to
self feed with different utensils, such as a
spoon. A review of complementary feed-
ing studies grouped cup, bowl, or spoon
into one category and found that this was
the most common utensil type (Pelto et al.
2003). Use of certain types of utensils for
feeding can have implications for child
growth. One study in Guatemala found
that mothers with undernourished children
frequently fed their children gruels and
broths from a bottle while those with nor-
mal weight children did not (Izurieta and
Larson-Brown 1995).

Hygiene during meals is another important
aspect of care during feeding. Household



hygiene behaviors are linked to the preva-
lence of child diarrhea (Bartlett et al.,
1992, Gorter et al. 1998, Ejemot et al.
2008, Fewtrell et al. 2005). Specific hy-
giene practices that are essential to child
health and nutrition include: safe disposal
of feces, cleaning children after defecation,
and hand washing (Almedom 1996, Curtis
et al. 2000, Arimond and Ruel 2002).
Washing hands before eating is one way to
break the oral-fecal cycle, thereby prevent-
ing diarrhea. Caregivers were observed to
wash their hands before child feeding
about 2/3 of the time in Zaire (Manun’Ebo
et al. 1997), while they reported washing
hands 3/4 of the time in the Philippines
(Sakisaka et al. 2002) and all of the time in
the Dominican Republic (McLennan and
Spady 1994). Information about child
hand washing before eating is sparse. A
study in Nicaragua found that children’s
hands were rarely washed before any type
of eating event (snack, midday meal, or
bottle) (Engle and Zeitlin 1996).

Feeding, hygiene, and other caring prac-
tices tend to cluster and some minimum
number of good practices may be neces-
sary to make a difference (Dettwyler 1986,
Kaltenthaler and Drasar 1996, Arimond
and Ruel 2002). Evidence from positive
deviance programs and studies indicates
that while some mothers perform many
good practices and have well-nourished
children, most mothers with undernour-
ished children do not do these practices
(Zeitlin et al. 1990, Guldan et al. 1993b,
Wollinka et al. 1997, Sternin et al. 1998).

2.4.7 Why the child is fed in this manner
- caregiver education, knowledge, and
beliefs

Maternal education, knowledge, and cul-
tural beliefs have an important influence
on feeding behaviors and child nutritional
status (Pelto et al. 2003). A number of
studies have found a strong, positive asso-
ciation between maternal education and
child nutritional status (Frongillo et al.
1997, Smith and Haddad 2000, Heaton et
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al. 2005, Boyle et al. 2006, Semba et al.
2008). In some settings, maternal educa-
tion has the strongest effect on child nutri-
tion at the lowest end of the economic
scale, while in others a certain socio-
economic threshold must be attained for
education to have an influence (Ruel et al.
1992, Reed et al. 1996, Ruel et al. 1999).
Maternal schooling is also positively asso-
ciated with hygiene and health-seeking be-
haviors (Gorter et al. 1998, Armar-
Klemesu 2000). The mechanisms by
which maternal education affects child
outcomes are complex and not fully un-
derstood. Formal education could influ-
ence child nutritional status and health
through maternal nutrition knowledge
(Ruel et al. 1992, Glewwe, 1999); child
care practices (Cebu Study Team 1991,
Joshi 1994, Ruel et al. 1999); ability to
access and process information (Barrera
1990, Thomas et al. 1990); acquisition of
skills, such as literacy (Joshi 1994); greater
decision-making power over household re-
sources (Wachs 2008); or some combina-
tion of these.

It is known that women obtain nutrition
and health information from a variety of
sources other than schools, including me-
dia, relatives, and community health ser-
vices (Thomas et al. 1990, Glewwe 1999,
Block 2002, Webb and Block 2004), but it
is not clear whether formal maternal
schooling and nutrition knowledge interact
(Thomas et al. 1990, Ruel et al. 1992,
Glewwe 1999, Block 2002) or act inde-
pendently on child nutritional status
(Guldan et al. 1993a, Lamontagne et al.
1998, Heaton et al. 2005). It is possible
that formal education and nutrition know-
ledge are related to different aspects of
child nutritional status. Webb and Block
(2004) found that maternal nutrition know-
ledge was more important than formal
schooling in determining short-term child
nutritional status (WHZ) while the reverse
was true for long-term outcomes (HAZ).



Higher levels of maternal education are
also associated with better child feeding
and caring practices, including introducing
complementary foods at the appropriate
age, feeding more frequently, feeding res-
ponsively, feeding better quality food, and
feeding in a cleaner, more protected place
(Guldan et al. 1993a, Guldan et al. 1993b,
Armar-Klemesu et al. 2000, Wamani et al.
2005). Educated mothers are reported to
take more control over feeding and to be
committed to more labor-intensive child
care (Guldan et al. 1993a).

In addition to the influence of mothers’
knowledge and education on child care
and nutrition, the cultural context plays an
important role in the formation of mothers’
beliefs about child feeding and caring
practices (Engle et al. 1997, Pelto et al.
2003). Beliefs about what, where, when,
and how to feed infants and children are
frequently linked to local perceptions
about child growth and development (Pelto
et al. 2003). This point is illustrated below
with examples from Malawi. Other as-
pects of child growth and feeding in
Malawi are also described in the following
section.

2.5 Child health, nutritional status, and
feeding in Malawi

The present study took place in Malawi, a
small country in southeast Africa. General
background information about Malawi and
the study site are provided in the Methods
section (Chapter 4). Details about child
health, nutritional status, feeding practices,
and beliefs related to infant and child feed-
ing are described here.

During the first year of life in a rural area
of Malawi, infants were reported to be ill
for an average of 32 days, comprising
about 4 illness episodes (Vaahtera et al.
2000). The most common illnesses were
diarrhea and acute respiratory infection,
followed by malaria (Vaahtera et al. 2000).
The mean number of illness episodes doc-
umented in Malawi was towards the low
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end of the range reported in other studies
of morbidity in sub-Saharan Africa (Oni et
al. 1991b, Lindtjorn et al. 1992, Muhe et
al. 1995). This was probably because the
study in Malawi included only infants (< 1
year of age), who receive some protection
from infections through breastmilk, while
the other studies included infants plus
children up to 5 years of age.

As compared to the NCHS/WHO refer-
ence, the prevalence of moderate and se-
vere undernutrition in Malawian children
< 5 years is: 21% underweight, 4% wast-
ed, and 46% stunted (UNICEF 2008). The
prevalence of underweight and wasting are
slightly lower in Malawi than in the whole
of sub-Saharan Africa, while the preva-
lence of stunting is somewhat higher (see
Table 1). The patterns of prevalence of
wasting and stunting in Malawi are similar
to those at the global level, with the preva-
lence of stunting in Malawi increasing un-
til 18 months and then leveling off and the
prevalence of wasting peaking from 15-21
months and then declining (Maleta et al.
2003a). Rural Malawian children weighed
510 g less and were 2.5 cm shorter at birth
than the CDC 2000 reference (Maleta et al.
2003b). Their weight gain was lower than
the reference population until the age of 18
months, after which it was comparable up
to 36 months. There was no catch-up in
height during the first three years of life,
so that the Malawian children were 10.5
cm shorter than the reference by 36
months of age (Maleta et al. 2003b).

There are marked seasonal changes in food
security in Malawi, with food supplies at
their lowest during the rainy season and at
their highest during the harvest period.
Meals are prepared less frequently during
the food shortage season due to mothers’
participation in agricultural labor and low
household food stocks (Quinn et al. 1990).
Children consume more of their energy
from cereals and less from legumes in the
food shortage season (Ferguson et al.
1993). Seasonal differences in patterns of



food use and availability are reflected in
the age-dependent seasonality of growth in
Malawian children (Maleta et al. 2003c¢).

Nearly all Malawian mothers breastfeed
their children and the mean duration of
breastfeeding is 23 months (National Sta-
tistical Office [Malawi] and ORC Macro
2005). Complementary food, in the form
of very thin maize gruel, is given at 2-3
months of age and family foods, most fre-
quently stiff maize porridge (nsima) and
relish made of beans, green vegetables, or
fish, are given at 4-6 months of age (Hotz
and Gibson 2001, Vaahtera et al. 2001,
Kalanda et al. 2006). The mean comple-
mentary feeding frequencies are 3 £ 1 in 6-
8 month-olds and 4 + 1 in 9-23 month-olds
(Hotz and Gibson 2001). The energy den-
sities are adequate for the feeding frequen-
cy in all age groups compared to densities
recommended in Brown et al. (1998). This
is most likely due to the fact that family
foods are introduced early so that the food
is thick enough to have adequate energy
density. Among 6-23-month-olds, energy
intakes are low in comparison to interna-
tional recommendations by age and the di-
et lacked adequate calcium, iron, zinc, and
niacin (Hotz and Gibson 2001). In relation
to the international recommendations out-
lined by PAHO/WHO (2003), the duration
of breastfeeding, the feeding frequency,
and the energy densities of complementary
foods are adequate, but exclusive breast-
feeding is short-lived, complementary
foods are introduced very early, and ener-
gy and nutrient intakes are deficient.

Some of these feeding practices are deter-
mined, in part, by local cultural beliefs.
Malawian mothers usually breastfeed their
infants, and colostrum and breastmilk are
considered to be good because they protect
infants from diseases and give them ener-
gy (Bezner Kerr et al. 2007). However,
exclusive breastfeeding ends early because
different types of herbal water are given
during the first 1-2 months of life to pro-
tect the child from illnesses believed to be
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caused by the parents’ failure to follow
sexual abstinence rules (Bezner Kerr et al.
2008). Thin maize porridge and other
complementary foods are typically intro-
duced in the first 2-4 months of life in
response to the baby crying (Hotz and
Gibson 2001, Bezner Kerr et al. 2007).
The baby’s cries are taken to be a sign that
the child is hungry because its mother’s
milk is insufficient. In this region of
Africa, porridge is the only type of food
that is prepared especially for the infant
(Cosminsky et al. 1993, Mabilia 1996,
Hotz and Gibson 2001). Grandmothers in
the northern part of Malawi play an impor-
tant role in decision-making about child
feeding and caring, particularly with re-
spect to introduction of herbal water and
complementary foods (Bezner Kerr et al.
2008).

Beliefs about child illness also play an im-
portant role in the care and nutrition of
young children in Malawi. In several loca-
tions in Malawi (as well as in other parts
of the region), children are thought to get
the signs and symptoms of moderate or se-
vere undernutrition when their parents ig-
nore sexual abstinence rules (Zulu 1996,
Howard and Millard 1997, Van Breugel
2001, Munthali 2002, Bezner Kerr et al.
2008). This is said to occur either because
parents resume sexual intercourse too ear-
ly, resulting in another pregnancy closely
spaced with the previous one, or because
they have sexual intercourse after a funer-
al, following a miscarriage, etc. when it is
not permitted (Zulu 1996, Van Breugel
2001). Due to the stigma associated with
signs of child undernutrition, these beliefs
have important consequences not only for
the early cessation of exclusive breastfeed-
ing due to the use of herbal water as a pre-
ventive measure (Bezner Kerr et al. 2008),
but also for the type of care and the speed
with which appropriate health care and ad-
vice is sought for an undernourished child
(Howard and Millard 1997, Amuyunzu-
Nyamogo and Nyamogo 2006).



2.6 Interventions for managing under-
nutrition

Previous sections of this literature review
indicated that to manage childhood under-
nutrition there are multiple points and dif-
ferent levels at which it is possible to in-
tervene. The majority of interventions
with data available about the effects on
child nutritional status have targeted the
immediate and underlying determinants of
growth. These have most often focused on
the child’s dietary intake (the what of child
feeding), while a few have targeted the be-
havioral aspects of feeding. Efforts to
prevent illness (the other immediate de-
terminant of child nutritional status) have
frequently been aimed at the underlying
causes, such as clean water supply or im-
proved sanitation, and caregiver behaviors,
such as hand washing.

2.6.1 Interventions to improve the child’s
health

Because diarrhea is thought to have the
largest effect on nutritional status, we fo-
cus here on interventions aimed at prevent-
ing diarrhea. Three reviews of water, sani-
tation, and hygiene interventions indicate
that the risk of diarrhea is reduced by at
least 25% through education or through
provision of latrines or clean water supply
(Curtis and Cairncross 2003, Fewtrell et al.
2005, Ejemot et al. 2008). However, evi-
dence for the effects of reductions in the
incidence of diarrthea on child nutritional
status is mixed. One study showed that
hygiene education improved child growth
in intervention versus control communities
(Ahmed et al. 1993), while two others
found that hygiene education and a com-
bined intervention of clean water supply,
provision of latrines, and hygiene educa-
tion decreased diarrhea in children but had
no effect on nutritional status (Stanton et
al. 1988, Hasan et al. 1989). The esti-
mated effect of 99% coverage of the popu-
lation with hygiene interventions in coun-
tries with the majority of stunted children
is quite small (approximately a 2% relative
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reduction in the risk of stunting at 12, 24,
and 36 months of age) (Bhutta et al. 2008).

2.6.2 Interventions to improve the child’s
dietary intake

Research and programs have tested nu-
merous interventions to improve children’s
dietary intake. The main types of dietary
interventions include: provision of im-
proved complementary or supplementary
foods; nutrition education; or a combina-
tion of food and education. Interventions
that provide only food target the biological
aspects of child feeding, while those that
use only education focus on the behavioral
aspects, and the combined interventions
work on biology and behavior simulta-
neously.

Interventions to improve complementary
food or to supply supplementary food have
had the same main aim: to fill the gap in
the child’s energy and/or nutrient intake.
Complementary foods are foods that are
given to infants and young children during
the period when they are still being
breastfed. Supplementary foods are com-
plementary foods that are intended to be
given in addition to the food the child
usually receives, and they are often tar-
geted at children who are already under-
nourished. The distinction between com-
plementary and supplementary foods is
somewhat artificial. In a recent review of
feeding interventions, any type of addi-
tional food given to breastfed children was
considered to be complementary (Dewey
and Adu-Afarwuah 2008).

The type of food given to children during
interventions has varied considerably.
Studies and programs have used: (1) local
ingredients to create recipes for improved
complementary food (Bentley et al. 1991a,
Creed Kanashiro et al. 1991, Dickin et
al.,1997, Schroeder et al. 2002); (2) ce-
real/legume blends with or without milk
powder (Lartey et al. 1999, Lopez de Ro-
mafia 2000, Roy et al. 2005, Gartner et al.
2007, Owino et al. 2007, Paul et al. 2008);



or (3) micronutrient-fortified cereals or
milk powder (Bhandari et al. 2001, Oe-
lofse et al. 2003, Rivera et al. 2004, Santos
et al. 2005). All of these types of food ei-
ther require cooking or have to be mixed
with water before they can be served to the
child.

Among the different types of complemen-
tary foods that have been studied, ce-
real/legume blends, such as corn-soy blend
(CSB), are worth mentioning in more de-
tail because they have been widely used
for many years in food aid and distribution
programs (Hoppe et al. 2008). In the first
decades of food aid, blended cereals con-
tained milk powder as the main protein
source. As the availability of milk powder
decreased in the 1980s, milk was no longer
included and proteins were derived entire-
ly from plant sources. Although soy is one
of the best sources of plant-based protein,
it is difficult for young children to digest
and is a poorer source of amino acids than
milk (Hoppe et al. 2008). In addition, both
corn and soy contain anti-nutrients which
affect absorption of some minerals. Re-
views of food distribution programs and
complementary feeding interventions have
found that the effect of blended flours
(such as CSB) on child nutritional status
was small (Beaton and Ghassemi 1982,
Dewey and Adu-Afarwuah 2008). A re-
cent study in Malawi, which was the first
randomized-controlled trial to include
CSB and a control that received no food,
found no significant difference in the
weight or length gain of children in these
two groups (Thakwalakwa, personal com-
munication).

Lipid-based nutrient supplements (LNS)
are another category of complementary or
supplementary food. They are somewhat
different than many other types of foods
that have been tested because they require
no preparation. LNS can be fed to child-
ren directly or mixed with other comple-
mentary foods, such as porridge. They
often contain peanut butter, milk powder
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or soy, sugar, oil, and a mix of micro-
nutrients. LNS do not support bacterial
growth, can be stored for long periods in
warm conditions, and can mask the taste of
the micronutrients that are included
(Briend 2001). The acceptability of LNS
has been demonstrated in children with
different levels of nutritional status
(Briend et al. 1999, Adu-Afarwuah et al.
2008). LNS have proven to be quite effec-
tive for treating children with severe and
moderate acute wasting (Diop et al. 2003,
Manary et al. 2004, Ciliberto et al. 2005,
Patel et al. 2005, Defourny et al. 2007,
Matilsky et al. 2009) and are now widely
used for community-based management of
uncomplicated cases (World Health Or-
ganization/World Food Program/United
Nations Standing Committee on Nutri-
tion/United Nations Children’s Fund
2007). Several studies of LNS have been
conducted in adequately nourished to
moderately undernourished children. Four
of these have shown improvements in
child weight or length gain among those
given LNS as compared to other interven-
tions or to a control (Kuusipalo et al. 2006,
Adu-Afarwuah et al. 2007, Lin et al. 2008,
Phuka et al. 2008), while one found no dif-
ference in the growth of children who re-
ceived LNS and CSB (Phuka et al. 2009).

To have an effect on growth, it is neces-
sary for complementary or supplementary
feeding interventions to consider not only
what type of food is provided but also how
the food affects the child’s daily energy in-
take and how much of the supplementary
food is actually given to the intended
child. If the aim of the intervention is to
increase the total amount of food and
breastmilk the child consumes, it is impor-
tant to show that this actually occurred and
that the extra food provided by the study
or program did not simply replace part of
the food or breastmilk the child would
have eaten. Energy intake from comple-
mentary foods is commonly measured by
collecting quantitative dietary intake data,
using either a weighed food record or 24-



hour recall (Ferguson 1989). Most feeding
interventions have reported increased
energy intakes (for example, Krahenbuhl
et al. 1998, Durnin et al. 2000, Maleta et
al. 2004, Adu-Afarwuah et al. 2007), while
a few have reported no change (Owino et
al. 2007) or even decreased energy con-
sumption (Santos et al. 2005).

Because complementary foods are usually
less nutrient dense than breastmilk and
they displace breastmilk (Caulfield et al.
1999), some complementary and supple-
mentary feeding studies have tried to
detect whether the food affects breastfeed-
ing frequency or breastmilk intake. The
results are mixed, with some studies show-
ing no change in breastmilk intake (Moursi
et al. 2003, Owino et al. 2007) or breast-
feeding frequency (Mora et al., 1981) and
others indicating reductions in breastmilk
intake (Bajaj et al. 2005, Islam et al. 2006,
Galpin et al. 2007) or breastfeeding fre-
quency (Bhandari et al. 2001) during sup-
plementation.

Compliance with the intervention (i.e.,
feeding the food to the intended person)
has been controlled in studies and pro-
grams where participants were required to
eat the food at the distribution site or under
the supervision of a research assistant (for
example, Durnin et al. 2000, Rivera and
Habicht 2002). Recent studies where the
food was given for home use have rarely
measured compliance adequately. This is
an important issue because it is estimated
that sharing accounts for 30-60% of the
food given in take-home programs (Beaton
and Ghassemi 1982, Ronddé Schilling
1990). Sharing is more common when the
food given is acceptable to other family
members and similar to the foods they
usually eat (Beaton and Ghassemi 1982).
Sharing of supplementary foods desig-
nated for children is not necessarily related
to availability of food in households (Bea-
ton and Ghassemi 1982), but may be
linked to social and cultural factors that
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guide intrahousehold food distribution
practices (Gittlesohn 1991).

In their review, which included all types of
complementary food interventions (such as
cereals, cereal/legume blends, milk, and
LNS), Dewey and Adu-Afarwuah (2008)
calculated effect sizes to show the strength
of the relationship between the nutritional
status of children who received a comple-
mentary feeding intervention and those
who did not. They found that the mean ef-
fect size of the interventions on child nutri-
tional status was small (0.26 for weight
and 0.28 for length), which agreed with the
findings of a review that covered an earlier
period (Caulfield et al. 1999). However,
the results of individual studies varied,
with some showing no response to the in-
tervention (Dewey and Adu-Afarwuah
2008).

Nutrition education interventions have
used a variety of channels to provide mes-
sages about positive feeding behaviors.
Messages have focused on issues such as
continued breastfeeding, use of thicker
foods, use of a variety of foods, use of an-
imal source foods, use of responsive feed-
ing techniques, and good hygiene practices
(Dewey and Adu-Afarwuah 2008). A re-
view of education-only interventions to
improve complementary feeding found
that the results of individual studies were
variable, with many studies having little
impact on growth or finding an effect on
one of the anthropometric indices. The
mean effect sizes were modest (weight
0.28 and length 0.20) (Dewey and Adu-
Afarwuah 2008), and comparable to re-
sults from a review by Bhutta et al. (2008).
Studies where use of animal source foods
was promoted had a greater effect on
growth than other types of nutrition educa-
tion interventions (Guldan et al. 2000,
Penny et al. 2005, Roy et al. 2005).

Interventions that combined provision of
food and nutrition education had a positive
impact on growth, with the effect sizes for



efficacy trials and program evaluations
combined in the same range (weight 0.35,
length 0.17) as for food or education alone
(Dewey and Adu-Afarwuah 2008). Two
studies conducted in Asia were designed
specifically to look at differences in
growth when education was provided
alone or with food, and found that educa-
tion was more effective together with food
in these settings (Bhandari et al. 2001, Roy
et al. 2005).

Although the results from complementary
feeding trials and programs are mixed,
overall they improved growth rates by
about 0.10 to 0.50 SD, which would re-
duce the prevalence of undernutrition by
1-19% (Caulfield et al. 1999, Dewey and
Adu-Afarwuah et al. 2008). Interventions
that provided complementary food (with or
without education) were more effective in
younger children and in Africa and South
Asia, probably due to higher levels of food
insecurity than in other regions (Dewey
and Adu-Afarwuah 2008). This finding
points to the importance of designing
complementary feeding interventions that
take the epidemiology of undernutrition
and the context into consideration.

2.7 Research on behavioral aspects of
supplementary feeding

A number of studies have used observa-
tions, in-depth interviews, and rapid eth-
nographic data collection techniques to de-
scribe attitudes, behaviors, and other con-
textual factors related to child feeding
(Dettwyler 1986, Bentley et al. 1991b,
Cosminsky et al. 1993, Guldan et al.
1993a, Mabilia 1996, Gittlesohn et al.
1998, Pelto et al. 2003). In some cases,
this type of information has been collected
specifically to assist in designing research
and programs aimed at improving child
nutritional status by modifying comple-
mentary feeding practices (Bentley et al.
1991a, Creed Kanashiro et al. 1991, Paul
et al. 2008). A review of these ethno-
graphic studies noted that nutrition-related
behaviors are part of a larger set of care-
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giving behaviors and are situated within a
wider sociocultural context, so that inter-
ventions targeting behavior change must
incorporate local determinants into the de-
sign (Pelto et al. 2003). There is evidence
that child feeding practices or behaviors
can be changed or improved (Dickin et al.
1997, Guldan et al. 2000, Bhandari et al.
2004, Hotz and Gibson 2005, Penny et al.
2005, Roy et al. 2005, Aboud et al. 2009)
and that they have an effect on growth
(Ruel et al. 1999, Griffiths 2000, Arimond
and Ruel 2002, Ruel and Menon 2002).

Although feeding behaviors and beliefs
about feeding could have an impact on the
benefits to child growth achieved by sup-
plementary feeding interventions, to date,
the only available information on such is-
sues comes from a trial in Ghana, where
maternal attitudes towards different sup-
plements were compared (Adu-Afarwuah
et al. 2008). Studies of the behavioral as-
pects of feeding have not yet been carried
out during supplementary feeding trials.
There is no published information on
when, who, how, and where supplements
are fed to children or how maternal know-
ledge and beliefs (why) might influence
supplement use. This type of information
is context-specific, but is needed from dif-
ferent locations to plan research and de-
sign programs that supply or promote the
use of supplements.

2.8 Justification for the present study

Childhood undernutrition is a major public
health problem with serious short- and
long-term consequences. Complementary
and supplementary feeding interventions
have had a larger effect on children’s nu-
tritional status than efforts to reduce or
control illness. LNS are a relatively new
type of supplementary food with attractive
properties and potential for managing and
preventing undernutrition. Several studies
have been conducted to measure the effect
of LNS on child nutritional status. Many
of these have been carried out in Malawi, a
country with seasonal food insecurity and



a high level of child undernutrition, espe-
cially stunting. LNS are typically given
for home use, but adequate information
about the behavioral aspects (how, when,
where, who, and why) of their use is lack-
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ing. The present study was designed to fill
this gap by providing contextual informa-
tion about LNS use that could assist in
planning future programs and studies in
Malawi.



3. AIMS

The main aim of this study is to identify
attitudes, practices, and behaviors related
to the home use of a new type of supple-
mentary food, lipid-based nutrient supple-
ments (LNS), that may be relevant for the
design of future interventions targeting
underweight children. To achieve this
aim, attitudes and behaviors are examined
during LNS use and compared to those
during the use of a common supplement,
corn-soy blend (CSB). The specific objec-
tives are:

1. To compare feeding patterns among
moderately underweight children be-
fore and during LNS supplementation,
to document how patterns of LNS use
change throughout 12 weeks of sup-
plementation, and to describe selected
child feeding behaviors during LNS
use (I)
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2. To compare LNS intake on days when
moderately underweight children were
healthy, ill, and convalescing from ill-
ness (1)

3. To compare maternal attitudes towards
the use of LNS or CSB for treating
underweight children and to identify
predictors of selected attitudes (I1I)

4. To compare feeding patterns and
behaviors during supplementation of
underweight children receiving either
LNS or CSB, to compare child feeding
behaviors by the mode of serving LNS
(plain or mixed with porridge), and to
identify feeding behaviors associated
with child growth (IV).



4. METHODS

4.1 Approach to the study

The aims of this research were largely met
by using data from two studies (Figure 2).
Study A investigated patterns of LNS use
and caregiver feeding behaviors before and
throughout 12 weeks of supplementation
in a small sample of children. This study,
including sub-studies 1 and 2, was con-
ducted by the author. Study B and the ad-
ditional trials were clinical trials assessing
the effects of LNS and CSB on child
growth and development. The clinical tri-
als were carried out by other members of
the research team (principally John Phuka
and Chrissie Thakwalakwa) whereas sub-

studies 3 and 4 were the responsibility of
the author. Sub-study 3 collected data on
maternal attitudes towards LNS and CSB
at the end of Study B and pooled them
with results on attitudes from two other
trials with similar research designs con-
ducted in the same geographical area.
Sub-study 4 obtained information on pat-
terns of supplement use and caregiver
feeding behaviors in the two supplement
groups at a single point of time. The atti-
tudes and behaviors assessed in sub-
studies 3 and 4 were distinct from the out-
comes of the clinical trials.

To compare feeding To compare LNS To compare To compare feeding
A patterns before and intake during health, maternal attitudes patterns and
1 during LNS use illness and towards behaviors during
m convalescence LNS and CSB LNS and CSB use
S
t
u Study A: Study B:
d Children received LNS Children randomized to LNS or CSB
i
¢ +
! I
Additional trials:
hil
Sub-study 1 Sub-study 2 ran dor(r;li;e(iirftzg LNS Sub-study 4
- Number and - Number of days ’ - Number and

duration of feeding
episodes
- Amount of LNS

- Amount of LNS
consumed daily

and type of illness

CSB or control

duration of feeding

episodes
- Caregiver & child

offered and eaten
during meals

- Caregiver
behaviors during
feeding

Figure 2: Overall study design for the thesis
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4.2 Study setting and subjects

4.2.1 Study area

This research took place in Mangochi Dis-
trict, southern Malawi. Malawi is a long,
narrow landlocked country in southeast
Africa covering a land area of approx-
imately 94,000 km? (Figure 3). The main
geographical feature of the country is Lake
Malawi, which forms much of the eastern
border. The country has a tropical, conti-
nental climate marked by three seasons:
cool (May — August), hot (September —
November), and rainy (December — April).

Malawi has a population of approximately
13 million inhabitants and an annual
growth rate of 2.1%. The per capita gross
national income is 160 U.S. dollars and
74% of the population lives below the
international poverty line (UNICEF 2006b,
UNICEF 2008). About 83% of the popu-
lation live in rural areas and the average
annual growth rate of the urban population
is 4.6% (National Statistical Office [Ma-
lawi] and ORC Macro 2005). Much of the

Figure 3: Map of research area
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adult population (70% of women, 57% of
men) is employed in the agricultural sec-
tor, usually as subsistence farmers produc-
ing food for their own families (National
Statistical Office [Malawi] and ORC
Macro 2005). Food security has major
seasonal fluctuations, with the lowest lev-
els of household food supplies in the early
part of the rainy season. Key health,
socioeconomic, and demographic indica-
tors for Malawi are presented in Table 2.

Most of the research for this study was
carried out within the catchment areas of
health facilities located in Malindi, Lung-
wena, and Namalaka on the eastern side of
Lake Malawi in Mangochi District (see
Figure 3). The area is approximately 40
km long and 5 km wide, bounded by
mountains to the east and the lake to the
west. It is a rural area with 68 villages and
a population of 69,000 people. For sub-
study 3, four additional rural health center
catchment areas (Katema, Koche, Kuka-
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Table 2: Selected health and demographic indicators for Malawi

Indicator Measure
Total fertility rate 59
Maternal mortality ratio 984 /100,000
Female literacy rate 54%
Male literacy rate 75%
Life expectancy at birth 40 years
HIV+ adults (> 15 years of age) 14%
Infant mortality rate 125 /1,000
Under-five mortality rate 221/1,000
Child nutritional status
Moderate and severe underweight 22%
Moderate and severe wasting 5%
Moderate and severe stunting 48%
Exclusively breastfed (< 6 months of age) 28%
Immunization coverage (by 12 months of age)
DPT 93%
Polio 94%
Measles 82%
Hepatitis B 93%
Hib 93%

Sources: National Statistical Office [Malawi] and ORC Macro 2005, UNICEF 2006b.

langa, and Jalasi) in Mangochi District
with 171 villages and a population of
148,000 people were included.

Lungwena was selected as one of the sites
for the present study, in part, because of
on-going research and program activities
in the area that began in the early 1990s.
Initially, the University of Malawi’s Col-
lege of Medicine, the Malawi Ministry of
Health, and the Mannerheim League for
Child Welfare collaborated to develop
Lungwena into a model health center that
could be used for professional training and
related activities. Other activities were
built upon this basic plan. The University
of Tampere and the University of Malawi
have carried out several maternal and child
health research projects in the Lungwena
area since 1995. Two Finnish non-
governmental organizations, the Manner-
heim League for Child Welfare (Manner-
heimin Lastensuojeluliitto) and the Finnish
Family Federation (Vdestoliitto), have had
projects in the area. The Mannerheim
League supported a child health project in
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Lungwena from 1993 to 2002, and the
Finnish Family Federation has had a
project to improve existing sexual and re-
productive health services in Lungwena
and Namalaka since 1998. The Norwegian
Programme for Development, Research
and Education began its Lungwena health,
nutrition and agriculture research project
in the area in 2004. The strong focus of
research, training, and intervention activi-
ties in the villages served by Lungwena
health center has meant that nearly all fam-
ilies in the area have either participated in
or been touched by the research process in
some way. An overall evaluation of the
effects of research and other projects on
the health of Lungwena’s population has
not been conducted, so it is not possible to
determine whether or in what ways health
status or health-seeking behavior has
changed.

Prior to the present study, research activi-
ties similar to those in Lungwena had not
taken place in the Namalaka and Malindi
catchment areas nor in the other four



catchment areas included in sub-study 3.
The Namalaka and Malindi catchment
areas were added to Lungwena to allow for
the selection of an adequately large sample
for Study B. The additional areas used in
sub-study 3 were selected because they
were accessible, had large enough catch-
ment populations, and similar demograph-
ics and levels of child undernutrition as
Lungwena.

The population in the study area is mainly
from the Yao ethnic group and speaks the
Chiyao language. Chichewa, the national
language, is also widely understood and
spoken, but not all women in the area are
comfortable using it. Economic activities
are focused on subsistence farming and
fishing. Maize (corn) is the main crop,
which is grown during the annual rainy
season. Sweet potatoes, cassava, pumpkin,
beans, green leafy vegetables, and various
fruits (bananas, mangoes, and papayas) are
also common; many of these are available
only seasonally. Most people in the study
arca are Muslims, but there are some
pockets of Christians, particularly around
Malindi, where there is an Anglican mis-
sion. Religion is important in the area for
its historical influence on participation in
formal education (Bone 1986). Mangochi
District has the highest proportion in the
country of both men (36%) and women
(50%) with no education (National Statis-
tical Office [Malawi] and ORC Macro
2005).

A variety of types of health care and
health-related services are available in the
research area. Traditional healers, includ-
ing diviners and herbalists, are found in
most villages. Diviners are consulted to
find out the cause of a health problem, es-
pecially if it has persisted. Herbalists are
healers who use local plants to treat their
clients’ illnesses. People in the area fre-
quently explain that they may choose herb-
alists over the public health system be-
cause herbalists take payment in-kind, they
are believed to be better at curing certain
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ailments, and they are located closer than
health centers. Drugs or pills (e.g., anti-
biotics) are sold in small groceries
throughout the research area, and can be
purchased one or two at a time, without a
prescription. The people selling drugs in
groceries usually have no medical training.

Within the main study area, preventive and
curative health services are provided by
public health centers in Lungwena and
Namalaka, and by a mission-run hospital
in Malindi. In the additional study area in-
cluded in sub-study 3, Kukalanga and Jala-
si health centers are public, while Katema
and Koche are run by the Christian Health
Association of Malawi. All of these facili-
ties provide maternal and child health ser-
vices (antenatal and delivery care, growth
monitoring, vaccinations, family planning,
insecticide-treated bednets) and treat ill-
nesses. Patients from Lungwena and Na-
malaka can be referred to the hospital in
Malindi for secondary level care and all of
these facilities (including Lungwena and
Namalaka) can refer more complicated
cases directly to Mangochi District Hos-
pital. Health surveillance assistants and
trained traditional birth attendants, cover-
ing several villages each, provide services
(including growth monitoring, vaccination
campaigns, home deliveries, and referrals)
at the community level.

4.2.2 Study subjects

Individuals participating in this research
were moderately to severely underweight
young children living in the selected
communities or health center catchment
areas. Three sets of study subjects were
used to complete this thesis (Table 3). As
described above, the children included in
sub-study 4 also formed part of the pool of
participants for sub-study 3, together with
children from two other trials. The two
trials that took place in Katema, Koche,
Kukalanga, and Jalasi had a no supplement
control group, which was excluded from
the analysis as the purpose of the sub-



Table 3: Comparison of the three groups of subjects used for the thesis

Criteria Sub-studies 1 & 2 Sub-study 3 Sub-study 4
Location 6 villages in Lungwena, Namalaka, Lungwena,
Lungwena and Malindi, Katema, Koche, Namalaka, and
Malindi Kukalanga, and Jalasi Malindi catchment
catchment areas areas
Number of subjects 16 504 170
Enrollment age 6.0-17.9 months 6.0-14.9 months 6.0-14.9 months
Key enrollment criteria 3.0<WAZ<-20 WAZ <-2.0 WAZ <-2.0
Number of study groups 1 2or3 2
Types of study groups LNS (*FS) 50 g/d LNS 50g/d LNS43g/d LNS50g/d
- CSB71g/d CSB71g/d CSB71g/d
- - control -
Type of LNS packaging jars foil packets jars foil packets
Period of intervention 12 weeks 12 weeks 12 weeks
Timing of study Jan — Apr 2005 Mar — Jul 2005 Mar — Jul 2005

Jan — May 2007
Nov 2007 — Apr 2008

*FS (fortified spread) was an earlier name for LNS. The ingredients in the FS and LNS used in this

research were the same.

study was to investigate maternal attitudes
towards supplement use.

Children were initially screened in com-
munities for age (all sub-studies) plus
weight-for-age z-score (sub-studies 3 and
4). All children within the appropriate age
and/or weight-for-age range were then in-
vited to an enrollment visit (in the com-
munity for sub-studies 1 and 2, in the
health facility for sub-studies 3 and 4). In
sub-studies 1 and 2, specific villages were
selected and a target number of partici-
pants was pre-set. The target was met in
some villages by enrolling all eligible
children and in others (where there were
more than enough eligible individuals) by
randomly selecting from among the eligi-
ble population. In sub-studies 3 and 4, all
children who attended the enrollment visit
and who fulfilled the inclusion criteria
were invited to participate. As shown in
Table 3, age and WAZ were key inclusion
criteria. Additional details of the inclusion
and exclusion criteria are described in the
articles (I, I1, I1I, and I'V).
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4.3 Supplementary feeding interventions
Participants were supplied with supple-
mentary food (either LNS or CSB) for a
12-week period. The LNS used in this
research was made of peanut butter, sugar,
milk powder, cooking oil, vitamins and
minerals. CSB was a mixture of corn and
soy flours, vitamins, and minerals. The
LNS could be eaten plain or mixed with
other food, while the CSB had to be pre-
pared as porridge before serving. In sub-
studies 1 and 2, children received 50 g/day
of LNS, which was delivered to their
homes by research assistants every two
weeks. Children in sub-study 4 received
either 50 g/day of LNS or 71 g/day of
CSB. Participants in the additional trials
included in sub-study 3 were assigned to
42 g/day of LNS or 71 g/day of CSB. The
main difference between the two addition-
al trials was the amount of follow-up. In
one of these, research assistants visited
participants’ homes weekly to collect in-
formation about supplement compliance
and morbidity and to deliver supplements,
whereas, in the other, caregivers went to
the health center once per month to get the
child’s supplement and there were no
home visits.



The LNS used in sub-studies 1 and 2 and
in the additional trials in sub-study 3 were
produced by Project Peanut Butter (Blan-
tyre, Malawi) and supplied in plastic jars,
containing enough for five (sub-studies 1
and 2) or seven (additional trials) days. In
sub-study 4, the LNS were produced by
Nutriset (Malaunay, France) and packed in
foil sachets for daily use. The CSB used
in sub-studies 3 and 4 was produced by
Rab Processors (Blantyre, Malawi) and
supplied in 500 g bags. Information about
the nutrient composition of LNS and CSB
is found elsewhere (Phuka et al. 2009).
The daily quantity of LNS was selected so
as to achieve a biological effect on growth,
based on an earlier dose-finding trial
(Kuusipalo et al. 2006). A comparable
amount of CSB (in terms of calories) was
offered to the other study group. The ex-
act daily quantities were chosen for the
practicality of delivering the supplements
to participants (e.g., 1 bag or jar per week).

At enrollment, caregivers were told that
their child was underweight and would be
receiving supplementary food for 12
weeks, but it was not known if LNS (or
CSB, in sub-studies 3 and 4) would im-
prove the child’s growth. They were also
informed about the frequency of home vis-
its by research assistants. Caregivers were
not educated by research staff about other
health-related issues, such as hand wash-
ing during meals or child feeding prac-
tices, either before or during the study. In
sub-studies 1, 2, and 4, caregivers were
told how much of the supplement to feed
the child per day, but were not advised on
how many times per day to feed it or, for
LNS, in what manner it should be served.
Caregivers were not given health educa-
tion about supplement feeding because the
aim of these sub-studies was to see how
families used the supplements in practice.
In sub-study 3, the advice to caregivers
varied by the trial. Caregivers from sub-
study 4 were advised as described above,
while those in the other two trials were
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told to feed the child the supplement 2-3
times per day.

4.4 Researcher and research assistants

4.4.1 Author’s role in the research

The author planned the research and
drafted data collection tools before going
to Malawi. She was based in Malindi,
Mangochi District, Malawi from October
2004 to August 2005, and travelled daily
to field sites or to meet research assistants
at the project office in Lungwena. During
the period of fieldwork, the author hired
and trained the research assistants, guided
the pre-testing of data collection forms,
and participated in and supervised data
collection. Data entry and analysis were
carried out by the author after the period of
fieldwork ended.

4.4.2 Research assistants’ background
Four female research assistants were hired
to collect data for sub-studies 1 and 2.
Their ages ranged from 20-45 years.
Three of the research assistants had their
own children. Two were Yaos and the
other two were Chewas, but all of them
spoke Chiyao. All of the assistants had
completed high school. None of them had
previous experience doing research. The
research assistants were selected from the
villages where the research was conducted
or from neighboring villages so as to mini-
mize the amount of travel required for data
collection.

Three of the same research assistants from
sub-studies 1 and 2 also collected data dur-
ing sub-study 4. In addition, three new
female assistants were hired. The new as-
sistants were 20-26 years of age, and none
of them had any children. Two were Yaos
and one was Chewa, but she spoke Chiyao.
They had all finished high school, and they
lived in the research area.

A different group of research assistants
conducted the exit interviews for sub-study
3. These assistants were employed to col-



lect data and distribute supplements during
the clinical trials.
collection

4.5 Follow-up and data

procedures

4.5.1 Overview of follow-up

Although the length of the supplementary
feeding interventions was 12 weeks in all
the sub-studies, the type and timing of data

collection differed. Figures 4 and 5 illus-
trate the follow-up process for sub-studies
1 and 2 and for sub-study 4. Follow-up for
the other two trials included in sub-study 3
was the same as in Figure 4, but back-
ground data were collected at enrollment,
there was no observation visit, and exit in-
terviews were conducted during the final
visit to the health center.

Observation Observation
1 and 2 9and 10
Background Observation Observation Observation Exit
data 3 and 4 5and 6 7 and 8 interview
Morbidity Morbidity Morbidity
and LNS and LNS and LNS
Anthropo- inake intake intake Anthropo-
metric data | UL UL UL LU LEELLLLLLLLLL LU, et clata
Y YTy VYV YYYYYYYYYYVYYVYYYYYYY
|
Enrollment ~ Week 0 Week 1 Week 4 Week 8 Week 12
No LNS  LNS use begins
Figure 4: Follow-up of participants in sub-studies 1 and 2
Background Observation Exit
data visit interview
Anthropo- Anthropo-

metric data

metric data

Enrollment and Week 4
randomization to

LNS or CSB

Week 8 Week 12

Figure 5: Follow-up of participants in sub-study 4



4.5.2 Training and quality control
Research assistants doing observations
were trained and their data collection stan-
dardized to at least 80% agreement be-
tween assistants and the author before ob-
servations began. Assistants were also
taught interviewing techniques and how to
use the background and morbidity ques-
tionnaires. The training and pre-testing for
sub-studies 1 and 2 lasted approximately
six weeks. The new research assistants for
sub-study 4 were trained and did field
practice with the old assistants during the
last month of sub-study 1. Research assis-
tants who conducted observations were in-
structed to keep their interactions with the
participants to a minimum so as to inter-
fere with participants’ regular behaviors as
little as possible. They were told that the
purpose of the study was to learn more
about how caregivers use supplements at
home and about caregiving practices.

The research assistants who carried out the
exit interviews had previous experience
doing research. They participated in one
day of training on how to conduct the exit
interviews.

All questionnaires (background, morbidity,
and exit interviews) were translated into
Chiyao and Chichewa and back-translated
to check for accuracy. Questionnaires and
observation forms were pre-tested during
field practice sessions and modified before
starting data collection. Completed data
collection forms were checked by the au-
thor daily whenever possible or latest dur-
ing weekly research meetings.

During sub-study 1, the author participated
in approximately 25% of the observation
visits and independently recorded her ob-
servations. This procedure allowed the es-
timation of inter-observer reliability for
individual variables and served as an on-
going training and quality control mechan-
ism. The author independently observed
about 5% of the observation visits in sub-
study 4.
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4.5.3 Socioeconomic background of
participants

Social and economic information about
each participant’s family was collected
through an interview with one of the
child’s parents during the enrollment visit
to the health center or a home visit within
the first weeks of the study. The types of
data obtained included: characteristics of
the parents, household size and character-
istics, socioeconomic characteristics, food
availability, feeding practices, preventive
health care, maternal health, and maternal
control of resources.

4.5.4 Observation visits

Research assistants made one-day visits to
participants’ homes (ten visits per child in
sub-study 1, one visit per child in sub-
study 4). They informed the caregiver that
they were there to observe the child and
that the family should go about their daily
activities as usual. Research assistants
used semi-structured forms to log the food
and drinks the child ate throughout the
day, to record caregiver and child behav-
iors during meals, and to summarize the
events they observed. Feeding episodes
were counted as separate if there were at
least 15 minutes between the end of one
episode and the beginning of another.
Food recorded on logs was divided into
five main categories: plain porridge,
nsima (stiff corn porridge) and relish, sup-
plement, other meals, and snacks. Sup-
plement was recorded as either LNS or
CSB. Research assistants noted the mode
of serving LNS, either plain or mixed with
porridge. Other meals were counted in
both sub-studies 1 and 4, but were omitted
from the analysis in sub-study 4 because
there were very few of them. Detailed de-
scriptions of the definitions for the differ-
ent types of food are found in articles I and
V.

Several types of child and caregiver be-
haviors were observed during feeding epi-



sodes.  Child behaviors included the
child’s position and appetite (number of
bites accepted and rejected). Caregiver
behaviors that were recorded during all
feeding episodes included: the location of
the feeding episode, hand washing before
feeding, who fed the child, and the utensil
used for feeding. During supplement feed-
ing episodes, research assistants also
marked whether and how much was shared
and leftover. Specific definitions for each
type of behavior are found in articles I and
IV.

In sub-study 1, the schedule for observa-
tions was determined before the study be-
gan, so the number of days after supple-
ment delivery when the participants were
observed was approximately the same for
all participants for each pair of visits. Dur-
ing sub-study 4, the timing of the visits in
relation to supplement delivery was not
pre-determined. However, none of the vis-
its took place during the first four weeks of
the study to allow participants time to
adapt to eating the supplement.

4.5.5 Morbidity

During sub-study 2, a semi-structured form
was used by research assistants to collect
information about morbidity, health-
seeking, and LNS consumption at partici-
pants’ homes five days per week. Re-
search assistants also weighed the jar of
LNS currently in use with a kitchen scale
to determine how much had been con-
sumed in the last 24 hours. On each day
when data were collected, children were
counted as ‘ilI’ or ‘not ill’. Days when
children were ‘ill” were divided into four
categories:  fever, diarrhea, cough, and
other illnesses. The definitions for coding
specific illnesses are provided in article II.
Days when children were ‘not ill” were
coded into three groups: early convales-
cence (1-7 days following illness), late
convalescence (8-14 days following ill-
ness), and healthy (> 14 days following ill-
ness).
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4.5.6 Exit interviews

At the end of sub-study 1, tape-recorded
open-ended interviews were conducted
with caregivers of participants to obtain in-
formation about their attitudes and percep-
tions regarding the use of LNS. A semi-
structured questionnaire was then devel-
oped and used during exit interviews in the
three supplementary feeding trials (sub-
study 3). Mothers were asked questions
about the following topics: what they
liked and disliked about the supplement;
their child’s adaptation to eating the sup-
plement; changes they noticed in the child
during supplementation; whether they
thought the supplement was food or medi-
cine and why; whether the supplement
should be used during illness and why;
whether they would be willing to use the
supplement again or buy it; how much
they would pay for the supplement; and
what would be the most convenient place
to obtain it.

4.5.7 Anthropometric measurements

Two researchers (John Phuka and Chrissie
Thakwalakwa) were responsible for mak-
ing anthropometric measurements (weight
and length) at the beginning and end of
sub-studies 1 and 4. For sub-study 1,
weight was measured using a UNICEF
Salter scale and length was measured us-
ing a recumbent length board (Shorr Pro-
ductions, Olney, MD, USA). For sub-
study 4, weight was obtained with an elec-
tronic child scale (SECA 834, Chasmors
Ltd., London, UK) and length was ob-
tained using a length board (Kiddimetre,
Raven Equipment Ltd., Essex, UK).
Weight and length were measured three
times during each visit and the average of
the scores was used in the analysis. A
more detailed description of the methods
used for anthropometric measurements is
available in Phuka et al. (2009). Anthro-
pometric indices (WAZ, HAZ, and WHZ)
were calculated using the CDC 2000
growth reference, which was the latest ref-
erence available at the time of enrollment.



4.6 Statistical approach

4.6.1 Sample size

The sample size for sub-studies 1 and 2
(n=16) was purposely quite small to allow
for multiple full-day observations of par-
ticipants and frequent collection of data on
morbidity.  This sample was selected
mainly for descriptive purposes.

The samples for the supplementary feeding
trials in sub-studies 3 and 4 were selected
based on expected values for the main out-
come measure (weight gain). The pooled
sample in sub-study 3 was n=249 in the
LNS group and n=255 in the CSB group,
which allowed for reasonably precise
(£6%) estimates of the variables of inter-
est. The sample in sub-study 4 (LNS
n=85, CSB n=85) had adequate power for
detecting small to moderate differences be-
tween the study groups. Additional details
about the sample sizes are available in the
original papers (111, IV).

4.6.2 Data management and analysis

Data were collected on paper forms and
entered to specially-designed Microsoft
Access databases. Missing and extreme
values in Microsoft Excel tables exported
from databases were checked against the
paper files. Statistical analyses were car-
ried out using Stata (9.2). For continuous
and categorical outcomes, the hypothesis
that there was no difference between the
study groups was tested using #-test and
Fisher’s exact test, respectively (III, 1V).
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The age of the child at observation and
whether the supplement was given as a
meal or snack could have influenced be-
haviors in sub-study 4, so logistic regres-
sion was used to determine if controlling
for these variables had an effect on the
comparisons. Logistic and linear regres-
sion were used to study predictors asso-
ciated with specific maternal attitudes (III)
and behaviors associated with child growth
(IV). To adjust for within-subject correla-
tion, linear regression analysis with the
Huber-White robust standard error was
used to calculate means and binomial re-
gression was used to calculate proportions
for comparisons (I, II).

Qualitative data from open-ended ques-
tions in the exit interviews were coded us-
ing content analysis to identify themes.
The coder was blinded to participants’
study group assignment.

4.7 Ethical approval

Ethical approval for all of the sub-studies
was obtained from the Pirkanmaa Hospital
District in Finland and from the College of
Medicine Research and Ethics Committee
at the University of Malawi. For the clini-
cal trials from which the samples for sub-
studies 3 and 4 were drawn, details of the
trial protocols were registered on the U.S.
National Library of Medicine website, Be-
thesda, MD (http://www.clinicaltrials.gov,
trial ID NCTO00131222, NCT00420368,
NCT00420758).



5. RESULTS

The same sample of children was used to
obtain information about patterns of LNS
use throughout the course of a 12-week
intervention (I) as well as during illness,
convalescence, and health (II). These re-
sults are explained first and results com-
paring mothers’ attitudes (III) and use of
LNS with CSB (IV) are described there-
after.

5.1 Patterns of LNS use over time and
during illness

5.1.1 Enrollment and background
characteristics

The target enrollment of 16 participants
for sub-studies 1 and 2 was obtained by

following the process outlined in Figure 6.
Two consecutive days of observation at
five time points were planned for each par-
ticipant. Out of 160 possible 12-hour ob-
servation days, 155 (97%) were com-
pleted. Eleven (7%) of these were partial
days, which included < 8 hours of observa-
tion. One child moved away from the
study area at the end of Week 8. His care-
giver completed the exit interview and his
final measurements were taken at that
time. Data on LNS intake and illness sta-
tus were collected on a total of 845 days,
of which 13 were excluded due to large
measurements (>150 g/day) that suggested
sharing.

228 children identified in
initial screening

|

200 measured by
research team

177 not eligible:
119 not underweight
38 not correct age

!

18 in another study
1 chronically ill

23 eligible

1 mother was deceased

|

16 enrolled
4 villages — all eligible recruited = 8§ children
2 villages — 4 children selected randomly in each = § children

Drop outs

Missing observation data

1 full observation day
2 partial observation days

2 partial observation days

16

}\‘ 2 full observation days

1 partial observation day

AEEZE <oc=w
F

1 child moved —
final measurements

12 taken in Week 8

5 partial observation days

2 full observation days
1 partial observation day

Figure 6: Enrollment and follow-up for sub-studies 1 and 2



At enrollment, the mean age of partici-
pants was 13 + 3 months and their mean
WAZ was -2.6 + 0.3. Half of their moth-
ers had < 4 years of education and half of
their fathers did not live in the same
household. The mean number of house-
hold members was 5 + 2 and the mean
number of children < 5 years of age per
household was 2 + 1. Fifteen of the 16
participants were breastfed at enrollment.
By Week 4, fourteen children were
breastfed, and by Week 12, thirteen of
them were breastfed.

5.1.2 Patterns of LNS use throughout
supplementation (1)

LNS were generally acceptable to the par-
ticipating children. Participants ate at least
some LNS on 85% of the observation
days. Among those who did not eat LNS
during observation, the main reason was
that there was no LNS left (9/19). Most of
the days when there was no LNS left (7/9)
occurred during Week 12 visits, which
were timed during the last days of the in-
tervention. Other reasons for not offering
LNS included: the child was ill, the par-
ents left the home to seek health care for
themselves or the child, and the caregiver
was shy to feed LNS in front of the ob-
server during the first days of LNS use.
On average, participants were offered 58%
of the recommended dose of 7 teaspoons
of LNS per day.

There were no significant differences in
the total mean number of feeding episodes
(16.7 vs. 15.5, difference (95% CI) -1.1
(-4.5, 2.2), p=0.467) or the total mean
daily feeding time (130.2 vs. 116.3 min,
difference (95% CI) -13.9 min, p= 0.398)
before and during LNS supplementation.
When specific types of food were com-
pared before and during LNS use, signifi-
cant decreases were detected in the mean
number of episodes of plain porridge (1.5
vs. 0.3, difference (95% CI) -1.2 (-1.6,
-0.8), p<0.001) and the mean daily feeding
time for plain porridge (21.5 vs. 3.2 min,
difference (95% CI) -18.3 min (-25.3,
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-11.3), p<0.001) and for snacks (17.7 vs.
10.0 min, difference (95% CI) -7.7 min
(-14.8, -0.6), p=0.035).

There were some changes in the feeding
pattern as well as in the use of LNS during
the course of the study (see Figure la, ar-
ticle I). Initially, the mean number of LNS
feeding episodes per day was fairly high
(about 2 per day), and this contributed to
an increase in the total number of feeding
episodes between Weeks 0 and 1. By
Week 4, the total mean number of epi-
sodes was the same as before the study,
but there was a decrease during Weeks 8
and 12. The mean number of LNS feeding
episodes declined during the study, proba-
bly due to the large drop in the mean num-
ber of plain LNS episodes. The mean
number of LNS mixed with porridge feed-
ing episodes remained fairly stable
throughout the study. The mean daily
feeding time followed a similar pattern as
that for the feeding episodes (see Figure
1b, article I).

To better understand differences in LNS
use by mode of serving (plain vs. mixed
with porridge), we compared mean tea-
spoons offered and eaten and the propor-
tion “lost” or leftover during feeding, both
overall and by study week (see Table 3, ar-
ticle I). Similar amounts of LNS were of-
fered whether the supplement was given
plain or mixed with porridge. However,
significantly more of the LNS were left-
over when they were mixed with porridge
than when offered plain (46% vs. 3%, dif-
ference (95% CI) 43% (27%, 58%),
p<0.001).

Caregivers were the primary feeders and a
spoon was used to feed the child during
most of plain LNS and LNS mixed with
porridge episodes.  Caregivers washed
their own hands and those of the child sig-
nificantly more often before LNS mixed
with porridge than plain LNS feeding epi-
sodes (Caregiver’s hands 71% vs. 30%,
difference (95% CI) 41% (22%, 59%),



p<0.001; Child’s hands 38% vs. 8%, dif-
ference (95% CI) 30% (8%, 52%),
p=0.011).

5.1.3 LNS consumption during health,
illness, and convalescence (I1)

Of the 16 participants, 15 were reported to
be ill during the intervention, with a mean
of 10 + 5 days of illness. Caregivers re-
ported that children were ill on 142 (17%)
days. Days when children were ill were
classified as follows: 40% fever; 31%
cough; 21% diarrhea; and 8% other ill-
nesses. Children were reported ‘not ill” on
690 days, divided into 32% early conva-
lescence, 19% late convalescence, 44%
healthy, and 5% days when the child was
not reported ill but the state of convales-
cence or health could not be determined.

The mean LNS intake was significantly
higher by about 7 g (14%) during not ill
than ill days. When LNS intake was ex-
amined on an individual level, the majority
of children had a higher intake when they
were not ill than when ill (Figure 7).
Mean LNS intake varied by type of illness,
with the lowest intake during fever, fol-
lowed by diarrhea and cough (see Table,
article II). There was no difference in
intake during convalescence and health.

5.2 Maternal attitudes towards LNS and
CSB use (I1I)

Children were initially screened in com-
munities and then invited to the health cen-
ter for an enrollment visit. Of those who
met the enrollment criteria for the clinical
trials, 522 were randomized to the LNS
and CSB groups. Follow-up was com-
pleted by 506 participants, and exit inter-
views were obtained from 504 of these
(LNS 249, CSB 255). There were no dif-
ferences in the background characteristics
of the two study groups at enrollment (see
Table 1, article III). On average, children
were 11 months old and were moderately
underweight at the start of the study. They
had families with 4-5 members, lived in
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homes of unburned mud bricks, and few of
their mothers were literate.

100+

~
(3,
1

Mean daily intake of FS (grams)
b S

Not ill i

Figure 7: Mean quantity of LNS con-
sumed by individual children on days
when they were not ill and ill

This figure is based on interviews during which
LNS jars were weighed. Each line represents
one individual and shows the mean intake
when that individual was not ill and ill.

Mothers’ attitudes towards the two sup-
plements were generally quite similar (see
Table 2, article III). Large proportions of
mothers in both groups described positive
aspects of the supplement, did not name
any negative aspects of the supplement,
said they noticed positive changes in the
child, stated that it was easy for the child
to eat the supplement as compared to regu-
lar food, and reported that the child
learned to eat the supplement within the
first two weeks of the study. Nearly all
mothers in both groups said that they were
willing to: use the supplement again if it is
provided for free, travel to the health cen-
ter for free supplements, and buy the sup-
plement if it is for sale.

On a few questions, the variability in the
responses was greater and there were some
differences between the study groups.
About 70% of mothers in both groups said
that the supplement was food rather than
medicine. Similar proportions of mothers
in both groups stated that the supplement



should not be given during fever. Mothers
in the LNS group were significantly more
likely than those in the CSB group to say
that they would not give their child the
supplement during cough. There was a
similar pattern with regard to feeding the
supplement during diarrhea, although the
difference between the groups did not
achieve statistical significance. Some ex-
planations for these differences could be
found in the open-ended responses. Moth-
ers said that LNS were so sweet that they
would make the child’s cough worse, and
some mothers thought that giving LNS
during diarrhea could lead to more severe
symptoms. The mean price mothers would
be willing to pay for a one-week supply of
supplement was also significantly higher
in the LNS than the CSB group.

We conducted exploratory analyses to
detect factors associated with some atti-
tudes by doing separate logistic regression
analyses with mothers’ belief that the sup-
plement was food and mothers’ reports
that the supplement should not be given
during fever, diarrhea, and cough as the
outcomes (see Table 3, article III). None
of the predictor variables were associated
with mothers’ belief that the supplement
was food not medicine. However, child’s
WHZ at the start of the study was positive-
ly associated and maternal literacy was
negatively associated with withholding of
supplements during fever, cough, and diar-
rhea. Mothers whose child was in the LNS
group were 1.5 and 2 times more likely
than those in the CSB group to say they
would withhold the supplement during
diarrhea and cough.

5.3 Feeding patterns and caregiver
behaviors during LNS and CSB sup-
plementation (IV)

Of the 280 children invited to the enroll-
ment visit after initial screening in vil-
lages, 176 were randomized to the LNS
and CSB groups. Observation visits were
made to 86 children in the LNS group and
85 children in the CSB group. Data from
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the observation of one child in the LNS
group were excluded because the type of
supplement consumed could not be deter-
mined from data collection forms, giving a
final sample of 85 children in each study

group.

During observations, three children ate
only the supplement that was not assigned.
Two children in the CSB group ate LNS
and one child in the LNS group ate CSB.

The socioeconomic and demographic char-
acteristics of the two groups were similar
at enrollment (see Table 1, article IV). On
average, participants were moderately to
severely underweight. They were usually
the third or fourth child born in the family.
Their mothers were in their late 20s and
about half of them reportedly had no for-
mal education. The majority lived in
houses made of bricks (burned or un-
burned). The mean age at observation of
participating children was 13 months.

There were no differences between the
study groups in terms of the timing of the
observations (see Table 2, article IV).
Children in the CSB group were less likely
to eat the supplement during observation
and more likely to have no supplement left
than those in the LNS group, but these dif-
ferences were not statistically significant.

The overall feeding pattern was similar in
the two groups (see Table 3, article IV).
Most children had one supplement meal in
the morning, nsima and relish in the after-
noon, and 1-3 snacks. There were no dif-
ferences between the groups in total mean
number of feeding episodes or total mean
daily feeding time. When specific types of
food were examined, the mean number of
supplement meals was significantly higher
in the LNS group, while the mean daily
feeding time for nsima and relish was sig-
nificantly higher in the CSB group.

There were some similarities and several
differences in caregiver and child behavior



during LNS and CSB feeding episodes
(see Table 4, article IV). There were no
differences between the groups in the loca-
tion of feeding or the child’s position dur-
ing the feeding episode. Feeding episodes
took place on the veranda approximately
as often as in the yard. More than half of
the episodes occurred directly on an earth
surface. Children nearly always sat on the
caregiver’s lap or on the floor while eating
the supplement. Mothers were the main
feeders of supplements in both groups, and
children self fed infrequently. However,
children in the LNS group were more like-
ly to be fed by another caregiver than
those in the CSB group. Children who re-
ceived LNS were also slightly more likely
to accept the supplement than those in the
CSB group. Sharing was more common in
the CSB than LNS group, but this differ-
ence was not statistically significant.
Caregivers in the CSB group were signifi-
cantly more likely than those in the LNS
group to offer the supplement as a meal
rather than a snack, feed the child with a
spoon, and wash their hands before feed-
ing. There were leftovers at the end of the
feeding episode significantly more fre-
quently and the proportion leftover was
larger for CSB than LNS.

Behaviors during LNS mixed with por-
ridge and plain LNS feeding episodes gen-
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erally followed a similar pattern as for
CSB compared to LNS (see Table 5, ar-
ticle IV). There were no differences be-
tween LNS mixed with porridge and plain
LNS in terms of location, child’s appetite,
child’s position, person feeding, or shar-
ing. Caregivers were significantly more
likely to feed LNS mixed with porridge
than plain LNS as a meal, wash their hands
before feeding, and use a spoon. There
were also leftovers more frequently and
the proportion leftover was larger during
LNS mixed with porridge than plain LNS
feeding episodes. Approximately 63% of
the daily dose of LNS was offered to the
participants.

Statistical adjustment for age and use of
the supplement as a meal or snack did not
make a difference in the comparison of
behaviors between CSB and LNS or be-
tween LNS mixed with porridge and plain
LNS.

Presence of leftovers after supplement
feeding episodes was negatively associated
with change in child’s WAZ, when age at
observation and the child’s initial WAZ
were controlled. Number of feedings per
day, caregiver hand washing before sup-
plement feeding episodes, and supplement
sharing did not predict change in child’s
WAZ.



6. DISCUSSION

The present research was guided by the
positivist scientific tradition. It was
planned to describe and compare selected
caregiver behaviors and attitudes related to
the home use of LNS for treating under-
weight children. The main aim was to
identify issues related to LNS use that
might be important in planning future in-
terventions in this setting.

In this chapter, the strengths and weak-
nesses of the study are outlined. The find-
ings with regard to feeding patterns and
caregiver behaviors during LNS use are
discussed together in one section followed
by a discussion of maternal attitudes to-
wards LNS and CSB.

6.1 Strengths and weaknesses of the
study

The two main strengths of the study were
longitudinal data collection (I, II) and the
use of study populations drawn from ran-
domized clinical trials with few drop-outs
(IIT, TV). Multiple observations of the
same participants (I) made it possible to
study patterns of supplement use over time
and let participating families become ac-
customed to the observers, presumably re-
ducing reactivity (Bentley et al. 1994,
Cousens et al. 1996, Gorter et al. 1998).
Frequent measurement of child health sta-
tus (II) minimized recall bias. Mothers
were asked to report on their child’s health
status only during the last 24 hours, al-
though maternal reports of child illness in
developing countries have been validated
for a two-week recall period (Rousham et
al. 1998). Drawing study populations
from randomized clinical trials (III, IV) af-
forded us fairly large sample sizes, which
improved the generalizability of the re-
sults.

The study benefited from combined quan-
titative and qualitative data collection (III),
and insight gained from many hours in the
field (I). Integrating qualitative and quan-
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titative methods, as was done in article III,
has been shown to result in a more accu-
rate picture of feeding behaviors and the
decisions that lead to them (Bauer and
Wright 1996). Training, testing, and su-
pervision of observers through hundreds of
independent observations of the same
children by the researcher and research as-
sistants ensured the quality of observation
data (I, IV) and gave the researcher a real-
istic picture of family habits and child
feeding practices in this area of Malawi.
In addition, the researcher used ethno-
graphic methods to collect another data set
(not included in this study) on local con-
cepts of child growth and undernutrition,
which afforded her a broader understand-
ing of the setting.

This study used structured observations to
obtain information on feeding patterns and
caregiver behaviors (I, IV). Observational
methods have both positive and negative
qualities. On the positive side, observa-
tions allow for the direct measurement of
behavior and they have proven to be more
accurate than recall or survey methods for
collecting data about food consumption
patterns and other household behaviors
(Stanton et al. 1987, Basch et al. 1990,
Curtis et al.1993). In the present study,
observations made it possible for us to re-
port on several issues related to the use of
supplementary foods, such as hygiene be-
fore supplement meals and various types
of supplement sharing, which had not pre-
viously been described in the literature.

On the negative side, observational meth-
ods tend to be subjective and participants
may react to the presence of observers.
The present study attempted to overcome
these issues by using careful definitions of
the observed behaviors, by standardizing
the observations of several observers, and
by using multiple observations to mini-
mize reactivity. Reactivity to observers is
usually decreased with 2 or more observa-



tions (Bentley et al. 1994, Cousens et al.
1996, Gittelsohn et al. 1997, Gorter et al.
1998). It is possible that there was more
reactivity in sub-study 4, where there was
only one day of observation per child. To
check this, we compared the feeding pat-
terns in sub-study 4 with those of sub-
study 1, where there were 10 days of ob-
servation per child and reactivity was ex-
pected to be low. We found that many of
the results were similar, which suggests
that reactivity was low for most of the var-
iables included in sub-study 4.

This study had several weaknesses, which
differed between the sub-studies and
which should be considered when inter-
preting the results. The sample size used
to study LNS feeding patterns over time (I)
and during illness (II) was small. A small
sample was selected to allow for multiple
full-day observations and other data col-
lection points, and these data were in-
tended mainly for description.

To study LNS use during illness (II), we
measured LNS consumption by weighing
LNS jars five days per week and asking
mothers who else ate the supplement and
how much they consumed. Although re-
ports of other individuals eating the sup-
plement were infrequent, other types of
behavioral studies have found that nega-
tive behaviors are frequently under-
reported (Curtis et al. 1993, Manun’Ebo et
al. 1997), so we cannot be sure how much
LNS was eaten by other family members
or whether the amount they ate varied by
the participating child’s health status.
However, the pattern of LNS consumption
during illness detected in this study, with
the lowest mean level of consumption dur-
ing fever, followed by diarrhea, then
cough, is consistent with other studies
(Mata et al. 1977, Brown et al. 1990) and
suggests that family members did not sys-
tematically eat more LNS when the child
was ill.
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There were two main limitations in our re-
search on maternal attitudes towards sup-
plement use (IIT). The study was designed
to allow mothers to try only one of the
supplements before giving their opinions
about it. While this allowed us to make
comparisons between the two groups, we
cannot be certain that mothers’ opinions
would be the same if they had tried both of
the supplements before the interviews, as
has been often been done in acceptability
trials (Paul et al. 2008). We also lacked
complete information on some socio-
economic variables, such as maternal age
and household food security, which could
have been included in the regression ana-
lyses as predictor variables of maternal at-
titudes. Information on maternal age was
available for a sub-sample of our data set,
but was not significantly associated with
any of the outcomes and was excluded in
the final models. Data on food security
were not collected. Given these limita-
tions and the exploratory nature of the
regression analyses, the models should be
interpreted cautiously, but could point to
new avenues for future research.

The main limitation in our work compar-
ing patterns of LNS and CSB use (IV) was
the lack of a control group. At the time
this study was designed, it was considered
unethical not to provide treatment to child-
ren who were known to be moderately un-
dernourished, so no control group was in-
cluded (Phuka 2009). As such, we were
able to make comparisons between feeding
patterns in the LNS and CSB groups, but
lacked information about the patterns in
children who did not receive any supple-
ment. One other possible limitation was
the use by three participants of the other
supplement on the day of observation. Al-
though swapping supplements is a serious
issue that should be considered in future
trials, the effect on the results of the
present study was minimal as the number
of individuals involved was very small.



Our research on LNS feeding patterns over
time (I) and as compared to CSB (IV)
might have benefited from concurrent col-
lection of quantitative information on di-
etary intakes, which would have allowed
us to report both patterns and quantities of
food consumed. We decided not to obtain
quantitative intake data during observa-
tions as these procedures often interfere
with normal feeding routines (Ferguson et
al. 1989) and our main aim was to observe
usual feeding patterns and behaviors.

The use of a study population living in an
area where many previous research
projects had been conducted could have
influenced participating caregivers’ atti-
tudes and behaviors. However, less than
half of the villages were located in the
Lungwena catchment area, where families
had experience with other research
projects, and we did not find major differ-
ences in feeding patterns or caregiver be-
havior between the Lungwena villages and
those with no prior contact with research
staff.

6.2 Feeding patterns and caregiver
behaviors during supplementary food
use (I, IL, IV)

There is very little other research on feed-
ing patterns, and particularly on caregiver
behavior, during supplementary feeding.
Consequently, our results are compared to
those of complementary feeding studies,
when available, and similarities and differ-
ences in behaviors in the results of articles
I and IV are discussed.

6.2.1 LNS feeding patterns as compared
to baseline and to CSB (1, 1V)

Despite the differences in study design and
sample size, there were many similarities
in feeding patterns when we studied LNS
use over time (I) and as compared to CSB
(IV). The lack of change in breastfeeding
frequency detected before and during LNS
supplementation (I) is consistent with re-
sults from Colombia, where there was no
difference in the breastfeeding frequency
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of supplemented and control groups (Mora
et al. 1981), but contrasts with data from
India, where breastfeeding frequency was
significantly lower in supplemented than
control children (Bhandari et al. 2001).
The similar frequency of breastfeeding de-
tected in the LNS and CSB groups here
(IV) is in line with results from Ghana,
where four intervention groups had similar
breastfeeding frequency (Lartey et al.
1999). Our breastfeeding frequency re-
sults (IV) also concur with a study in Ma-
lawi that found no difference in the
breastmilk intake of children receiving ei-
ther LNS or CSB (Galpin et al. 2007).
Maintenance of energy intake from
breastmilk is important for optimal com-
plementary feeding, especially during the
second half of infancy (Brown et al. 1998).
This is particularly an issue within the con-
text of complementary and supplementary
feeding programs as some studies have
found that the additional food replaced
part of the energy provided by breastmilk
(Caulfield et al. 1999, Bajaj et al. 2005, Is-
lam et al. 2006).

The mean complementary feeding fre-
quencies detected in this study are similar
to those of other studies of children in this
age group in southern Malawi (Ferguson et
al. 1989, Hotz and Gibson 2001), which
suggests that the introduction of either
LNS or CSB has little effect on feeding
frequency. The lack of influence on feed-
ing frequency when a supplement with
high energy density (such as LNS) was in-
troduced is somewhat surprising as other
studies have shown that as energy density
increases feeding frequency decreases
(Brown et al. 1995, Brown et al. 1998, Is-
lam et al. 2008). However, it may be that
because the energy intakes of children in
this part of Malawi are lower than interna-
tional recommendations (Hotz and Gibson
2001), increasing energy density allows
them to achieve recommended intakes but
has little impact on feeding frequency. In
addition, because the children in these sub-
studies were undernourished, their energy



requirements may be higher than for
healthy children of the same age (FAO
2001).

Although quantitative dietary data would
be needed as confirmation, our results
point to increased intakes with LNS as
compared to both the baseline and to CSB
because LNS was frequently added to por-
ridge or offered as a snack, whereas CSB
was usually given instead of a meal. This
fits with the pattern in another study of
LNS and CSB in Malawi, which found
that the energy intake from staple foods
decreased in the CSB group whereas mean
energy and nutrient intakes increased in
the LNS group as compared to the baseline
(Maleta et al. 2004). It is also consistent
with results from the Gambia, where a
high carbohydrate supplement acted as a
significant replacement of regular food
while a high fat supplement did not (Kra-
henbuhl et al. 1998).

Our results showing a lack of change in
the amount of time spent feeding a highly
energy dense food as compared to the
baseline or to a low energy density food
(CSB) are supported by data from Peru,
which showed that the daily amount of
time spent feeding children was related to
the number of feedings rather than the
energy density of the food (Brown et al.
1995). Although the total time spent feed-
ing did not differ before and during LNS
use, the mean minutes per episode de-
creased slightly for most types of food and
breastmilk (I). There are several possible
explanations for this. The decreases in the
length of breastfeeding episodes towards
the latter part of the study are likely due to
the drop in the number of children
breastfed. The small decreases in time
spent feeding complementary foods could
be related to the increasing age and abili-
ties of the children (Brown et al. 1998;
Engle et al. 2000) or possibly because
there was less reactivity to observers after
the first pair of visits (Bentley et al. 1994).
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One important difference between the
feeding patterns in the sub-studies is the
way LNS itself was used. During compa-
rable periods (e.g., weeks 5-11 of supple-
mentation), most children in sub-study 1
received their LNS mixed in porridge
while those in the LNS group in sub-study
4 more often had plain LNS. Because
caregivers were given no instructions
about how to serve LNS to the child, the
different packaging of the LNS is the most
likely explanation for the variation in use
in the sub-studies. In sub-study 1, LNS
was packed in plastic jars containing 5
days worth of LNS, whereas, in sub-study
4, LNS was provided in foil packets con-
taining a daily dose. The ease of feeding
plain LNS directly from the packets may
have promoted greater use of the plain
supplement than when it was provided in
jars, where the LNS usually had to be
mixed before serving.

6.2.2 Caregiver behaviors during LNS
use and for LNS compared to CSB (1, 1V)
The present study identified differences in
certain caregiver behaviors during CSB
and LNS use and during LNS mixed with
porridge as compared to plain LNS feed-
ing episodes. It is possible that the differ-
ences found in this study are linked to the
more frequent use of LNS than CSB and
plain LNS than LNS mixed with porridge
as a snack than a meal. Research in anoth-
er setting found that some caregiver beha-
viors differ during meals and snacks (En-
gle and Zeitlin 1996). However, control-
ling for the use of the supplement as a
meal or snack did not change our compari-
sons between LNS and CSB or between
LNS plain and mixed with porridge. This
suggests that certain caregiver behaviors
are related to the mode of serving LNS.

For those behaviors that appear to be most
strongly linked to the use of plain LNS,
failure of caregivers to wash their hands
before feeding and less frequent and
smaller proportions of leftovers, we had
similar results in our comparisons of LNS



plain and mixed in both sub-studies. Hand
washing before eating is one way to pre-
vent diarrhea transmission (Ejemot et al.
2008), and differences in hand washing by
type of supplement or mode of serving
could have an impact on the benefits
achieved by the intervention. The propor-
tions of caregivers washing their hands be-
fore CSB and LNS mixed with porridge
feeding episodes are similar to those re-
ported in other developing countries, while
those for plain LNS are somewhat lower
(Manun’Ebo et al. 1997, Sakisaka et al.
2002).

Frequency of leftovers and the proportion
of the food that was leftover were among
several aspects of compliance with the in-
tervention that were studied. How much
of the supplement is consumed by partici-
pating children is important because feed-
ing interventions cannot improve nutri-
tional status without increasing intake of
nutrients and energy (Beaton and Ghasse-
mi 1982, Caulfield et al. 1999, Dewey and
Adu-Afarwuah 2008). Other studies in
Malawi have used maternal reports or fo-
cus group discussions to monitor com-
pliance during CSB and LNS supplemen-
tation and have found very low levels of
sharing (Phuka et al. 2008; Matilsky et al.
2009; Phuka et al. 2009). In the same
study population used in article IV, moth-
ers reported during weekly interviews that
supplements were used by other family
members < 1% of the time (Phuka et al.
2009). These data differ markedly from
our in-home observations, where we re-
corded sharing, leftovers, and supplies of
supplements that were finished early. The
differences in reported and observed beha-
viors noted here are similar to those found
in research on household hygiene (Ma-
nun’Ebo et al. 1997), indicating that care-
givers tend to under-report undesirable
behaviors (Curtis et al. 1993).

The greater proportion of CSB than LNS
leftover is probably due to the fact that
children were typically fed CSB only once
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per day and the usual preparation of the
daily dose of CSB flour makes about 0.7
liters of porridge, which most children of
this age cannot consume at one sitting
(Sanchez-Grifian et al. 1992; Brown et al.
1998). The greater frequency and larger
proportion of leftovers with LNS mixed
with porridge than plain LNS was similar
in the sub-studies. It is possible that CSB
and LNS mixed with porridge are more
frequently leftover than plain LNS because
caregivers purposely make more porridge
than the child can eat so that there is some
available for the child’s siblings or other
family members. This idea fits with re-
search on intrahousehold food allocation,
which has shown that caregivers may
channel at least a portion of special or high
status foods to specific family members
(Gittlesohn 1991).

It is important to consider the amount of
observed sharing and leftovers within the
context of how much of the daily dose of
the supplement was offered to children be-
cause giving only part of the dose is
another possible avenue by which the sup-
plement can be diverted away from the
participating child and towards other
household members. The proportion of
the daily dose of LNS offered to children
here was consistent with findings from
supplementary feeding programs (Beaton
and Ghassemi 1982, Rond6 Schilling
1990), but was somewhat higher than re-
ported in a study of CSB and LNS in Ma-
lawi (Maleta et al. 2004), most likely be-
cause data on intakes in Maleta et al. were
collected just before a new supply of sup-
plement was delivered.

Although there were several similarities in
the caregiver behaviors measured in the
sub-studies, there were also some differ-
ences, particularly in the type of utensil
used for feeding. Differences in the uten-
sil used for CSB and LNS and between the
sub-studies for plain LNS are related to the
LNS packaging. The type of utensil used
to feed certain types of food depends on



what is practical and culturally appropriate
(Pelto et al. 2003). In this part of Malawi,
spoons are commonly used to eat porridge,
which explains why CSB and LNS mixed
with porridge are usually fed to children
with a spoon. Since plain LNS is a new
food, there is no set cultural pattern for its
use, and it appears that when it is supplied
in jars plain LNS is often fed with a spoon
while LNS in packets is frequency fed di-
rectly from them. The differences in pat-
terns of plain LNS use and the type of
utensil used to feed LNS in the two sub-
studies indicate that Malawian caregivers
are able to adapt their child feeding strate-
gies to a new situation. Similar types of
adaptation to new complementary foods
have been found in feeding interventions
and trials of improved practices in other
locations (Bentley et al. 1991a, Creed
Kanashiro et al. 1991, Paul et al. 2008).

While identifying behaviors related to
supplementary food use may help in plan-
ning future interventions, it is also useful
to know whether these behaviors have an
influence on child growth. Of several be-
haviors entered into a regression model,
we found that only the presence of left-
overs was associated with growth (IV).
There is evidence from several studies that
consumption of supplements was inade-
quate to increase energy intake due to
sharing or replacement (Beaton and Ghas-
semi et al. 1982, Santos 2005, Owino et al.
2007). This is consistent with our finding
that leftovers are negatively associated
with change in the child’s WAZ, but con-
trasts with our result showing no associa-
tion between sharing of supplements and
child growth. Although leftovers and shar-
ing both reduce consumption by the target
child, our lack of detection of an associa-
tion between sharing and growth is likely
due to the infrequent occurrence of shar-
ing. Our finding that feeding frequency
did not predict growth could be explained
by low variability in the number of daily
feeding episodes in our sample. Research
on hygiene practices has shown that they
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tend to cluster (Arimond and Ruel 2002),
so it is likely that we were not able to
detect an association between hand wash-
ing before supplementary feed episodes
and child growth because this single indi-
cator does not adequately represent house-
hold hygiene practices.

6.2.3 LNS feeding patterns during illness,
convalescence, and health (I1)

Our findings in terms of LNS use during
illness are consistent with the results of
several other studies that have shown low-
er levels of appetite and energy intake in
children during illness, especially during
fever (Mata et al. 1977, Martorell et al.
1980, Brown et al. 1990, Brown et al.
1995). Although our scheme for coding
illnesses did not affect the main compari-
sons (ill vs. not ill, convalescing vs.
healthy), it could have influenced our es-
timates of mean LNS consumption by type
of illness. Because fever together with any
other symptom was counted as fever, these
were probably the days when the children
were most ill, so it is no surprise that mean
consumption was lowest on these days.

The fact that the drop in LNS consumption
was small on ill versus not ill days and the
mean intake was equally good on conva-
lescent and healthy days suggests that LNS
could be used to help parents follow com-
plementary feeding recommendations dur-
ing and following illness (PAHO/WHO
2003), which might promote catch-up
growth or prevent deterioration of nutri-
tional status. However, based on current
scientific evidence, it is not possible to say
whether use of a special feeding regimen,
such as LNS supplementation, during and
following illness would have a long-term
impact on child growth.

6.3 Maternal attitudes towards LNS and
CSB use (I1I)

This research found that mothers’ attitudes
towards LNS and CSB were positive and
quite similar. There is very little informa-
tion in the literature about maternal atti-



tudes towards supplementary foods for
their children. One study, conducted in
Ghana, reported on maternal attitudes to-
wards LNS and two non-food micronu-
trient supplements, and also found that
mothers had positive and similar attitudes
towards them (Adu-Afarwuah et al. 2008).
Although many of the specific attitudes
examined in the present and the Ghanaian
studies were different, where the types of
questions overlapped, the results of the
two studies converged. In both our study
and the one in Ghana, most mothers re-
ported that supplements were highly ac-
ceptable, they would be willing to buy
supplements if available for sale, and they
would be willing to pay more for LNS
than for other supplements.

Despite the overall similarity in Malawian
mothers’ attitudes towards LNS and CSB,
there were a few important differences be-
tween the study groups, and we uncovered
some issues that may be of programmatic
importance. We found that the majority of
mothers believed that LNS and CSB were
food, not medicine. Whether supplements
are considered to be food or medicine has
potential implications for how much they
are shared, particularly in a culture where
sharing food is the norm. One approach to
prevent sharing of supplements has been
tried in a trial of LNS and CSB supple-
mentation in Malawi, where mothers were
told that the supplements were medical
treatments for their undernourished child-
ren (Matilsky et al. 2009). Whether this
type of advice to mothers was effective at
preventing supplement sharing was not
adequately measured, but use of such an
approach is worrying because our study
indicates that mothers tend to think of
these supplements as food and promoting
their medicinal qualities, in the absence of
further research on the issue, might have
unintended consequences. It is known that
mothers in developing countries tend to
discontinue medical treatments, such as
oral rehydration solution and antibiotics,
when their child’s symptoms subside or
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the child begins to look healthy (Bentley
1988, Dy 1997). Early discontinuation of
supplementary food use could limit its po-
tentially beneficial effect.

Mothers whose children received LNS
were more likely than those who were as-
signed CSB to state that they would with-
hold the supplement during diarrhea and
cough. Frequent illnesses during child-
hood have a negative impact on growth
(Mata et al. 1977, Scrimshaw and SanGi-
ovanni 1997, Checkley et al. 2003, Check-
ley et al. 2008), but continuing to consume
food or supplements during illness could
assist in maintaining children’s nutrient in-
take and minimize the effect of illness on
nutritional status (PAHO/WHO 2003,
Dewey and Adu-Afarwuah 2008). Rea-
sons for possible withholding of supple-
ments during diarrthea and cough were
similar in the sense that, in both cases,
mothers were more likely to think that
LNS would increase the severity of the
symptoms than CSB. In the case of cough,
this was clearly due to the sweetness of
LNS, indicating that this version might be
too sweet for this cultural context. On the
other hand, the most frequently cited posi-
tive aspect of both supplements was the
sweetness. The sweetness of a processed
complementary food developed for child-
ren was praised by mothers in another
study (Paul et al. 2008), and it is known
that it is easier to feed children sweet food
because they learn this taste very early in
life (Kare and Beauchamp 1985). Our re-
sults indicate the importance of taking a
balanced view of mothers’ opinions in de-
veloping acceptable and culturally appro-
priate supplementary foods for their child-
ren (Bentley et al. 1991a, Creed Kanashiro
et al. 1991).

We found that maternal literacy and
child’s WHZ at the start of the study were
associated with maternal attitudes about
withholding of supplements during fever,
diarrhea, and cough. Higher levels of ma-
ternal education are associated with better



child feeding and caring practices (Guldan
et al. 1993a, Engle et al. 1997), which is
consistent with our finding that literate
mothers are less likely to withhold sup-
plements during illness. Preferential feed-
ing practices (i.e., offering more or better
quality food) for thin or poorly growing
children have been reported in other de-
veloping countries (Piwoz et al. 1994, Si-
mondon and Simondon 1995) and fit with
the association between child’s nutritional
status and maternal feeding behaviors
identified in this study. Several ethnic
groups in Malawi have beliefs that child
undernutrition and health are linked to the
actions of their parents. For example, if
parents do not follow rules about absti-
nence, they believe that their young child-
ren may fall ill, become thin, or have other
signs of undernutrition, such as edema
(Zulu 1996, Van Breugel 2001, Munthali
2002). As having a poorly growing child
is an indication of parental misbehavior in
this context, one would expect that Mala-
wian mothers would tend to make a special
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effort to feed their children if they appear
thin or wasted.

Other issues that could be important for
planning future interventions involving
supplements, particularly LNS, emerged
from the data. Our results showing that
most mothers controlled the use of sup-
plements within their families and that
they discussed the use of supplements with
their husbands and their own mothers are
supported by the findings of a study on
health-seeking behavior in the same area
of Malawi (Ashorn 2003). Because moth-
ers are clearly the main controllers of
LNS, they could be the focus for health
education about supplements, but, as im-
portant sources of advice and social sup-
port, husbands and grandmothers could
also receive such information. Research
from another part of Malawi points to the
necessity of targeting information and
education to grandmothers because they
play an important role in decision-making
about child feeding (Bezner Kerr et al.
2008).



7. SCIENTIFIC CONCLUSIONS

The purpose of the present study was to
identify issues related to the home use of
LNS that might be useful in planning fu-
ture programs and research. The main fo-
cus was on feeding patterns and caregiver
and child behaviors during LNS use. We
investigated how patterns of LNS use
changed over time and how the supple-
ment was used during illness, convales-
cence, and health. Patterns of LNS use
and mothers’ attitudes towards the sup-
plement were also compared with those of
a common supplementary food, CSB. Be-
cause the sample size in sub-studies 1 and
2 was small, conclusions from these stud-
ies may not be widely generalizable.
However, several of the results in sub-
study 4 are similar and support the find-
ings from sub-study 1. Sub-studies 3 and
4 used large, randomized samples that
should allow conclusions to be made with-
in the appropriate cultural context.

LNS do not affect the frequency of breast-
feeding and complementary feeding or the
amount of time spent feeding children, as
compared to the baseline or to CSB. There
is no difference in LNS intake on healthy
and convalescent days, but there is a small
decrease in LNS consumption on days
when children are ill versus when they are
not ill. The way LNS is used changes over
time, with a period of acclimation and test-
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ing different modes of serving (plain or
mixed with porridge) during the first
weeks of use. The preferred mode of serv-
ing LNS is not clear and may depend on
the type of packaging used. Differences in
specific behaviors, such as use of the sup-
plement as a meal or snack, hand washing
before feeding, use of a spoon to feed the
supplement, and presence and quantity of
leftovers, are linked to the mode of serving
LNS. The issue of leftovers may be im-
portant to future supplementary feeding in-
terventions as the presence of leftovers is
negatively associated with child growth.
On average, children are not offered the
full daily dose of LNS, suggesting that
other aspects of supplement sharing may
also be relevant.

Mothers’ attitudes towards LNS and CSB
are positive and quite similar. Attitudes
related to whether the supplement is food
or medicine and use of supplements during
illness are more variable than other mater-
nal attitudes towards supplements. With-
holding LNS during cough and diarrhea is
related to the perceived effect of the LNS
on symptom severity. For cough, this is
due to the sweetness of the LNS. Maternal
literacy and child’s initial WHZ are pre-
dictors of maternal attitudes about with-
holding of supplements during illness.



8. PUBLIC HEALTH IMPLICATIONS AND FUTURE RESEARCH NEEDS

While more data on the effectiveness of
supplements are needed, there has been
much international interest in using LNS
to improve the nutritional status of under-
nourished children and to prevent growth
failure (The PLoS Medicine Editors 2008).
This level of interest has necessitated re-
search on the behavioral aspects of sup-
plement use that can be employed in de-
signing programs and future research. The
present study was a first attempt to fill part
of the gap in the behavioral research by
examining caregivers’ attitudes and beha-
viors during the home use of supplemen-
tary foods for young, undernourished
Malawian children.

As the issues studied are context-
dependent, the implications for public
health programs cannot be generalized
beyond Malawi and are likely to be most
appropriate for the southern part of the
country. Similar attitudes towards LNS
and CSB suggest that caregivers would
have no trouble adapting to using LNS, if
it were to replace CSB, in supplementary
feeding programs. It may be worthwhile
trying a less sweet version of LNS to en-
sure that it is used during cough. As use of
LNS during illness and convalescence is
good, programs could promote its use dur-
ing these periods to help children maintain
their nutritional status and/or prevent
growth faltering. Strategies for minimiz-
ing leftovers and preventing other forms of
sharing are needed. One way programs
might be able to influence the way sup-
plements are used is by providing clear
messages that promote specific behaviors.
The present study indicates that mothers
control supplement use but discuss its use
with their husbands and their own mothers,
suggesting that these three groups could be
targeted with health education. Based on
this research, some possible key messages
are as follows:
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« If LNS is mixed with porridge, the
quantity of porridge should be small
enough for the child to finish.

+ Continue offering the child LNS dur-
ing illness and when the child is recov-
ering from illness. Using LNS during
cough or diarrhea will not make the
child more ill.

* Wash your own and your child’s hands
(with soap) before feeding LNS.

# For your child to grow better, it is im-
portant to offer the full daily dose of
LNS, but do not force the child to eat
more than he or she wants.

The results of this study also point to sev-

eral areas where further research on LNS

and child feeding is needed. These are as
follows:

+ The effects on child nutritional status
of using LNS during illness could be
tested in a randomized trial where
young children are allocated to receive
either no auxiliary treatment or to re-
ceive LNS as an auxiliary treatment
during and after acute illnesses.

» Research on strategies for dealing with
sharing and leftovers is needed to en-
sure that target children eat an ade-
quate quantity of LNS to make a dif-
ference in their growth. At least two
types of strategies could be tested.
One might be a trial aimed at measur-
ing the effect of advice on minimizing
leftovers, where caregivers are ran-
domized either to receive advice about
feeding supplements (e.g., to feed LNS
mixed in a small quantity of porridge)
or to a control group that receives sup-
plements without advice about feeding.
A second strategy could focus on the
issue of whether LNS should be called
food or medicine and whether calling it
medicine reduces sharing. Qualitative
data on local concepts of food and
medicine should be collected to learn
how these terms are understood by
caregivers. A trial where caregivers



are randomized to groups that are ad-
vised that LNS is either food or medi-
cine could be conducted to determine
the effects of this type of labeling on
sharing and early discontinuation of
use.

A trial where LNS is supplied to each
study group in different types of pack-
aging could be conducted to measure
how the packaging affects hygiene and
other feeding practices. It would be
important to determine what type of
packaging promotes appropriate feed-
ing behaviors and is also most cost-
effective and environmentally-friendly.
This study provided information on the
mean price mothers would be willing
to pay for LNS, but this needs to be
tested in practice.

Although the majority of children
learned to eat the supplements within a
short period of time, we found that 7-
10% of them never adapted to eating
the supplement. In-depth interviews or
focus group discussions with their
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caregivers should be carried out to
identify what types of problems these
children and/or their mothers had that
made it difficult for the children to eat
the supplement and what actions would
be needed to help overcome such is-
sues. This type of information would
be important for programs using LNS,
as a small, vocal minority that has had
negative experiences with a product
could derail widespread uptake.
Ethnographic data on local beliefs
about child health and undernutrition
and how these may affect the identifi-
cation of undernourished children who
need supplements should be carried out
to inform program planning.

Finally, more work is needed to identi-
fy feeding and other caring practices
that are associated with growth. Such
data would be useful both for planning
interventions using supplements, like
LNS, and for designing associated
behavior change interventions.
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Abstract

Fortified spread (FS), containing dry food particles embedded in edible fat, offers a convenient
means for nutrition rehabilitation. To describe how caregivers feed FS to their undernourished
children at home, and how FS use affects other feeding patterns, we conducted a longitudinal
observational study in rural Malawi. Sixteen 6- to 17-month-old underweight children (weight-
for-age z-score < —-2.0; —3.0 < weight-for-height z-score < 0) received FS for 12 weeks. Twelve-
hour observations were conducted before supplementation and during weeks 1, 4, 8 and 12 of
FS use. FS was fed to children about two times per day; each serving was 15-20 g. The spread
was first used mainly alone as a between-meal snack, and then became integrated into the
typical complementary feeding pattern by being mixed with porridge. Introduction of FS
reduced the number of plain porridge meals, but did not decrease the total number of meals or
breastfeeds per day and did not change the daily mean time caregivers spent on feeding.
Children accepted the FS well, but more FS was wasted when it was offered mixed with porridge
than when given alone (23.6% vs. 1.2%, 95% CI for the difference 13.2% to 31.6%). FS
supplementation is feasible for community-based nutrition interventions in Malawi because it
easily becomes part of the feeding routine, does not replace other foods and does not take extra
caregiver time. To limit wastage, caregivers should be advised to serve FS plain or to mix it with
only a small quantity of porridge.
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Introduction

Undernutrition affects up to 40% of children aged
less than 5 years in low-income countries (UNICEF
2000). It causes morbidity and adverse long-term
sequelae and contributesto global childhood mortal-
ity. Severely undernourished children have the high-
est risk of morbidity and death from this condition,
but mild and moderate undernutrition create a
greater health burden at the population level
(Pelletier et al. 1995). In Malawi, the problem usually
developsinchildrenaged 6-17 months,sothatbythe
age of 18 months, 30-50% of all children in rural
Malawi are undernourished (Maleta et al. 2003).

Supplementary feeding is one possible avenue for
improving the feedingand growth of childreninpoor
communities. Efficacy trials of a variety of types of
food supplements in different settings and with chil-
dren of different ages have had variable results, with
some studies showing that supplements have a posi-
tive impact on growth while others show no change
(WHO 1998; Allen & Gillespie 2001). Age, initial
nutritional status, food availability and feeding prac-
tices may all have an effect on the success of supple-
mentation (WHO 1998). Despite these possible
constraints,inlocations,such asMalawi, where other
interventions,likedietarydiversificationandfortified
complementary foods, are too expensive toreach the
poor, supplementary feeding may be a feasible and
appropriate option.

Fortifiedspread (FS),containing dry food particles
embedded in edible fat, is food supplement that has
proven to be effective in research settings and that
offers some clear benefits over milk- or cereal-based
supplements. FSis five times more energy dense than
cereals, needs no cooking before use, is hygienic
because it does not support bacterial growth, and
contains adequate quantities of micronutrients
(Briend et al. 1999; Briend 2001). A therapeutic ver-
sion of spread, called ready-to-use therapeutic food,
has been used successfully for rehabilitating severely
undernourished children either in hospital or as out-
patients (Collins & Sadler 2002; Diop et al. 2003;
Manary et al. 2004; Sandige et al. 2004). Increases in
weight and length gain have also been reported
among moderately undernourished children supple-

mented with FS athome (Patel et al. 2005; Kuusipalo
et al.2006). These studies suggest that different types
of spreads may spread a potential avenue for com-
munity-levelmanagementofundernutrition.Todate,
there is no published information available on the
practical aspects of home spread use, which would be
needed to plan larger-scale interventions.

InordertoprovidedataonhowFSisusedathome,
we carried out a longitudinal observational study of
feedingpatternsamongunderweight 6-to 17-month-
old children in rural Malawi. The aim of this descrip-
tive study was to look at issues such as the size of a
typical FS feed, time spent feeding FS, waste of FS,
impact of FS on complementary feeds, and changes
in FS use over time.

Methods

Setting, design and overview

The study was conducted around Lungwena and
Malindi in a rural area in southern Malawi. Partici-
pantswere provided with FS foraperiod of 12 weeks.
Ten12-hobservationswere conductedforeachchild;

observations were carried out on two consecutive
days. The first pair of observations was completed
before the children received FS (week 0). Children
andtheircaregiverswere thenobservedduringweeks
1,4,8and 12 of FS use. A background questionnaire
toobtainsocio-economicinformationwascompleted

onthefirstdayof observation. Children’s weightand

length were measured at enrolment and at the end of
thestudy. Ethicalapprovalforthestudy wasobtained
from the College of Medicine Research and Ethics
Committee at the University of Malawi,and from the

Ethical Committee of the Pirkanmaa Hospital Dis-
trict in Finland.

Participants

Participants were a sample of 16 6- to 17-month-old
childrenselected fromssix villages. Villages were cho-
sen so as to include possible differences in health-
seekingandavailability offood (especiallyfish) based
on their distance from health facilities and the lake.
Research assistants and village health workers visited
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the villages to prepare initial lists of children in
the age group. The research team then went to each
village to measure the children, test for peanut
allergy, and verify eligibility [weight-for-age z-
score(WAZ) < -2.0;-3.0 < weight-for-height z-score
(WHZ) <0; not participating in another study;
looked after by biological mother; no peanut allergy;
nochronicillness;andguardian-signedinformedcon-
sent]. Theweight-for-ageandweight-for-heightcrite-
riafor thisstudy were selected to obtain children who
were underweight but not wasted and not short and
fat. Atthe time the study was conducted, low weight-
for-height (WHZ < -3.0) was the Malawian Ministry
of Health’s criteria for achild to enter inpatient nutri-
tion rehabilitation. Weight was measured using a
UNICEEF Salter scale (reading increment 0.10 kg),
andlength wasmeasured usingalength board (Shorr
Productions, Olney, MD, USA; reading increment
0.10 cm). Weightsand heights were convertedinto  z-
scores using the Center for Disease Control and Pre-
vention tables (Kuczmarski et al. 2002).

Procedures

Each trained female research assistant was responsi-
ble for carrying out all study activities for four chil-
dren in one or two villages. Research assistants were
assigned to observe and visit the same four partici-
pants so that they could develop rapport with the
families, thereby minimizing their effect on the
observations.

The FS used in this study contained peanut butter,
milk powder,sugar, oil and vitamin/mineral mix, and
a daily dose provided approximately 250 kcal of
energy, 7 g protein, 14 g carbohydrates, 17 g fat, and
one recommended daily allowance of 17 micronutri-
ents. It was obtained from a local producer in the
capital (Project Peanut Butter, Blantyre, Malawi).
Research assistants delivered three plastic jars of FS
to participants’ homes every 2 weeks; each jar con-
tained enough FS for 5 days. At the beginning of the
FSfeedingperiod,caregiverswereinformedthatthey
should feed the study child 7 teaspoons (approxi-
mately 50 g) of FS per day, and that the FS was
specifically for the study child. No advice about how
or when to give FS was offered because the aim of

the study was to see how families chose to use FS in
practice.

Background questionnaire

A background questionnaire was administered to
each caregiver on the first day of observation. The
questionnaire containeddemographicandeconomic
questions, including the age, education and occupa-
tion of the parents, number of family members, and
food availability.

Observations of feeding

On each day of observation, a research assistant vis-
ited the family from approximately 6 AM to 6 PM.
First, the research assistant asked the caregiver if
either she or the child was ill. If so, the research
assistant inquired about the kind of illness. Then the
research assistant sat near the child and recorded the
type of food and duration of all feeding episodes
(including breast milk). Research assistants also used
a semi-structured form to collect information about
caregiver—child interactions during meals, including
who fed the child, what utensil was used, and how
many bites were offered and eaten.

The study’s principal investigator conducted 25%
of observation visits with research assistants and
independently recorded the data. This allowed us to
estimate interobserver reliability for individual vari-
ables using Pearson’s correlation coefficient and
Cohen’s « statistic. On feeding logs, « was 0.99 for
type of food and rwas 0.86 for length of episode. On
feeding interaction forms, rranged from 0.84 to 0.98
for variables counting teaspoons of food offered and
eaten,and kwas0.98 for primary feeders and 0.97 for
primary utensils. Because interobserver reliability
was high, all analyses presented below use data col-
lected by research assistants.

Method of analysis

Data were entered into a self-designed Microsoft
Access database, extracted to Microsoft Excel tables
andanalysedwith SPSS(version11.5)and STATA (ver-
sion 9.2). Linear regression analysis was used to cal-
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culate means and to test for differences between
somesubgroups. Theanalysiswasadjustedforwithin-
subject correlation by the Huber-White robust
standard error (Binder 1983). Binomial regression
was used to analyse proportions (Spiegelman &
Hertzmark 2005), with statistical inference based on
therobuststandarderrortoallowfor correlated data.

In the analysis, foods listed in feeding logs and
interaction forms were divided into seven types
defined as follows: porridge (made from maize, rice
or maize/soy; approximately 10% dry matter); FS
alone (spread given straight from the jar); FS mixed
(spread mixed with porridge); nsima (dough made
from maize; approximately 28 % dry matter) and rel-
ish (mostoften green vegetables, fish or beans); other
meals (rice or boiled pumpkin); snacks (such as
bananas, bread or roasted maize); and breast milk.
When breast milk and food were recorded on the
same line on feeding logs, only the type of food was
used in the analysis. This procedure led to a slight
underestimation of the number of breast milk
episodes.

Results

A total of 228 children were identified in initial
screening; 200 (87.7%) of them were measured by
the research team. Of those measured, 177 were not
eligible for the following reasons: 119 not under-
weight, 38 not correct age, 18 in another study, 1
chronically ill, and 1 whose mother was deceased.
Out of 23 eligible children, 16 were selected. In four
villages, all eligible children ( n =8) were enrolled. In
the other two villages, four children were selected
randomly (8 children in total). Atenrolment, all car-
egivers were mothers. The background characteris-
tics of the children and their families are shown in
Table 1.

Of the planned 160 days of observation, 155 days
werecompleted. Thelengthofmostobservationswas
approximately 12 h; however, 11 observation days
(7%) were shorter (usually 4-8 h) due to visits away
fromhome (tohealthcentre,traditionalhealer,fields,
funeral or maize mill) by participants.

Table 2 describes the number and duration of dif-
ferent meal types before FS was provided (week 0)

Table 1. Background characteristics of children and their families

Mean (SD) age of child at enrolment 13 (3) months

Proportion female 63%

Mean (SD) anthropometric measurements
Weight 7.5 (0.8) kg
Length 69.8 (3.9) cm
Weight-for-age z-score -2.6 (0.3)
Height-for-age z-score -1.8 (0.7)
Weight-for-height z-score -1.2 (0.9)

Mean (SD) age of mother
Mother’s occupation (%)

26 (7) years

Housewife/farmer 75
Small business owner 19
Other 6
Mother’s education (%)
None 6
1-3 years 44
4-6 years 19
7-9 years 12
10 or more years 19
Father lives with family (%) 50
Mean (SD) number of household members 5(2)
Mean (SD) number of children <5 years 2 (1)
Mean (SD) birth order of study children 4(2)

and during FS use (weeks 1-12). All children, except
one, were breastfed. In the absence of FS, the typical
daily feeding pattern was: breast milk 11 times, por-
ridge one to two times, nsima one time, and snacks

threetimes. When FSwasintroduced,themeantimes

per day children ate plain porridge decreased (from
1.5 to 0.3, 95% CI for the difference 0.8 to 1.6,
P <0.001), while the mean times they had all other
foodtypes,includingbreastmilk,remained thesame.

The duration of breastfeeding episodes did not
change when children received the spread.

FS was generally well accepted by children in this
study. It was fed to children two times per day on
average, and it comprised or was included in 31 % of
meals and snacks. There was a large difference in the
mean time it took to feed FS alone and FS mixed with
porridge (5.4 vs. 14.5 min, 95% CI for the difference
5.6 to 12.5, P <0.001). Fifteen per cent (19/124) of
observation days during weeks 1-12 included no FS
feedings; approximately half of these were because
the child’s FS supply was already finished. The rec-
ommended dose of 7 teaspoons of FS per day was
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Table 2. Number and duration of feeding episodes before and during FS supplementation

Porridge FS mixed FS alone Nsima and relish ~ Other meals Snacks Breast milk
Mean (95% CI) times per day
Before FS 1.5(1.1,1.9) - - 1.0 (0.7,1.4) 0.3 (0.1,0.5) 2.7(1.2,2.8) 11.1(8.2,14.1)
During FS 0.3 (0.2,0.4) 0.9 (0.5,1.2) 0.7 (0.4,0.9) 1.0 (0.8,1.3) 0.2 (0.1,0.3) 2.0(1.3,41) 10.1(6.8,13.5)
Mean (95% CI) minutes per episode
Before FS  14.5 (11.6,17.3) - - 17.2 (13.2,21.3) 22.0 (14.1,29.9) 6.6 (5.6,7.5) 6.0 (4.9,7.2)
During FS  11.8 (7.0, 16.6) 145 (11.7,17.2) 54 (35,72) 143 (122,16.4) 16.8 (8.5,24.9) 49 (4.1,5.7) 6.6 (5.0,8.1)

This table is based on data from feeding logs. Means and confidence intervals were adjusted for within-subject correlation. Before FS (fortified

spread) = week 0. During FS = weeks 1, 4, 8 and 12. Porridge = maize, rice or maize/soy, approximately 10% dry matter; FS mixed = spread

mixed with porridge; FS alone =spread given straight from the jar; nsima = dough made from maize, approximately 28% dry matter, and

relish = side dish made of green vegetables, fish or beans; other meals = rice or boiled pumpkin; snacks = small quantities of food eaten between

meals (such as banana, bread, roasted maize).
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Fig. 1. Number of food episodes and mean daily feeding time by study week.
Figure la,b is based on data from feeding logs. In Fig. |a, the sum of the number of feeding episodes during each study week is presented. In
Fig. Ib, the mean daily feeding time for each type of food during each study week was adjusted for within-subject correlation. During week 0, no

FS (fortified spread) was provided to participants. FS was available to participants during weeks |, 4, 8 and |2. Porridge = maize, rice or maize/

soy, approximately 10% dry matter; FS mixed = spread mixed with porridge; FS alone = spread given straight from the jar; nsima = dough made

from maize, approximately 28% dry matter; and relish = side dish made of green vegetables, fish or beans; other meals = rice or boiled pumpkin;

snacks = small quantities of food eaten between meals (such as banana, bread, roasted maize).

offered to children during 27% of visits (34/124); at
least 5 teaspoons of FS were offered during 47% of
visits (58/124).

The way in which the feeding patterns changed
during the course of the study is shown in detail in
Fig. 1a. The number of porridge meals was greatest
during week 0 (no FS). Most porridge episodes were
replaced by FS episodes (alone and mixed) when the
children started receiving FS. Both the total number
of FS episodes and the number of FS alone episodes
were greatest during week 1 and decreased until the
end of the study, while the number of FS mixed epi-
sodes remained fairly stable throughout the study.
During weeks 8 and 12, the combined number of

episodes of FS alone, FS mixed and porridge were
approximately equal to the number of porridge epi-
sodes during week 0 visits.

The daily mean time spent feeding the children
decreased when FS was introduced (week 1) and
continued to decrease during the rest of the study
(Fig. 1b). The mean time spent feeding breast milk,
nsima and FS mixed remained fairly constant
throughout the study, while the mean time spent
feeding porridge and FS alone decreased greatly.
Starting from week 4, the combined mean times for
feeding porridge, FS alone and FS mixed were less
than the mean time spent feeding porridge only dur-
ing week 0.

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd. Maternal and Child Nutrition, 4, pp. 65—73



70

V.L. Flax et al.

Table 3. Teaspoons of FS offered and eaten per episode by study week

Week 1 Week 4 Week 8 Week 12 Total

Mean (95% CI) teaspoons of FS offered

FS alone 2.7(1.7,3.6) 23(1.4,3.1) 3.9 (1.8,6.0) 2.6 (-1.5,6.7) 2.7 (2.0,3.4)

FS mixed 2.8 (2.2,3.5) 2.8(2.3,34) 32(2.4,4.0) 3.0 (2.3,3.7) 3.0 (2.6,3.4)
Mean (95% CI) teaspoons of FS eaten

FS alone 2.7(1.7,3.6) 22(1.2,32) 3.9 (1.8,6.0) 2.6 (—1.5,6.7) 2.7 (2.0,3.4)

FS mixed 2.1(1.4,2.8) 2.2 (1.6,2.7) 2.4 (1.6,32) 2.4 (1.6,3.3) 2.3(1.7,2.8)
Proportion lost (95% CI) during feeding

FS alone 0.0% (-) 3.9% (-3.1,9.9) 0.0% (-) 0.0% (-) 12% (-1.3,3.8)

FS mixed 27.0% (11.8,42.3) 22.6% (15.1,30.1) 24.8% (8.3,41.2) 20.0% (8.1,31.9) 23.6% (14.0,33.3)

This table is based on data from observations of feeding episodes. Means were calculated using linear regression and proportions were calculated

using binomial regression. All calculations were adjusted for within-subject correlation. FS (fortified spread) alone = spread given straight from

the jar; FS mixed = spread mixed with porridge. (-) = same value for upper and lower confidence limits.

Dataabout the amount of FS offered and eaten, as
well as the proportion lost or wasted, are presented
inTable 3. Oneteaspoon equals approximately 7 gof
FS; so on average, children ate 15-20 g of FS per
episode. More of the FS was wasted when it was
offered mixed with porridge than when it was given
alone (23.6% vs. 1.2%, 95% CI for the difference
13.2% to 31.6%, P <0.001).

Todescribe who fed the children and what type of
utensil was used, proportions were calculated using a
feeding episode as the unit of analysis. Caregivers
were the primary feeders during 95% (57/60) of FS
alone, 88% (66/75) of porridge, 78% (85/109) of FS
mixed,and59% (89/151) of nsimaepisodes. Children
fed themselves 92% (22/24) of snacks and 63% (20/
32) of other meals. A spoonwasused tofeed children
during 91% (68/75) of porridge, 88% (53/60) of FS
alone, and 83% (91/109) of FS mixed episodes. Chil-
dren’s and caregivers’ hands were used during 88%
(21/24) of snacks and 64% (96/151) of nsima meals,
respectively. For those types of food that were fed to
children throughout the study (i.e. porridge, nsima,
othermeals andsnacks), there waslittle changein the
proportionsof feedersand utensilsbefore and during
FS use.

During the 12-week follow-up, the mean (SD) gain
in weight was 1.0 (0.5) kg and in length was 3.8 (1.3)
cm. Mean (SD) gainsin anthropometricindices were
0.3 (0.6), 0.0 (0.4), and 0.3 (0.5) z-score units for
WAZ, height-for-age z-scoreand WHZ,respectively.

At the end of the study, 81% of the participants still
had WAZ <-2.0.

Discussion

This study was conducted to learn about patterns of
home FS use for underweight young children and
how its use modified other complementary feeding
patterns.Onaverage,childreninthisstudyhadbreast
milk 11 times, nsima one time, porridge one or two
times, and snacks three times per day. When FS was
addedtothediet,itwasfed tothe children about two
times per day;, each serving was 15-20g (1
teaspoon =7 g). FS was first used mainly alone as a
between-mealsnack,butwasthenintegratedintothe
usual feeding pattern by being mixed with porridge.
The use of FS did not affect the number of times the
child was fed per day, the number or duration of
breastfeeds, or the amount of caregiver time spent
feeding.

Amongthe Yaopeopleandinother culturesin the
region, porridge is a food that caregivers cook specif-
ically for young children until they are old enough to
participate in family meals (Cosminsky ez al. 1993;
Mabilia 1996; Hotz & Gibson2001). The importance
of porridge as a ‘baby food’ may explain why caregiv-
ers rarely used FS to replace meals, and why the
number of meals and breastfeeds a child had per day
did not decrease when FS was introduced. Because
caregivers did not see FS as a replacement for por-
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ridge, mixing FS with porridge during regular meals,
rather than serving FS alone as a snack, minimized
the time they spent feeding the child FS. This strategy
meant that the use of supplementary FS did not add
tothe mean time per day caregivers spent feeding the
children.

Observations and discussions with caregivers indi-
cated that the difference in the amount of FS wasted
when mixed with porridge vs. plain was related to
caregivers’ divergent approaches to FS used in these
two ways. Caregivers typically offered plain porridge
or porridge mixed with FS until the child rejected it
or appeared full, and some porridge often remained
inthebowlattheendofafeedingsession. Incontrast,
when FS was fed alone, caregivers usually fedit to the
children until the supplement they offered was fin-
ished. They rarely returned leftover plain FS to the
jar or fed it to another family member.

A number of other studies have investigated child
feeding with a similar observational methodology to
that used here; however, all of these focused only on
complementary feeding (Bentley et al. 1991; Brown
etal. 1992; Guldan et al. 1993; Izurieta & Larson-
Brown 1995; Engle & Zeitlin 1996; Gittelsohn et al.
1997). Supplementary feeding studies either collect
no data on breastfeeding and food intake, or obtain
such information through 24-h recalls. Single or
widely spaced recalls are not likely to be as reliable
asmultiple observationsin providinginformation on
what was actually eaten during the entire supplemen-
tation period. In addition, such studies have seldom
looked at wastage of supplement, or have measured
it only when the supplement is supplied at a central
location or by a field assistant. We could not identify
anypublisheddataontimespentfeedingsupplement.

Our study results agree with findings from Colom-
bia (Mora et al. 1981) that breastfeeding frequency
remains the same during supplementation, but con-
trastwithdatafromIndia(Bhandari et al.2001)show-
ingadecrease. Both of these studies, as well as astudy
in Jamaica (Walker et al. 1991), found that energy
intake fromregular foods wasless during supplemen-
tation, whereas data collected from 3- to 4-year-old
Malawian children supplemented with FS showed
thatenergyintake fromregular foods wasunchanged
on average (Maleta et al. 2004). Our study did not

attempt to calculate energy intake, but showed that
the number of regular food episodes remained the
same before and during supplementation.

The differences between existing studies and ours
regarding breastfeeding frequency and regular food
consumption during supplementation are probably
due to the way in which people from different cul-
tures adopt a supplementary food into child feeding
patterns and the type of supplementary food that was
provided. If the supplement is similar to foods chil-
dren are typically fed (e.g. cereal-based food), it is
more likely that it will be used in place of regular
meals, whereas a supplement like FS may be added
to cereals to make an ‘improved’ food or may be
given as a snack. This theory is supported by data
from our research group and from a study in Gambia
thatcomparedsupplementation with FStomaize-soy
porridge and high-fat to high-carbohydrate supple-
ments, respectively (Krahenbuhl ez al. 1998; Maleta
et al. 2004).

Because FS easily becomes part of the feeding rou-
tine, does not replace other foods and does not take
extracaregiver time, we believe it could be integrated
intocommunity-basednutritioninterventionsinrural
Malawi. The amount of FS wasted when it is mixed
with porridge might,however,reduce the population
impactofanyintervention. Tolimit wastage,caregiv-
ers should be advised to offer FS plain or to mix it
with a small quantity of porridge that the child can
finish. Other issues, such as the means of identifying
appropriate children to receive FS, mode of delivery
of FS, and cost of the supplement, should be investi-
gated before undertaking large-scale interventions
using this product.
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LETTER-TO-THE-EDITOR

Intake of Lipid-based Nutrient Supplements during
lliness and Convalescence among Moderately-
underweight Malawian Children

Sir,

The effect of infections and other illnesses on the
nutritional status of a child depends on the type
and severity of the illness, initial nutritional status
of the individual, and food intake during illness
and convalescence (1). In practice, illnesses in chil-
dren are often associated with reduced appetite and
decreased food intake (2,3). Although short-term
nutritional losses can be overcome (4), illnesses pre-
dispose children in resource-poor settings to weight
loss and development of malnutrition (2).

Lipid-based nutrient supplements (LNS) are ready-
to-use foods that have been used for treating chil-
dren with severe acute malnutrition and for pre-
venting malnutrition and linear growth failure
(5,6). Because of their high energy and nutrient
content, LNS could be used for supplementation
during and soon after illness to mitigate the impact
of illness-associated anorexia on the nutritional
status of children. To date, little is known about
the acceptability of LNS during and after common
childhood illnesses. This longitudinal study pro-
vides preliminary comparative information on
LNS intake by children on ill, convalescent and
healthy days.

The study was conducted around Lungwena and
Malindji, a rural area in southern Malawi.

Subjects were 16 moderately-underweight (weight-
for-age z-score <-2) children aged 6-17 months par-
ticipating in a study on the incorporation of LNS
into home diets. Details of the selection criteria are
published elsewhere (7).

During the 12 weeks of supplementation, research
assistants delivered three 250-g plastic jars of LNS to
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homes of the participants fortnightly. They visited
the study families five evenings per week to weigh
LNS jars and used a semi-structured questionnaire
to obtain information on child morbidity. Caregiv-
ers were advised to feed the child seven teaspoons
(=50 g) of LNS per day. The LNS, produced in Blan-
tyre, Malawi, was made of peanut butter, milk pow-
der, sugar, oil, and vitamin/mineral mix.

The analysis initially compared LNS intake on days
when children were reported to be ill versus not
ill. The categories ‘il and ‘not ill’ were then fur-
ther subdivided. Mutually-exclusive groups were
developed to categorize illnesses: fever was given
the first priority in forming the groups, followed
by diarrhoea, as these have the largest effect on
food intake of children (2,3). Fever was defined
as fever only or in combination with any other
symptom; diarrhoea was defined as diarrhoea only
or in combination with any symptom other than
fever; cough was defined as cough only or cough
together with ‘other’ illnesses; and ‘other’ illnesses
contained only symptoms in the ‘other’ category,
including sores, pus from ears, vomiting, and pro-
longed crying.

Days when children were reported ‘not ill’ were
coded into three categories: early convalescence
(day 1-7 following illness), late convalescence (day
8-14 following illness), and healthy (other days).
Convalescent days were coded starting from the
first day the child was not reported to be ill and
continuing until the next reported illness (if any).
The first days of data collection were omitted for
children who were reported to be ‘not ill’ either un-
til they were reported to be ill or until the eighth
day, at which point they were counted as healthy.
When no information was available, the health sta-
tus of the child was assumed to be identical to the
first day when data were available again.

Linear regression analysis was used for calculating
the mean LNS intake and to test for the difference
in LNS intake on ‘il versus ‘not ill’ days. Means
and confidence intervals for LNS intake were ad-
justed for within-subject correlation by the Huber-
White robust standard error.
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At enrollment, the mean (standard deviation [SD])
age of the participants was 13 (3) months, the
mean (SD) weight-for-age z-score was -2.6 (0.3),
the height-for-age z-score was -1.8 (0.7), and the
weight-for-height z-score was -1.2 (0.9). The chil-
dren lived in households with a mean (SD) of 5 (2)
members, and their median birth-order was 3.

Data were collected from all the 16 participants
during the first eight weeks that LNS was provided.
One child moved away after the eighth week, and
the remaining children provided information dur-
ing the final four weeks of follow-up. In total, 845
days of data were collected (63% of the days when
LNS was available). Thirteen (1.5%) of these days
were excluded from the analysis because the daily
measurements were suggestive of food-sharing
(LNS use >150 g/day).

[llness was reported on 142 (17%) days. Of these
days, 57 (40%) were classified as fever, 30 (21%) as
diarrhoea, 44 (31%) as cough, and 11 (8%) as other
illness days. Fifteen children were ill on at least one
day; the child who moved away during the study
had no reported illness.

The mean LNS intake was 43.4 g (=230 kcal)
on ‘ill’ and 50.6 g (=268 kcal) on ‘not ill’ days
(difference=7.2 g, 95% CI 0.6-13.8 g, p<0.034). The
mean consumption of LNS for different types of ill-
ness is shown in the table. Compared to days when
children were not reported ill, the mean daily LNS
intake was 14% (=38 kcal) lower on ill days, ranging
from <1% (=2 kcal) on ‘other’ illness days to 25%
(=65 kcal) on fever days. On an individual level, 12
of 15 participants had a higher mean LNS intake on
days when they were not reported to be ill than on
those when they were.

Of the 690 days when children were reported to
be ‘not ill’, 32 days were omitted from the analysis
of convalescent and healthy days because the tim-
ing of the last illness before the study began was
unknown. During a two-week period of convales-
cence from illness, consumption of LNS was similar
to the mean for healthy days (Table).

Findings of this preliminary study suggest that
young children readily eat LNS during illness and
convalescence. The accuracy of measuring child
illness and the use of supplementary food are two
possible limitations of the study, but these are un-
likely to affect the internal validity of or the general
picture obtained from these data. Maternal reports
of child illness in low-income countries have been
validated, even for two-week periods (8). This study
minimized caregiver’s recall bias by asking about a
24-hour period. Some food-sharing may have oc-
curred within households. However, the pattern of
lower LNS intake during illness, with a larger reduc-
tion in intake during fever, is similar to the pattern
of food intake found in other studies of sick chil-
dren (2,3) and suggests that most of supplement
was consumed by the intended beneficiaries.

The World Health Organization recommends that
caregivers continue to feed children during illness
and increase intake thereafter (9). Identifying foods
or supplements, such as LNS, that underweight chil-
dren accept when they are ill or recovering and that
are easy to use, may help caregivers follow feeding
recommendations and prevent a worsening of the
nutritional status of children (1,2). The results of this
small pilot study suggest that LNS is well-accepted
by ill and convalescing children and, as such, might
offer the possibility for short-term feeding interven-

Table. Quantity of LNS consumed daily by health status
Health status Mean (g) 95% CI 1st quartile 3™ quartile
Days when reported ill
Fever (n=10) 38.2 26.8, 49.6 20.0 52.5
Diarrhoea (n=9) 45.6 33.6,57.6 29.8 64.0
Cough (n=11) 47.0 37.8,56.2 27.5 58.8
Other (n=6) 50.5 35.1,65.8 36.0 76.0
Days when reported not ill
Early convalescence (n=15)
(1-7 day(s) after illness) 50.4 46.8, 54.1 29.0 65.0
Late convalescence (n=150
(8-14 days after illness) 52.3 49.1, 55.5 34.0 69.3
Healthy (n=16)
(>14 days after illness) 49.6 47.1,52.0 31.0 64.5
Cl=Confidence Interval; LNS=Lipid-based nutrient supplement
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tions. This hypothesis could be tested in a random-
ized trial where young children are allocated to re-
ceive supplementary LNS regularly over a defined
age-range or as 2-3-week auxiliary treatment during
and after acute illnesses.
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The efficacy of lipid-based nutrient supplements (LNS) versus corn-soy blend (CSB) in promoting the
growth of moderately malnourished children is currently being tested, but information about maternal
attitudes towards the two supplements is lacking. This research studied 504 Malawian mothers’
attitudes about LNS and CSB through exit interviews completed at the end of three 12-week clinical trials
and compared differences between the groups. Exploratory analyses of factors associated with
withholding of supplements during fever, diarrhea, and cough were performed using logistic regression.
Mothers generally had similar, positive attitudes towards LNS and CSB. Both supplements were said to be
highly acceptable, children learned to eat them within two weeks, and mothers were willing to use them
again. Mothers in the LNS group were reportedly more likely to withhold supplements from their
children during cough, due to its sweetness, and were willing to pay more for a one-week supply of
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Underweight supplement than mothers in the CSB group. Maternal literacy was negatively and child’s weight-for-

Children height z-score was positively associated with withholding of supplements during illness. Our results

Africa indicate that the sweetness in LNS should be reduced, and programs using supplements in Malawi could
include advice on appropriate feeding of supplements during illness.

© 2009 Elsevier Ltd. All rights reserved.

Introduction et al., 2001; Dewey & Adu-Afarwuah, 2008; Lartey, Manu, Brown,

Moderate malnutrition affects a large number of children
younger than five years in low-income countries (United Nations
Children’s Fund, 2008), and contributes to child mortality and
disease burden (Black et al., 2008). It is also associated with
increased morbidity (Mata, Kromal, Urrutia, & Garcia, 1977;
Scrimshaw & SanGiovanni, 1997), and if left untreated may
progress to severe acute malnutrition. Supplementary feeding
programs to treat moderately malnourished children have existed
for decades, and have typically used micronutrient-fortified corn-
soy blend (CSB) (Dijkhuizen, 2000; Hoppe et al., 2008). Similar
types of fortified cereal or cereal/legume mixtures tested in Africa
and Asia have had inconsistent effects on child growth (Bhandari
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Peerson, & Dewey, 1999; Oelofse et al., 2003; Owino et al., 2007).

Lipid-based nutrient supplements (LNS) are ready-to-use foods
that are attractive food supplements for malnourished children
because they can supply adequate nutrients in a hygienic form that
requires no cooking (Briend, 2002). LNS are effective for treating
severe acute malnutrition in children at home (Manary, Ndekha,
Ashorn, Maleta, & Briend, 2004; World Health Organization/World
Food Programme/United Nations System Standing Committee on
Nutrition/The United Nations Children’s Fund, 2007), and some
evidence that LNS improves the growth of moderately malnour-
ished children is now available (Adu-Afarwuah et al., 2007;
Matilsky, Maleta, Castleman, & Manary, 2009; Phuka et al., 2008).
There is strong interest in the international community in the
possibility of using LNS for the prevention and treatment of
moderate malnutrition in children (The PLoS Medicine Editors,
2008). Large trials comparing different versions of LNS to CSB or
other supplements in this target group are underway, but
information about similarities or differences in maternal attitudes
towards the two foods is lacking.
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Because mothers often have the main responsibility for feeding
young children, data on maternal attitudes towards a new food for
children are essential for designing interventions to incorporate it
into a particular social and cultural setting (Bentley et al., 1991;
Kanashiro et al., 1991). No published data on maternal attitudes
towards CSB are available. Maternal attitudes towards LNS have
been reported in only one study, which found that mothers had
similar and generally positive attitudes towards LNS and two non-
food micronutrient supplements (Adu-Afarwuah et al., 2008).
Additional information on maternal attitudes towards LNS is
needed from different locations and as compared to another food-
based supplement, like CSB. An understanding of the reasons or
factors underlying maternal attitudes towards supplements may
also be helpful to programs.

The main aim of this study was to determine if maternal
attitudes towards a new supplementary food (LNS) were similar to
those of a well-known and widely available supplement (CSB). As a
secondary focus, this research identified predictors of particular
maternal attitudes, especially use of supplements during illness.

Methods
Study area and timing

The data used in this paper were taken from three community-
based clinical trials conducted in the rural areas around seven
health centers in Mangochi district, southern Malawi. The total
population of the catchment areas covered by the health centers
was approximately 215,000. The people living in the area are
subsistence farmers and fisherman, mainly from the Yao ethnic
group. The studies took place during the following periods: Study 1
(March-July 2005); Study 2 (January-May 2007); and Study 3
(November 2007-April 2008). The primary results of Study 1 have
been published (Phuka et al., 2009) and those of Studies 2 and 3 are
currently being analyzed.

Eligibility, enrollment, and randomization of participants

The eligibility criteria for the three studies were the same.
Inclusion criteria were as follows: 6-14 months of age; weight-for-
age z-score (WAZ) <—2.0; guardian-signed informed consent; and
residence in the area throughout the study period. Because the age
of greatest growth faltering in the target population is 6-18
months of age, participants were selected so that they completed
the study before they reached the upper limit of this age range.
Children were excluded if they had weight-for-height z-score
(WHZ) <-3.0, presence of edema, severe illness warranting
hospital referral on the day of enrollment, peanut allergy, or if
they were already participating in another clinical trial. Details of
the processes for enrolling and randomizing participants in Study 1
have been reported elsewhere (Phuka et al., 2009), and similar
processes were used in Studies 2 and 3.

Interventions and follow-up

In all three studies, the follow-up period was 12 weeks and
participants received one of the two food supplements - CSB or
LNS - or they received no supplements (controls). Because the
present paper is focused on maternal attitudes towards supple-
ment use, controls were not included.

CSB was packed in 500 g bags (supplied by Rab Processors,
Blantyre, Malawi) and contained corn and soy flours, sugar, and
micronutrients. LNS was packed in 50 g foil packets (produced by
Nutriset, Malaunay, France) in Study 1 and in 300 g plastic jars
(produced by Project Peanut Butter, Blantyre, Malawi) in Studies 2
and 3. LNS contained peanut butter, milk powder, cooking oil,

sugar, and micronutrients. The nutrient composition of the CSB and
LNS used in these studies can be found in Phuka et al. (2009).

In Study 1, participants received either 71 g/day (282 kcal) of
CSB or 50 g/day (256 kcal) of LNS. In Studies 2 and 3, there were
three intervention groups: no supplement (controls), 71 g/day CSB,
and 43 g/day (220kcal) LNS. The quantities of supplements
participants received were selected so that the caloric value of
the two supplements was roughly comparable and the logistics of
supplying supplements was simple (e.g., 1 bag of CSB or 1 jar of LNS
per week). Supplements were delivered to participants’ homes
weekly in Studies 1 and 2, whereas participants in Study 3 obtained
their supplements from the health center monthly. During weekly
home visits in Study 1, mothers in both study groups reported that
supplements were shared <1% of the time and 4.9% of CSB and 6.5%
of LNS had not been consumed (Phuka et al., 2009).

CSB must be cooked as porridge, but mothers could choose
whether to feed the child LNS plain or mixed with porridge.
Mothers were provided with spoons. In Study 1, they were advised
to give their child either porridge containing 12 spoons of CSB or 1
packet of LNS per day. In Studies 2 and 3, they were told to give
their child porridge containing 4-5 spoons of CSB or 2-3 spoons of
LNS 2-3 times per day. All mothers were encouraged to continue
breastfeeding on demand.

Sample size

Sample sizes for the individual studies were calculated based on
comparison of weight gain between intervention groups. Pooling
exit interviews from three trials (n =250 per supplementation
group), the present study has a precision level (width of 95%
confidence interval) of +6% for estimation of proportions in each
supplementation group for binary variables, such as those used in the
main analysis, that have maximum variability. Precision is higher for
less evenly distributed binary variables.

Data collection and processing

The exit interview used in these three studies was originally
developed for a pilot study in which caregivers of 16 children who
had received LNS for 12 weeks were asked open-ended questions
during tape-recorded interviews. These questions were then
modified into a semi-structured questionnaire that was adminis-
tered by research assistants to caregivers at their homes at the end
of Study 1. Following the completion of Study 1, a few questions
were slightly modified and some questions were dropped to
produce the questionnaire that was used in Studies 2 and 3. In this
paper, only those questions that were the same or similar in all
studies were analyzed.

The exit interview questionnaire contained both open- and
closed-ended questions. Closed-ended questions were asked about
whether supplements were food or medicine; whether supple-
ments should be given during fever, diarrhea, or cough; how easy
or difficult it was for the child to eat the supplement; willingness to
use supplements again; and willingness to buy supplements.
Responses to these questions were dichotomized either by
dropping the ‘don’t know’ category or by dividing a 5-point scale
so that the two highest categories (e.g., very and somewhat
willing) were placed in one group and the other three categories
(e.g., neutral, somewhat and very unwilling) were combined in a
second group. Open-ended questions were used to assess: positive
aspects of supplements; aspects of supplements mothers disliked;
changes noticed in the child; how long it took the child to adapt to
eating the supplement; the most convenient place to obtain
supplements; possible frequency of travel to health center to
obtain supplements; reasons why supplements are food or
medicine; and reasons why mothers would or would not give



V.L. Flax et al./Appetite 53 (2009) 195-202 197

supplements during illness. One author (VF), who was blinded to
the type of supplement assigned to participants, coded responses
to open-ended questions using content analysis to identify themes.
Each theme for a given attitude was reviewed to determine
whether the content or intensity differed between the CSB and LNS
groups, and proportions of all themes for each open-ended
question were calculated by study group. Due to the similar
content and proportions of themes in both groups, for the main
analysis, responses were then dichotomized so that the largest
response category or a cluster of related responses represented the
mothers’ main attitude regarding a particular issue and other
responses were combined to form a second category. For example,
on the question about changes noticed in the child, responses
describing positive changes formed the main category and neutral
or negative responses were combined into a second category.

A description of the methods used to obtain anthropometric
data for Study 1 is provided in Phuka et al. (2009); similar methods
were used in the other two studies. Briefly, weight, height, and
mid-upper arm circumference were measured by a researcher (JP)
blinded to the participants’ study allocation. Anthropometric
indices (weight-for-age z-score, height-for-age z-score, and
weight-for-height z-score) were calculated using the CDC 2000
growth reference. In all studies, background information on the
participants’ families, including family assets and maternal
literacy, was obtained through questionnaires administered by
research assistants during the first visit to the health center.

Data analysis

The data were entered to a Microsoft Access database and
analyzed using Stata (version 9.2). For the primary analysis,
responses to all questions were placed in two categories and
proportions for each food group were obtained. The difference
between the proportions and its 95% confidence limit and p-value
were then calculated. p-values were obtained with Fisher’s exact
test. After excluding ‘don’t know’ replies, numerical responses
(from about 91% of participants) to an open-ended question about
how much mothers are willing to pay for a one-week supply of
supplement were used to calculate the mean price per study group
and the difference was tested using t-test.

Secondary, exploratory analyses were conducted to gain an
understanding of possible factors underlying specific maternal
attitudes. Multiple logistic regression models were constructed to
detect associations between health and socioeconomic factors
selected a priori and mothers’ perception of the supplement as food
not medicine as well as maternal reports of withholding the
supplement during fever, diarrhea, and cough. The type of
supplement was included in the models to control for differences
between study groups. An asset index was created based on a set of
assets by using principal components analysis to assess long-term
economic welfare in households of participating children (Filmer &
Pritchet, 2001). The asset index, child’s age at the start of the study,
and child’s weight-for-height z-score (WHZ) at the start of the
study were included in the models as continuous explanatory
variables. WHZ was chosen because it indicates the level of the
child’s thinness or wasting, which mothers can easily identify.
Maternal literacy represented whether or not mothers could write
their names and was entered in the models as a binary variable. In a
sub-sample with known maternal age (n = 234), maternal age had
no association with belief that the supplement was food (p = 0.159)
or with withholding the supplement during fever (p=0.820),
diarrhea (p = 0.405), or cough (p = 0.809), and was excluded in the
models so that the full sample could be used. The correlations
between the regression coefficients for each of the final models
were examined and none of the predictors were found to be
strongly correlated with one another.

Ethics

Ethical approval for these studies was obtained from the College
of Medicine Research and Ethics Committee at the University of
Malawi and from the Ethical Committee of the Pirkanmaa Hospital
District in Finland. Details of the protocols were provided to the
clinical trials registry of the National Library of Medicine, Bethesda,
MD, USA (http://www.clinicaltrials.gov, trial identification num-
bers NCT00131222, NCT00420368, NCT00420758).

Results
Background characteristics

In total, 1278 children were invited to the enrollment session,
667 individuals met the inclusion criteria, and 522 of these were
randomized to the CSB and LNS groups (Fig. 1). Of the 506
participants who completed the follow-up, exit interviews were
obtained from 504 (CSB 255, LNS 249). There were no significant
differences in the socioeconomic and demographic characteristics
of the two study groups (Table 1).

Maternal attitudes towards supplements

To check for errors in recording open-ended responses given in
the local language onto data collection forms in English, we
compared the open-ended responses in this large sample to those
from tape-recorded exit interviews in our pilot study. We found no
differences in the main themes and types of responses.

Overall, most maternal attitudes about CSB and LNS were quite
similar (Table 2), as were the tone and content of their replies to
open-ended questions. Consequently, quotes from open-ended
questions are used here only to illustrate differences between the
groups or clarify possible programmatic issues. Key themes from
open-ended questions and the proportion of participants who
provided these responses in each study group are reported in the
text below.

The majority of mothers in both groups described positive
aspects of the supplement, said there was nothing they disliked
about the supplement, and noticed positive changes in the child at
the end of the study (Table 2). When mothers in both groups were
asked about the positive aspects of supplements, they most
frequently mentioned that the child liked the sweetness of the
food (CSB 32%, LNS 34%), that the supplement improved the child’s
health or growth (CSB 17%, LNS 19%), or that the child liked eating the
supplement (CSB 16%, LNS 15%). A small proportion of mothers in
each group (12%) named something they disliked about the
supplements. They most frequently said there were problems with
the contents or preparation of supplements. The types of problems

Table 1
Selected demographic and socioeconomic characteristics of participants who
completed the exit interviews, by group.

Characteristics Study group

CSB LNS

Number (%) of participants 255 (51%) 249 (49%)
Number (%) of males 134 (53%) 120 (48%)
Mean (SD) age at start of study (months) 11.3 (2.7) 11.0 (2.6)
Mean (SD) number of family members 4.8 (1.8) 46 (1.8)
Number (%) of mothers who are literate 72 (28%) 87 (35%)
Housing materials

Burned brick 43 (17%) 42 (17%)

Unburned brick 177 (69%) 173 (69%)

Other (less expensive than bricks) 35 (14%) 34 (14%)
Mean (SD) weight-for-height z-score at start of study -1.1 (0.9) -1.2 (0.9)
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Screened
4672

Age>15 months
836

WAZ>-1.80
2508

Invited to enrollment visit

Completed follow-up
255

Completed exit interviews
255

1278
Didn’t show up
151
Refused
19
Didn’t meet enroll. criteria
441
Randomized to Control
145
Randomized to CSB Randomized to LNS
262 260
Deaths Deaths
5 4
Drop-outs Drop-outs
2 5

Completed follow-up
251

Completed exit interviews
249

Fig. 1. Profile of the three studies. CSB, corn-soy blend; LNS, lipid-based nutrient supplements.

described differed between the groups. Mothers in the CSB group
who disliked something about the supplement raised issues such as
CSB does not have enough sugar or it is difficult to cook, whereas
mothers in the LNS group most often said that LNS contained too

much sugar or they disliked the taste of the cooking oil in it. Changes
mothers noticed in their child at the end of the intervention
included: the child looked healthier (CSB 51%, LNS 59%), had gained
weight (CSB 29%, LNS 22%), or got sick less often (CSB 10%, LNS 8%).

Table 2
Maternal attitudes towards supplements, by study group®.
Maternal attitudes CSB LNS Difference between groups (95% CI) p-value
Percentage of mothers who reported”
Supplement had positive aspects 97% 97% 0% (—3%, 3%) 0.800
Supplement did not have negative aspects 87% 88% 1% (—5%, 6%) 0.783
There were positive changes in child after feeding supplement for 12 weeks 92% 93% 1% (—4%, 5%) 0.863
It was easy for child to eat supplement compared to usual foods (acceptability) 95% 93% —2% (—6%, 3%) 0.469
Child learned to eat supplement within the first two weeks 86% 85% —1% (—8%, 5%) 0.690
Supplement is food rather than medicine 70% 69% —1% (—9%, 7%) 0.845
Supplement should NOT be given to child during
Fever 23% 22% —1% (—9%, 6%) 0.828
Diarrhea 19% 25% 6% (—1%, 14%) 0.101
Cough 25% 38% 13% (5%, 21%) 0.002
They are willing to use supplement again if provided for free 96% 94% —2% (—6%, 2%) 0.310
They are willing to travel to health center for free supplement 99% 98% —1% (—3%, 1%) 0.278
They are willing to buy supplement if for sale 96% 94% —2% (—6%, 2%) 0.292
Health center is the most convenient place to buy supplement 56% 52% —4% (—13%, 5%) 0.402
Price evaluation®
Mean (SD) amount willing to pay (in Malawian kwacha) for one week of supplement 42 (35) 53 (48) 11 (3, 19) 0.011

2 CSB, micronutrient-fortified corn-soy blend; LNS, lipid-based nutrient supplements.

b Responses to all questions were dichotomized and ‘don’t know’ responses were excluded from the analysis. p-value for difference in proportions by Fisher’s exact test.

¢ p-value for difference between means obtained by t-test, non-numeric responses were excluded from the analysis. The average exchange rate during the studies was 136
Malawian kwacha = 1 US$. 2007 GDP per capita = 36,800 Malawian kwacha (IMF World Economic Outlook Database, http://www.imf.org).
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Most mothers in both food groups said that it was easy for the
child to eat the supplement as compared to usual food. The
majority also reported that the child learned to eat the supplement
during the first two weeks of the study (Table 2), including those
who found it easy to eat the supplement from the beginning of the
study period (CSB 62%, LNS 59%) and children for whom it became
easier during the first or second week of the study (CSB 24%, LNS
26%). Among those who had difficulty adapting to eating the
supplement, different reasons emerged. Some children took longer
to learn the new taste and a few never learned, others got used to
eating the study food only when they recovered from initial
illnesses, while still others were described as being poor eaters. The
following quotes highlight these issues:

“During the first three weeks, he refused to eat it and I was
forcing him. After that, he ate it well until the end of the study.”
(CSB)

“She started eating it well during the second month of the
study, when she was not suffering from cough, fever, and
diarrhea anymore.” (CSB)

“Since she was born, she was reluctant to eat any kind of food. It
was the same with LNS.” (LNS)

The majority of mothers in both groups said that the
supplement is food, not medicine (Table 2). Among mothers
who considered the supplement to be food, the main reasons were
that it was edible and satisfied the child’s hunger (CSB 47%, LNS
49%), it looked like food or contained ingredients that are food (CSB
33%, LNS 26%), or it improved the child’s health (CSB 11%, LNS 9%).
Like the latter group of mothers who said that the supplement is
food, mothers who said that the supplement is medicine also
believed it was so because it improved the child’s health, either by
helping the child’s nutritional status or by curing or preventing
illness (CSB 68%, LNS 79%). Most mothers did not name a specific
illness that could be prevented or cured by the supplement, but a
few mentioned that their child’s diarrhea stopped after starting to
eat the supplement. Mothers who said that the supplement is
medicine appeared to recognize that it is food but think that it
contains medicine or to believe that it has aspects of both food and
medicine. Excerpts from mothers’ responses illustrate these
opinions:

“In this food there are substances that I believe are medicine.”
(LNS)

“[It is medicine] because there is a mixture of vitamins in the
porridge.” (CSB)

“At first my child was sick, but now she is fine. That is why it is
medicine. It is also food because it gives my child energy.” (LNS)

When asked about feeding the supplement to the child during
illness, a significantly greater proportion of mothers whose child
received LNS than CSB stated that they would withhold the
supplement when the child had a cough (Table 2). Although the
difference was not significant, a larger proportion of mothers in the
LNS than CSB group also said they would not give the supplement
during diarrhea, while similar proportions of mothers in both
groups reported withholding of supplements during fever. Among
mothers who would withhold supplements during illness, the
reasons were similar in the two study groups. Loss of appetite was
named as a reason for withholding of supplements during fever
(CSB 81%, LNS 80%), diarrhea (CSB 56%, LNS 51%), and cough (CSB
27%, LNS 28%). In both groups, mothers who said they would
withhold the supplement during cough stated that the sugar in the
supplement made the cough worse and/or caused vomiting (CSB
73%, LNS 72%). A mother whose child received LNS explained, “It is

not good because this food has a lot of sugar, which can cause high
cough that results in the child vomiting.” Some mothers stated that
they would not give the supplement during diarrhea because it
makes diarrhea worse or causes vomiting (CSB 23%, LNS 24%).
Mothers in the LNS group mentioned more serious effects of the
supplement when used during diarrhea than those in the CSB
group, and there was a larger proportion of mothers in the LNS
group who said they would not give the supplement during
diarrhea because they believed or suspected it caused the diarrhea
(CSB 3%, LNS 16%). A mother whose child received LNS gave a
typical explanation for this group, “It is not good because it makes
the child have fast diarrhea that doesn’t stop.” In contrast, mothers
whose children had CSB generally said that the child vomits if
given CSB during diarrhea or that “the diarrhea might continue.”

Nearly all mothers in both groups stated that if supplements
were provided for free they would be willing to use supplements
again and to travel to the health center to get them (Table 2).
Approximately three-quarters of the mothers reported they could
go to the health center to pick up supplements at least once per
month (CSB 74%, LNS 72%). When asked who or what would
facilitate their going to the health center for free supplements,
most mothers mentioned transportation issues: either they could
go to the health center by foot because it was nearby (CSB 40%, LNS
31%) or they would need a bicycle or money for transport because
the distance was too far (CSB 20%, LNS 27%). About half of the
mothers in both groups stated that the most convenient place to
buy supplements was the health center (Table 2), other commonly
mentioned locations were markets or groceries (CSB 16%, LNS 21%)
or in the village (CSB 10%, LNS 11%).

Of the mothers who gave numerical replies (405/446 = 91%)
when asked how much they were willing to pay for a one-week
supply of the supplement, the mean price mothers in the LNS group
were willing to pay was higher than that of the CSB group (Table 2).
The prices suggested by mothers ranged from 5 to 200 kwacha in
both study groups. The median prices were 40 and 50 kwacha in
the CSB and LNS groups, respectively, and the interquartile range
was the same in both groups (20, 50 kwacha). Proportions of
different types of non-numeric responses to the price question
were similar between the groups (willing to pay (CSB 8%, LNS 8%),
cannot buy it (CSB 1%, LNS 2%)).

The majority of mothers in both groups (CSB 88%, LNS 85%) said
that they controlled the use of the supplement in their family (not
shown in table). When mothers discussed the supplement with
someone else, they most frequently talked about it with their
husbands (CSB 49%, LNS 56%) or their own mothers (CSB 25%, LNS
17%).

Factors associated with specific maternal attitudes

Exploratory analyses were carried out to determine if selected
maternal, child, and socioeconomic factors were associated with
the maternal belief that the supplement is food, not medicine and
with mothers’ reports that they would withhold the supplement if
the child has fever, diarrhea, or cough. Several factors were
entered at one time into separate logistic regressions models for
each of these maternal attitudes. Child’s age at the start of the
study, child’s WHZ score at the start of the study, maternal
literacy, and socioeconomic status (using an asset index) were not
associated with mother’s belief that the supplement is food
(Table 3).In models for mothers’ reports that they would withhold
the supplement during illness, use of LNS was positively
associated with withholding during cough and less strongly
associated with diarrhea (Table 3). Maternal literacy was
negatively associated while the child’s WHZ at the start of the
study was positively associated with withholding during fever,
diarrhea, and cough.
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Table 3

V.L. Flax et al./Appetite 53 (2009) 195-202

Multivariable logistic regression analyses of factors associated with mothers’ beliefs about supplements and their practices related to supplement use during child illness.

Predictor variables 0Odds ratio (95% CI)

Mothers believe
supplement is

food not medicine if child has fever

Mothers report they would
withhold supplement

Mothers report they would
withhold supplement
if child has diarrhea

Mothers report they would
withhold supplement
if child has cough

Participation in LNS group
Child’s age at start of study
Child’s WHZ at start of study
Maternal literacy

Asset index

0.94 (0.64, 1.38)
1.01 (0.93, 1.08)
0.89 (0.71, 1.11)
1.18 (0.77, 1.80)
1.07 (0.92, 1.24)

1.01 (0.66, 1.57)
1.00 (0.92, 1.08)
1.31 (1.02, 1.68)'
0.46 (0.28, 0.78)"
0.98 (0.83, 1.16)

1.53 (0.97, 2.38)"
0.94 (0.86, 1.02)
1.39 (1.08, 1.79)"
0.55 (0.33, 0.92)"
1.07 (0.90, 1.27)

2.03 (1.36, 3.05)¢
1.02 (0.95, 1.11)
1.39 (1.10, 1.74)!
0.54 (0.34, 0.85)*
0.99 (0.85, 1.16)

WHZ, weight-for-height z-score; Asset index is a proxy for socioeconomic status and was calculated using principal components analysis.

" p<0.10.
T p<0.05.
¥ p<0.01.

Discussion

The main aim of this research was to compare Malawian
mothers’ attitudes towards two types of food supplements for
moderately malnourished children. We found that mothers’
attitudes towards LNS and CSB were positive and quite similar.
Most mothers in both study groups reported that supplements
were highly acceptable, the child learned to eat the supplement
within two weeks, and they would be willing to buy supplements
and use them again. Mothers in the LNS group were reportedly
more likely to withhold supplements from their children during
cough and were willing to pay more for a one-week supply of the
supplement than mothers in the CSB group. The variability in
responses from both study groups regarding belief in supplements
as food versus medicine and withholding during illness was
greater than for other questions studied here. As such issues might
be of programmatic importance, we explored possible predictors of
these particular beliefs and practices. We were not able to identify
any significant predictors of mothers’ belief that supplements were
food, but we found that use of LNS was associated with the attitude
that the supplement should not be given during cough and less
strongly associated with diarrhea. In addition, child’s WHZ at the
start of the study was positively associated while maternal literacy
was negatively associated with withholding during fever, cough,
and diarrhea.

The main strengths of this study were a large total sample size
taken from randomized clinical trials with few drop-outs and the
use of CSB, a common supplement, as the comparison group.
Although we chose to present a summary of themes, illustrated
with quotes, rather than a detailed qualitative analysis, collecting
qualitative data on maternal attitudes towards supplements was
beneficial because we obtained culturally appropriate information
that helped explain responses to some of the closed-ended
questions.

This study had some limitations. Because our data were
collected at the end of intervention trials comparing the effects
of supplements on child growth, mothers used only one supple-
ment—either CSB or LNS. We cannot be certain that mothers’
attitudes towards the supplements would be similar if they had
had the opportunity to try them both before responding to the
questions (see Paul, Dickin, Ali, Monterrosa, & Stoltzfus, 2008).
Another possible limitation was the lack of data on other predictors
that might be important in the regression models, such as maternal
age and food security. Information on maternal age was available
for a sub-sample within our data set, but was not significantly
associated with the any of the outcomes and was excluded in the
final models to allow the use of the full sample. Although seasonal
differences in levels of food security are marked in Malawi (Maleta,
Virtanen, Espo, Kulmala, & Ashorn, 2003), data on food security
were not collected during these studies as each took place within a

short time period when the general level of food security would
have been similar for the participants. Given these possible
limitations and the exploratory nature of the regression analyses,
the models presented here should be interpreted cautiously, but
could provide preliminary evidence to guide future research.

The positive quality and similarity in attitudes found in this
study of LNS and CSB mirror results for LNS and two non-food
micronutrient supplements in Ghana (Adu-Afarwuah et al., 2008).
There were, however, a few important differences between the
study groups, and some issues that may be of programmatic
importance were identified. We found that the majority of mothers
believed that LNS and CSB were food, not medicine. In fact, some
mothers who said that the supplement was medicine explained
that it had aspects of both food and medicine or that it was food
that contained medicine, indicating that our closed-ended ques-
tion (Is the supplement food or medicine?) did not capture the
nuances of mothers’ perceptions. Similar types of problems have
been noted in other surveys in Malawi (Launiala, 2009), and this
may explain, in part, why we were not able to identify any
predictors of this belief in a regression model. The issue of whether
supplements are seen as food or medicine is important because it
may affect how they are used within households and could
influence whether they are shared. Supplementary feeding studies
have frequently dealt with food sharing either by controlling the
distribution and consumption of supplements or by providing
supplementary food to the whole family (Durnin, Aitchison,
Beckett, Husaini, & Pollitt, 2000; Krahenbuhl, Schutz, & Jequier,
1998; Manary et al., 2004; Owino et al., 2007; Rivera & Habicht,
2002; Simondon et al., 1996), but these methods are not feasible on
a population level. An alternative approach was taken in one study
in Malawi where mothers were told at enrollment that LNS and
CSB were medical treatments for their moderately wasted children
(Matilsky et al., 2009). While focusing on the “medicinal” qualities
of supplements might prevent sharing in a short trial, during
longer periods of supplementation it could have the unintended
consequence of making mothers think they can discontinue use
when their child no longer has symptoms or looks better, as has
occurred when other health-related products were marketed as
medicine (Bentley, 1988). Further research on Malawian mothers’
conceptions of the terms “food” and “medicine” is needed before
selecting the most appropriate approach for promoting supple-
ments, and other possible avenues for preventing supplement
sharing should be explored.

We have focused part of this research on the use of supplements
during illness because children in low-income countries are
frequently ill and illness is associated with child nutritional status
(Mata et al., 1977; Scrimshaw & SanGiovanni, 1997). The design of
our questionnaire did not allow us to determine whether use of
supplements during illness was a major concern for mothers.
However, the continued consumption of supplements could well
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be important for maintaining children’s nutrient intake during
illness (Brown, 2001), and, consequently, for programs promoting
supplements. In this study, mothers whose children received LNS
were about 1.5 and 2 times more likely than those who received
CSB to say that they would withhold the supplement during
diarrhea and cough. The differences between the study groups in
relation to diarrhea are probably explained by mothers’ opinions
about the stronger effect of LNS on diarrhea symptoms. The greater
likelihood of withholding LNS than CSB during cough was related
to its sweeter taste and to the belief that sweet food makes a cough
worse, suggesting that this version of LNS may be too sweet. This
conclusion should be considered in light of the finding that
sweetness was the most frequently mentioned positive aspect of
both supplements. Having some sugar in supplements is supported
by research showing that children have a preference for sweet food
from early in life (Kare & Beauchamp, 1985) and that mothers liked
the sweetness of a processed complementary food for their
children (Paul et al., 2008). Our results regarding sweetness of
supplements highlight the importance of listening to mothers’
opinions related to new foods for their children and balancing
positive and negative aspects to get a product that is acceptable
and likely to be used appropriately (Bentley et al., 1991; Kanashiro
et al,, 1991).

We identified several factors that are associated with mothers’
reports of withholding of supplements during illness, particularly
maternal literacy and child’s WHZ at the start of the study.
Maternal education is known to be associated with child feeding
and caring practices (Engle, Menon, & Haddad, 1997), such as more
frequent initiation of child feeding (Guldan et al., 1993) and a more
nurturing style of feeding (LeVine et al., 1991), which supports our
finding that literate mothers are less likely to withhold supple-
ments during illness. Our detection of an association between
child’s nutritional status and maternal feeding practices is
consistent with reports of preferential feeding of thin or poorly
growing children (Piwoz, Black, Lopez de Romana, de Kanashiro, &
Brown, 1994; Simondon & Simondon, 1995). Mothers’ feeding
behaviors, in general and during illness, might also be influenced
by the undesirability in Malawian cultures of having a child who is
too thin because it indicates that parents are not following
culturally prescribed rules of abstinence (Bezner Kerr, Dakishoni,
Shumba, Msachi, & Chirwa, 2008; Munthali, 2002).

In conclusion, this study found that mothers’ attitudes towards
a new type of supplementary food, LNS, are comparable to those
towards a widely used supplement, CSB, suggesting that mothers
of target children in this setting would likely be able to adopt LNS
and adapt to using it, if it replaced CSB in supplementary feeding
programs. Our results indicate that the sweetness in LNS should be
reduced to make it more acceptable for use during cough, and
future research and programs using supplements in Malawi could
include advice on appropriate feeding of supplements during
illness. Additional information on how the labeling of supplements
as food or medicine affects their long-term use is needed.
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patterns may influence the benefits achieved by supplementation. We studied feeding patterns and
behaviors in 170 underweight 6-17-month-olds who received either lipid-based nutrient supplements
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1. Introduction

Supplementary feeding programs for undernourished young
children in low-income countries have typically used micronutri-
ent-fortified cereal-legume mixtures, such as corn-soy blend (CSB)
(Hoppe et al., 2008). There is little or no evidence that CSB
promotes child growth, and results with other types of cereal or
cereal-legume blends have been inconsistent (Bhandari et al.,
2001; Lartey, Manu, Brown, Peerson, & Dewey, 1999; Dewey &
Adu-Afarwuah, 2008; Oelofse et al., 2003; Owino et al., 2007). A
new class of supplements for children, lipid-based nutrient
supplements (LNS), which contain dry food particles embedded
in edible fats, has been available for several years (Briend, 2002).
LNS are ready-to-use and have generally proven to be beneficial for
the home treatment of severely and moderately wasted children
(Ciliberto et al., 2005; Diop el, Dossou, Ndour, Briend, & Wade,
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2003; Manary, Ndekha, Ashorn, Maleta, & Briend, 2004; Matilsky
et al., 2009; Patel et al., 2005; Sandige, Ndekha, Briend, Ashorn, &
Manary, 2004). There is some evidence that LNS may be useful for
the prevention of childhood undernutrition (Adu-Afarwuah et al.,
2007; Phuka et al., 2008). Large trials studying the effects of LNS
compared to CSB or other supplements on child growth are on-
going, but little is known about how the two supplements affect
child feeding patterns or caregiver feeding behaviors. This type of
information is important because caring behaviors during feeding
can have an impact on the benefits that might be achieved by
supplementation.

Although several studies have described caring practices during
complementary feeding (Bentley, Stallings, Fukumoto, & Elder,
1991b; Dearden et al., 2009; Engle & Zeitlin, 1996; Gittelsohn et al.,
1998; Guldan et al., 1993; Moore, Akhter, & Aboud, 2006),
published research on behaviors related to use of supplements
is sparse. We previously conducted a study in Malawi to learn
about typical feeding patterns of 6-17-month-old children, the
integration of LNS into the pattern, and changes in supplement use
during a 12-week period (Flax et al., 2008). The study provided
descriptive information about home use of LNS, but its small
sample and lack of control group limited generalizations that could
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be made from the data. The present study took place within the
context of a supplementary food trial comparing the effects of LNS
and CSB on the growth of moderately to severely underweight
children. It used the same observational methods as the earlier
study, but had a larger sample and included corn-soy blend for
comparison.

The main aim of this study was to compare child food
consumption patterns and caregiver and child feeding behaviors
in the two study groups. We also examined behaviors related to the
use of plain LNS versus LNS mixed with porridge. The aspects of
feeding that we observed were based on the behavioral dimensions
of complementary feeding outlined in Pelto, Levitt, and Thairu
(2003), including how, when, and where food is fed and who is
feeding the child, and on specific issues, such as leakage, that might
influence the impact of supplementary feeding on growth. Our
secondary purpose was to test whether selected behaviors, such as
feeding frequency, hand washing before feeding episodes, and
presence of leftover supplements, were associated with the growth
of study participants.

2. Methods
2.1. Study area and timing

The present study was part of a trial testing the effects of
supplementation with either LNS or CSB on the growth of
underweight children. The trial took place from April to July
2005 in Mangochi district, southern Malawi, an area populated
mainly by subsistence farmers and fishermen from the Yao ethnic
group. The trial documented no statistically significant difference
in the mean weight and length gain between the two intervention
groups (Phuka et al., 2009).

2.2. Ethics

Ethical approval for the study was obtained from the College of
Medicine Research and Ethics Committee at the University of
Malawi and from the Ethical Committee of the Pirkanmaa Hospital
District in Finland. The trial protocol was registered with the
National Library of Medicine, Bethesda, MD, USA (http://www.cli-
nicaltrials.gov, trial identification number NCT00131222).

2.3. Eligibility, enrollment and randomization of participants

Children could be included in the study if they were 6-14
months of age; had weight-for-age z-score (WAZ) <-2.0; had
guardian-signed informed consent; and were resident in the area
throughout the study period. They were excluded if they had
weight-for-length z-score (WLZ) <-3.0, edema, severe illness
warranting hospital referral on the day of enrollment, peanut
allergy, or they were participating in another clinical trial. Details
of the processes for enrolling and randomizing participants have
been reported elsewhere (Phuka et al., 2009).

2.4. Interventions and follow-up

The follow-up period for the clinical trial was 12 weeks, during
which participants received either 71 g/day (282 kcal) of CSB or
50 g/day (256 kcal) of LNS delivered to their homes weekly. CSB
was packed in 500 g bags (supplied by Rab Processors, Blantyre,
Malawi) and contained corn and soy flours and micronutrients. It
was supplied as dry flour that had to be cooked as porridge. LNS
were packed in 50 g foil packets (produced by Nutriset, Malaunay,
France) and contained peanut butter, milk powder, cooking oil,
sugar, and micronutrients. LNS were ready-to-use and could be
given either plain or mixed with regular porridge. Caregivers were

provided with spoons and advised to feed their child either
porridge containing 12 spoons of CSB or 1 packet of LNS per day.
Neither study group was given instructions about how many times
per day to feed the child the supplement, nor, in the case of LNS, in
what form it should be served (plain or mixed with porridge).
Caregivers were encouraged to continue breastfeeding on demand.

2.5. Sample size

The sample size was calculated based on expected values for the
primary outcome (weight gain) of the clinical trial. A sample size of
84 children per group was required to achieve 80% power and 95%
confidence, assuming a standard deviation of 0.39 kg per group
during 12 weeks and a mean gain difference of 0.17 kg between
groups (CSB and LNS). The target enrollment was 88 children per
group to allow for 5% attrition. This gives a power of about 80% for
detecting a difference of 0.4 SD in quantitative variables, which is
considered a small-to-moderate effect size by Cohen (1988).

2.6. Data collection and measurement of outcome variables

Six trained research assistants collected the data. They were
required to achieve at least 80% agreement with the trainer (VF) on
five consecutive practice observations before the study began.
Agreement between observers was >85% for length of feeding
episode and caregiver hand washing and >95% for all other
variables studied.

Research assistants made a 1-day visit (6:30 a.m. to 5:30 p.m.)
to each participant’s home between the 5™ and 11" study week.
They recorded the date and exact start and end times of the
observation visit. This was used together with the enrollment date
and dates of supplement delivery to determine the following for
each participant: timing of the observation visit within the trial
follow-up period, number of days after supplement delivery when
the observation took place, and length of observation. The day
when supplement was received was counted as zero and the days
were numbered consecutively until the next supplement delivery.

At the beginning of each observation, the research assistant
introduced herself then sat near the child and recorded on a log
form the start and end times and the type of food given during all
feeding episodes, including breastmilk. Feeding episodes were
counted as separate if there were at least 15 min between the end
of one episode and the beginning of another. Food recorded on logs
was divided into six categories: plain porridge, nsima and relish,
CSB, LNS plain, LNS mixed, and snacks. Plain porridge was made of
corn or rice and contained approximately 10% dry matter. Nsima
was stiff corn porridge, approximately 28% dry matter, and relish
was a sauce, usually made of beans, green vegetables, or fish. CSB
was porridge made from corn-soy blend. LNS plain were LNS
served as such. LNS mixed were LNS combined with corn porridge.
Snacks were small quantities of food served between meals. During
the season when the study was conducted, snacks were usually
fruit, sugar cane, sweet potato, cassava, banana, or bread.

The number of episodes of each type of food was calculated and
these were added to get the total number of episodes per day for
each participant. The total number of breastfeeding episodes was
slightly underestimated because breastfeeding during a meal or
snack was not counted as a separate episode. The length of a
feeding episode in minutes was determined by subtracting the
start from the end time. The daily time for each type of food was
calculated for each participant and the total time was obtained by
adding the length of all feeding episodes per child.

Research assistants used a semi-structured form to collect
information about child and caregiver behavior during supplement
feeding episodes. They recorded the child’s main position during
the feeding episode and the number of bites of food offered to and
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eaten by the child, which were used to calculate the proportion
accepted. The position of the child was marked as sitting on the
caregiver’s lap, sitting on the floor, standing, or walking/crawling.
Because they occurred infrequently, standing and walking/crawl-
ing were combined in the analysis.

Caregivers’ behaviors measured included: hand washing before
the feeding episode, person feeding the child, utensil used, whether
supplement was shared, whether there was any leftover at the end of
the feeding episode, and the proportion shared and leftover.
Caregivers were counted as washing their own hands and/or their
child’s hands if they were rinsed with water before the feeding
episode. The person feeding the child was noted as the mother, the
child him or herself, or another person (usually a grandmother, aunt,
or father). Mother and other person were used if they fed the child
during the whole meal. If the child fed him or herself at least part of
the time, this was recorded as self-feeding. Self-feeding was counted
even when it was partial to detect possible differences in child
autonomy depending on the type of supplement. The main utensil
used during the meal was recorded as: spoon, LNS packet, or hand
(caregiver’s or child’s). The LNS packet was considered as the utensil
if the supplement was fed by squeezing it from the packet directly
into the child’'s mouth. Sharing supplement was defined as
consumption of the supplement by a person other than the
participant during the meal. The proportion of the supplement
meal shared was estimated based on the quantity of food presented
to the participant that was eaten by someone else. CSB and LNS
mixed with porridge were considered to be leftover if the feeding
episode had ended but some food remained in the bowl, whether it
was eaten by someone else or discarded. Plain LNS were leftover if
the remaining part of the packet was given to someone else to eat
after the study child had already finished eating. The proportion
leftover was recorded as the amount of the original portion that
remained in the bowl or was eaten by someone else from the packet
after the feeding episode.

Whether supplement feeding episodes were offered as a meal
or snack was determined from feeding logs. A supplement episode
was considered to be a meal if no other meal of the same type (e.g.,
breakfast) was offered during that period of the day, and it was
counted as a snack if it was offered between meals. Use of the
supplement as a meal or snack was included with other caregiver
behaviors.

Measurements of weight, height, and mid-upper arm circumfer-
ence were obtained from unclothed children at the beginning and
end of the study by a researcher (JP) blinded to the participants’
study allocation. Weight was measured using an electronic child
scale (SECA 834, Chasmors Ltd., London, UK) with a 0.1 g increment.
Anthropometric indices, including WAZ, were calculated using the
CDC 2000 growth reference, which was the latest reference available
at the time of enrollment. Background information on the
participants’ families was obtained through a questionnaire
administered by research assistants during a home visit.

2.7. Data analysis

The data were entered to a Microsoft Access database and
analyzed using Stata (version 9.2). All comparisons between the
CSB and LNS groups were by intention to treat. Means were
calculated for each study group for the following variables: study
week when observation was conducted, day after supplement
delivery when observation was conducted, hours of observation,
number of feeding episodes (total and by type of food), daily
feeding time (total and by type of food), proportion of offered
supplement accepted by the child, proportion of supplement
shared, and proportion leftover. The means were compared and the
hypothesis that there was no difference between the study groups
was tested using t-test.

Proportions for each study group were determined for
participants who did not eat supplements during observations,
participants who were reported to have no supplements left,
whether the supplement was offered as a meal or snack, where
supplement feeding episodes took place (veranda/yard and earth
surface/mat), caregiver and child hand washing, child’s main
position, feeder, utensil used, supplement sharing, and presence of
leftovers. For the analysis of caregiver behavior, only the first
supplement feeding episode of the day was included for each
participant. The majority of participants had one or fewer
supplement feeding episodes (CSB 82%, LNS 87%), and limiting
the analysis to the first one allowed us to compare proportions
between the study groups without adjusting for intra-individual
correlation. The hypothesis that there was no difference between
the proportions of behaviors in the two study groups was tested
using Fisher’s exact test. There were two variables that could have
had an influence on behaviors during supplement use-age of the
child at observation and whether the supplement was given as a
meal or snack. We used logistic regression to determine if
controlling for these variables had an effect on our results.

As there was no difference in the growth of the children in the
two study groups, we used the full sample to detect whether
selected caregiver behaviors were associated with child growth.
Using multivariable linear regression analysis with change in
child’s WAZ during the study as the outcome, we entered the
following explanatory variables into a single model: number of
feedings, caregiver hand washing, supplement sharing, and
presence of leftovers. The child’s initial WAZ and age at observation
were also included as covariates. Number of feedings was defined
as the total number of complementary and supplementary feeding
episodes observed. It was entered in the model because a higher
number of feeds have been linked with higher total energy intake
(Islam et al., 2008), which would be expected to influence growth.
Caregiver hand washing was selected because better hygiene
decreases incidence of diarrhea in children (Ejemot, Ehiri,
Meremikwu, & Critchley, 2008), and diarrhea may have a negative
impact on child growth (Black, Brown, & Becker, 1984; Checkley
et al., 2008). Supplement sharing and presence of leftover
supplement were included to determine the effect of limited
supplement consumption on weight gain. Correlations between
the regression coefficients were examined, and none of the
variables were strongly correlated with one another.

3. Results

In total, 280 children were invited to the enrollment session and
88 were randomized to each study group (Fig. 1). Of these, 85 who
received CSB and 86 who received LNS had observation visits. One
child in the LNS group with indeterminate information about the
type of supplement consumed was excluded. Two children in the
CSB group ate LNS and one child in the LNS group ate CSB, but these
children did not consume their assigned supplement on the day of
observation. There were no statistically significant differences
between the study groups in background characteristics (Table 1)
or proportions of children reported to be ill on the day of
observation (CSB 19/85 = 22%, LNS 14/85 = 16%, difference (95% CI)
6% (—6%, 18%), p = 0.438).

Timing of observations and failure to consume supplements on
the day of observation did not differ between the study groups
(Table 2). Nearly all children were observed during the second half
of the follow-up period and most were visited between the first
and fifth day after supplement delivery. Seven observation days
(CSB 3, LNS 4) were cut short by two or more hours, usually
because the child was sick and the mother took him or her to the
health center. The main reason for not eating supplements during
observation was that the participant had no supplement left
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Screened
1657

Age>15 months
367

WAZ>-1.80
1010

Invited to enrollment visit

280
Didn’t show up
30
Refused
2
WAZ>-2.00
72
Randomized to CSB Randomized to LNS
88 88
Deaths
2 Deaths
Refused !
observation Drop-outs
1 1
Had observation visit Had observation visit
85 86
Excluded
1

Included in analysis
85

Fig. 1. Study profile. CSB, corn-soy blend; LNS, lipid-based nutrient supplement. WAZ, weight-for age z-score.

(Table 2). Among those reporting no supplement remaining, there
was no difference between the study groups in the number of days
after supplement delivery when the observation took place (CSB
3.5 £ 0.7 days, LNS 2.7 + 0.9 days, difference (95% CI) 0.8 (—1.6, 3.2),

Table 1
Selected demographic and socioeconomic characteristics of participants at
enrollment.

Characteristics Study group
CSB (n=85) LNS (n=85)
Number (%) of males 48 (56%) 42 (49%)
Mean (SD) child age at 13.6 (2.7) 13.7 (2.4)
observation (months)
Mean (SD) weight-for-age —3.1 (0.8) -2.9 (0.7)
z-score at start of study
Mean (SD) birth order of study child 3.5 (2.1) 3.3 (2.3)
Mean (SD) maternal age (years) 28 (7) 26 (7)
Maternal education
None 48 (57%) 41 (48%)
1-3 years 13 (15%) 18 (21%)
4-6 years 13 (15%) 16 (19%)
7 or more years 11 (13%) 10 (12%)
Housing materials
Brick 60 (71%) 58 (68%)
Mud and poles 24 (28%) 23 (27%)
Other 1(1%) 4 (5%)

CSB, corn-soy blend; LNS, lipid-based nutrient supplements.

p=0.479). Other reasons for not eating the supplement during
observation included: child refuses to eat the supplement in general
or due to illness (CSB 4, LNS 2) and mother was away so no
supplement was cooked or offered to the child (CSB 2, LNS 1).

There was no difference between the study groups in the total
mean number of feeding episodes per day and total mean daily
feeding time (Table 3). When specific types of food were examined,
the mean number of supplement meals was significantly higher in
the LNS group, while the mean daily time spent feeding nsima and
relish was significantly higher in the CSB group. Nearly all
participating children were still breastfed (CSB 85/85 = 100%,
LNS 83/85 = 98%), and the breastfeeding frequency and time spent
breastfeeding were similar in both groups. Among those partici-
pants who were served LNS during observation, most were offered
the supplement plain (47/74 = 64%) rather than mixed with
porridge (20/74 = 27%), while a small proportion (7/74 = 9%) were
given LNS both plain and mixed. The mean minutes per episode for
children who ate each type of food were: CSB (12.4 +5.5), LNS
mixed with porridge (13.1 + 7.4), and plain LNS (8.9 + 4.9).

We detected some similarities and several differences in child
and caregiver behaviors in the CSB and LNS groups (Table 4).
Children accepted both of the supplements well. Similar numbers
of bites of the two supplements were offered to the children, but
the mean proportion of the offered supplement that was eaten by
participants was slightly higher in the LNS group (CSB 94%, LNS
98%, difference (95% Cl) 4% (1%, 7%), p =0.003). There was no
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Table 2
Timing of observations and failure to consume supplements during observations.
Characteristics Study group Difference between p-value
CSB (n-85) INS (n-85) study groups (95% CI)
Mean (SD) study week when observation conducted 8.8 (1.8) 8.7 (1.9) 0.1 (-04, 0.7) 0.618
Mean (SD) day after supplement delivery when observation conducted 3.0 (2.4) 2.9 (2.3) 0.1 (-0.6, 0.8) 0.720
Mean (SD) hours of observation 10.6 (0.8) 10.3 (1.4) 0.3 (0, 0.6) 0.082
Proportion of participants who did not eat supplement during observation 22% 12% 10% (1, 22) 0.102
Proportion of participants who did not have supplement left during observation 15% 8% 7% (-3, 17) 0.233
CSB, corn-soy blend; LNS, lipid-based nutrient supplements. Difference in means by t-test. Difference in proportions by Fisher’s exact test.
Table 3
Mean number of feeding episodes and mean daily feeding time by study group and type of food.
Type of food Mean (SD) number of Mean difference p-Value Mean (SD) daily feeding time Mean difference p-value
episodes per day (95% CI) (min) (95% CI)
CSB (n=85) LNS (n=85) CSB (n=85) LNS (n=85)
All feeding episodes 16.4 (4.0) 15.9 (4.1) 0.6 (-0.6, 1.8) 0.394 102 (62) 90 (52) 12 (-5, 30) 0.157
Breastmilk 124 (4.2) 11.5 (4.2) 0.9 (-0.3,2.2) 0.121 63 (57) 54 (47) 9 (-7, 25) 0.251
Plain porridge 0.3 (0.5) 0.4 (0.6) -0.1(-03,0) 0.130 3(6) 4 (8) -1(-4,1) 0.180
Nsima & relish 1.0 (0.4) 0.9 (0.4) 0.1 (0, 0.2) 0.107 14 (9) 11 (6) 3(1,6) 0.004
Supplement 0.8 (0.5) 1.0 (0.5) -0.2 (-0.3,0) 0.035 11 (8) 11 (8) 0(-2,2) 0.961
Snacks 1.8 (1.4) 1.9 (1.5) -0.1 (-0.6, 0.3) 0.599 12 (14) 10 (10) 2(-2,5) 0.403

Porridge, corn or rice porridge; Nsima & relish, stiff corn porridge & sauce; Supplement, corn-soy blend or lipid-based nutrient supplements; snacks, small quantities of food
(most frequently fruit, sugar cane, sweet potato or cassava, banana, and wheat or corn bread) served between meals. Difference in mean number of episodes and mean daily

feeding time by t-test.

difference between the groups in the location of the feeding
episodes or the child’s position during them. Although children in
both groups were usually fed supplements by their mothers, those
in the LNS group were more likely to have other people feed them
the supplement than those in the CSB group. Caregivers in the CSB
group were significantly more likely than those in the LNS group to
serve the supplement as meal, wash their hands before feeding,
and feed the child with a spoon. Outright sharing of supplements
was observed relatively infrequently and there was no difference
between the groups in the occurrence of sharing or the mean
proportion shared (CSB 4%, LNS 1%, difference (95% CI) 3% (—1%,
6%), p = 0.128). There were significantly more instances of leftovers

Table 4
Child and caregiver behavior during supplement feeding episodes.

and the mean proportion leftover was higher in the CSB than the
LNS group (CSB 19%, LNS 6%, difference (95% CI) 12% (9%, 15%),
p < 0.001). We observed approximately one-quarter of the left-
overs being eaten by someone else. Shared supplements and those
leftovers that were observed being eaten were most often
consumed by the child’s siblings or cousins (CSB 76%, LNS 73%).
Statistical adjustment for age and use of the supplement as a meal
versus snack did not make a difference in the comparison of
behaviors in the two study groups (details not shown).

Our sub-group comparisons of behaviors related to the use of
LNS mixed and plain generally mirrored the results of CSB
compared to LNS (Table 5). Children ate similar proportions of

Child and caregiver behavior CSB (n=66) LNS (n=75) Difference in proportions p-value
n % N % (95% CI)
Offered as meal not snack 64 97% 54 72% 25% (14, 36) <0.001
Location
On veranda not yard 36 55% 40 54% 1% (—15, 17) 1.00
On earth surface not mat 38 58% 53 70% —-12% (28, 4) 0.157
Hand washing before feeding
Caregiver washed own hands 42 64% 27 37% 27% (11, 43) 0.002
Caregiver washed child’s hands 17 26% 10 13% 13% (-1, 25) 0.085
Sitting on lap 42 65% 52 69% —4% (-20, 11) 0.592
Sitting on floor 21 32% 18 24% 8% (-7, 23) 0.345
Standing, walking or crawling 2 3% 5 7% —4% (-11, 3) 0.450
Person feeding
Mother all of the time 57 86% 59 79% 7% (-5, 20) 0.274
Self part or all of the time 8 11% 8 12% —-1% (-12,9) 0.797
Other person all of the time 1 2% 8 11% -9% (17, -2) 0.037
Utensil
Spoon 61 92% 36 48% 44% (31, 57) <0.001
LNS packet 1 1% 34 45% —44% (—55, —32) <0.001
Caregiver’s or child’s hand 4 6% 5 7% -1% (-9, 7) 1.00
Supplement sharing 10 15% 4 5% 10% (0, 19) 0.088
Part of food was leftover 33 50% 16 21% 29% (13, 44) <0.001

CSB, corn-soy blend; LNS, lipid-based nutrient supplements. Difference in proportions by Fisher’s exact test. Analysis based on the first supplement meal of the day per child.
Types of supplement meals within the LNS group were: plain LNS (n=50), LNS mixed with porridge (n=24), and CSB (n=1).
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Table 5
Child and caregiver behavior during LNS feeding episodes.
Child and caregiver behavior LNS mixed with LNS plain (n=50) Difference in proportions p-value
porridge (n=24) (95% CI)
n % n %
Offered as meal not snack 24 100% 28 57% 43% (29, 57) <0.001
Location
On veranda not yard 15 62% 25 51% 11% (12, 35) 0.455
On earth surface not mat 14 56% 38 77% —21% (—44, 11) 0.065
Hand washing before feeding
Caregiver washed own hands 16 69% 11 22% 47% (25, 69) <0.001
Caregiver washed child’s hands 6 25% 8% 17% (-2, 35) 0.068
Child’s main position
Sitting on lap 19 76% 32 65% 11% (—11, 32) 0.431
Sitting on floor 6 24% 12 24% 0% (-2, 2) 1.00
Standing, walking or crawling 0 0% 5 10% —10% (-19, 17) 0.160
Person feeding
Mother all of the time 21 87% 37 74% 13% (—4, 31) 0.238
Self part or all of the time 1 4% 7 14% —10% (—22, 3) 0.262
Other person all of the time 2 8% 6 12% —4% (-18, 10) 1.00
Utensil
Spoon 24 96% 13 26% 70% (55, 84) <0.001
LNS packet 0 0% 34 68% —68% (—81, —57) <0.001
Caregiver’s or child’s hand 1 4% 3 6% —2%(-12, 8) 1.00
Supplement sharing 1 4% 3 6% —6% (—12,1) 1.00
Part of food was leftover 14 56% 2 4% 52% (32, 72) <0.001

Difference in proportions by Fisher’s exact test. Analysis based on the first supplement meal of the day per child. The child in the LNS group who was observed eating CSB was

excluded.

the offered LNS whether it was served mixed with porridge or plain
(LNS mixed 97%, LNS plain 99%, difference (95% CI) 2% (—1%, 4%),
p = 0.225). The location of feeding and the child’s position did not
differ between the sub-groups. Caregivers were significantly more
likely to serve LNS mixed with porridge than plain LNS as a meal
and wash their own hands before feeding. LNS mixed with porridge
was usually fed with a spoon, while plain LNS was frequently fed
directly from the packet. There was no difference in supplement
sharing or the mean proportion shared (LNS mixed 1%, LNS plain
1%, difference (95% CI) 0% (—2%, 2%), p = 0.567) based on the way
LNS were served. There were more frequently leftovers and the
mean proportion leftover was larger for LNS mixed with porridge
than for plain LNS (LNS mixed 15%, LNS plain 1%, difference (95% CI)
14% (8%, 21%), p < 0.001). Statistical adjustment for age and use of
the supplement as a meal or snack did not have an impact on
comparisons between LNS plain and mixed (details not shown).
Presence of leftovers after supplement feeding episodes was
negatively associated with change in child’s WAZ (Table 6). The
other explanatory variables entered to the model (number of

Table 6
Multivariable linear regression analysis of caregiver feeding behaviors during
supplementary feeding associated with change in child’s WAZ.

Explanatory variables Change in child’'s WAZ

Regression coefficient p-value

(95% CI)
Constant —0.82 (-1.41, —0.23) 0.007
Age at observation 0.66 (0.03, 0.10) 0.001
Child’s WAZ at enrollment —0.08 (—-0.20, 0.04) 0.196
Number of feedings?® 0.02 (—0.04, 0.08) 0.466
Caregiver hand washing —-0.03 (-0.21, 0.15) 0.760
Supplement sharing —0.02 (—0.30, 0.28) 0.885
Presence of leftovers —0.19 (-0.37, —0.01) 0.036

WAZ, weight-for-age z-score.
2 Number of feedings includes complementary and supplementary feeding
episodes, but excludes breastmilk.

feedings, caregiver hand washing, and supplement sharing) did not
predict change in child’s WAZ.

4. Discussion

The main aim of this study was to compare feeding patterns and
behaviors of undernourished children who received either CSB or
LNS as food supplements. We found no difference between the
groups in total mean number of feeding episodes per day or total
mean daily time spent feeding. The mean number of supplement
episodes was higher in the LNS group while the mean daily time
spent feeding nsima was higher in the CSB group. Caregivers were
more likely to serve the supplement as a meal, wash their hands
before feeding, and use a spoon in the CSB than the LNS group.
There were more frequently leftovers and the proportion leftover
was larger among those who had CSB than LNS. The same patterns
of caregiver behavior found in comparisons of CSB with LNS were
also detected when LNS mixed with porridge was compared to
plain LNS. Presence of leftovers was the only predictor associated
with change in child’s WAZ.

The strengths of this research were a study population taken
from a randomized clinical trial with few drop-outs and the use of
structured observations to detect feeding patterns and behaviors.
Observational methods have frequently been used to study
behaviors related to complementary feeding in children (Bentley
et al,, 1991b; Engle & Zeitlin, 1996; Gittelsohn et al., 1998; Guldan
etal., 1993; Moore et al., 2006) and are more accurate than recall or
survey methods for obtaining information about food consump-
tion and other household behaviors (Basch et al., 1990; Curtis et al.,
1993; Stanton, Clemens, Aziz, & Rahman, 1987).

This study had some limitations, including the possible
influence of observers on feeding behavior and the use by three
participants of the supplement that was not assigned. Although
caregivers could have modified their behaviors in the presence of
observers, we believe that reactivity in the present study was
reasonably low. Research has shown that reactivity decreases with
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two or more observations (Cousens, Kanki, Toure, Diallo, & Curtis,
1996; Gorter et al., 1998), and several aspects of feeding studied
here were similar to findings from our earlier study, where there
were 10 observations per participant (Flax et al., 2008). In addition,
the overall feeding pattern in this study was comparable to the
number of complementary feeds per day reported elsewhere in
southern Malawi (Hotz & Gibson, 2001). In terms of the
participants who were observed eating the other supplement,
they made up a very small proportion of the study sample (<2%), so
their impact on the analysis was minimal.

The overall feeding patterns detected in this research were
quite similar in the two study groups, with the majority of
participants being fed one supplement meal, one nsima and relish
meal, and one to three snacks. Although the frequency of LNS
episodes was significantly higher than CSB episodes, the difference
between the groups was small and was probably linked to the
variation in proportions of children in each group who did not eat
the supplement during observation. Since children usually
consumed their supplements in the morning and nsima sometime
thereafter, differences between the study groups in the amount of
time spent feeding nsima could be related to the large disparity in
the volume of the supplements consumed due to their different
energy densities (Briend, 2002; Phuka et al., 2009). There is
evidence that high volume, low density foods (like CSB) can
enhance satiety and influence subsequent meals (Rolls, 2009). The
other notable aspect of the feeding pattern was the low frequency
of plain porridge use in the LNS and CSB groups, which was similar
to findings during LNS supplementation in our earlier study (Flax
et al., 2008).

In our previous work, we theorized that LNS was integrated
into feeding patterns by mixing it with porridge because porridge
was an important element of child feeding (Cosminsky, Mhloyi, &
Ewbank, 1993; Mabilia, 1996) and because offering it together
with porridge, rather than as an additional snack, saved time. In
the present study, LNS was more frequently served plain. The
differences in LNS use between the two studies suggest that
Malawian caregivers can be flexible and adaptive in their child
feeding regimes, as has been shown in feeding interventions and
trials ofimproved practices in other settings (Bentley etal., 1991a;
Paul, Dickin, Ali, Monterossa, & Stoltzfus, 2008; The Manoff Group,
2007). We suspect that differences in patterns of LNS use in these
two studies may be at least partly related to LNS packaging. In our
earlier study, LNS were provided in jars containing a one-week
supply, while in the present study they were given to participants
in foil packets for daily use. The ease of using foil packets and
feeding the child directly from them may have encouraged
mothers to give children plain LNS more often than when it was
provided in a jar and also influenced the type of utensil used to
feed it.

Although there is evidence from Nicaragua that some caregiver
and child behaviors, such as self-feeding, are different during
meals and snacks (Engle & Zeitlin, 1996), feeding the supplement
as a meal or snack did not influence self-feeding or other behaviors
in this study.

Differences between the study groups in certain behaviors, such
as hand washing and leftovers, were associated with specific
patterns of behavior related to plain LNS. Our findings with regard
to the proportions of caregivers washing their hands before CSB
and LNS mixed with porridge feeding episodes are similar to
reports of maternal hand washing before child feeding in other
developing countries, while those for plain LNS are somewhat
lower (Manun’Ebo et al., 1997; Sakisaka et al., 2002).

Non-compliance in feeding the recommended amount of
supplement to children may limit the impact on growth. Other
studies comparing CSB and LNS in Malawi have reported minimal
levels of supplement sharing based on focus group discussions and

maternal reports (Matilsky, Maleta, Castleman, & Manary, 2009;
Phuka et al., 2008, 2009). In the same sample from which the
present study was drawn, mothers indicated during weekly
interviews at the time of supplement distribution that <1% of
the supplements were diverted to other family members (Phuka
et al., 2009). These figures contrast with our direct observations,
which documented larger proportions of outright sharing, frequent
leftovers, and some children whose weekly supply of supplement
was finished early. Similar discrepancies between reported and
observed behaviors have been found in research on household
hygiene (Manun’Ebo et al., 1997) and indicate that caregivers tend
to under-report undesirable behaviors (Curtis et al., 1993). There is
very little research on leftover supplements. Results from our
earlier study, where we reported the proportion of LNS plain and
mixed that was “lost”, are comparable and consistent with the
proportion leftover in the present research (Flax et al., 2008).

Our finding that leftovers are associated with child growth
concurs with some supplementary feeding research showing that
when the intake of supplements was inadequate due to sharing or
replacement the effect on growth was constrained (Beaton &
Ghassemi, 1982; Owino et al., 2007; Santos et al., 2005). The lack of
association between sharing and growth in the present study is
probably related to the infrequent occurrence of sharing and to the
small quantities shared. The mean feeding frequency in this study
is in the range recommended by international agencies for children
of this age (PAHO/WHO, 2003). This together with the low
variability in the number of daily feeding episodes in our sample
may explain why we did not detect an association between feeding
frequency and growth. Our finding with regard to hand washing
and child growth is consistent with research showing that hygiene
behaviors cluster (Arimond & Ruel, 2002). It is likely that we
detected no association between hygiene before supplement
feeding and growth because hand washing alone does not
adequately represent the totality of household hygiene practices.

In conclusion, this study found that most differences between
the study groups were linked to the way LNS were served (plain vs.
mixed with porridge). Programs promoting LNS in Malawi should
consider behaviors related to mode of serving and provide
appropriate advice to caregivers in order to minimize leftovers.
As several types of packaging for LNS are currently in wide use,
further research on behaviors associated with specific types of
packaging may be warranted.
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