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Abstract

The major aim of this trial was to compare the development of 18-month-old infants who received complemen-
tary feeding for 1 year either with lipid-based nutrient supplements or micronutrient fortified corn-soy porridge.
Our secondary aim was to determine the socio-economic factors associated with developmental outcomes in the
same population.A total of 163 six-month-old rural Malawian children were enrolled in a randomized controlled
trial where the control population received daily supplementation with 71 g corn-soy flour [Likuni Phala (LP)]
(282 kcal) and individuals in the intervention groups received daily either 50 g of lipid-based nutrient supple-
ment (FS50) (264 kcal) or 25 g of lipid-based nutrient supplement (FS25) (130 kcal). The main outcome mea-
sures were Griffiths’ developmental scores at 0–2 years. Independent comparison of study groups was carried out
using analysis of variance (ANOVA) statistics where mean raw scores, quotients, or mental ages were compared.
Association of developmental outcome with predictor variables were examined using multiple regression. At 18
months of chronological age, the mean � standard deviation (SD) mental ages in the LP, FS50, and FS25 groups
were 17.9 � 1.3, 17.9 � 1.3, and 17.9 � 1.2 (P > 0.99), respectively. Likewise, the mean raw developmental scores
and mean developmental quotients did not differ significantly. Length-for-age z-score gain during the interven-
tion period, and maternal education were associated with developmental outcome at 18 months (P = 0.03 and
P = 0.04; respectively). In conclusion, rural Malawian infants receiving 12-month daily supplementation of their
diet either with the tested lipid-based nutrient supplements or fortified corn-soy flour have comparable devel-
opment outcomes by 18 months of age.
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Introduction

Stunting affects approximately 170 million children
under 5 years of age, with a prevalence of 40% in
southern Asia and 50% in sub-Saharan Africa (de
Onis & Blössner 2003; UNICEF 2006). In early
childhood, stunting is associated with poor child
development including poor sensorimotor, cognitive–
language development and social–emotional deve-

lopment (Meeks Gardner et al. 1999; Cheung et al.
2001; Siegel et al. 2005; Olney et al. 2007). Childhood
stunting and poor child development are also associ-
ated with poor school performance, reduced physical
performance, and reduced income in adulthood as
well as lower birth weight of the next generation
(Haas et al. 1995; Mendez & Adair 1999; Daniels &
Adair 2004; Grantham-McGregor et al. 2007; Victora
et al. 2008).
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Prenatal and early childhood undernutrition has
been widely reported as a cause of stunting and poor
development in early childhood (Cheung et al. 2001;
Siegel et al. 2005; Olney et al. 2007). Because of the
persistence of this effect on childhood development
after the age of two (Chang et al. 2002; Victora et al.
2008), prevention strategies have been cited as a
global health priority (Eagle et al. 2007; Grantham-
McGregor et al. 2007; Walker et al. 2007). Nutritional
interventions targeted at the prevention of stunting or
promotion of linear growth would be expected to
promote child development. Results from long-term
follow-up studies suggest that nutritional interven-
tions in childhood promote cognitive performance,
physical performance, and economic productivity
(Haas et al. 1995; Eagle et al. 2007; Grantham-
McGregor et al. 2007; Walker et al. 2007; Hoddinot
et al. 2008). To date, however, only a few nutritional
intervention studies have assessed childhood devel-
opment of under 2-year-old children as an out-
come measurement in Africa (Oelofse et al. 2003;
Adu-Afarwuah et al. 2007; Grantham-McGregor et al.
2007).

Recently, we reported results of a clinical trial sug-
gesting that fortified spread promotes growth and
prevents severe stunting in infancy when given as
complementary food for 1 year (Phuka et al. 2008).
Fortified spreads (FS) are micronutrient adulte-
rated energy-dense lipid-based nutrient supplements
(LNS), which are simple to produce, can be stored
in warm conditions without supporting bacterial
growth, and do not displace breast milk intake when
given in infancy (Briend et al. 1999; Briend 2001;
Galpin et al. 2007). In the present study, we hypoth-
esized that nutritional intervention with 50 g of LNS

would promote early child development more than
iso-energetic corn-soy blend or half-dose LNS when
given as complementary food for 1 year starting
from the age of 6 months. Hence, the primary aim
was to compare the developmental outcomes
between children who received either LNS or corn-
soy blend. And as secondary analysis, to identify
other predictors of child development in the trial
sample.

Methods

Study area and timing

The present assessment was conducted between
October and December, 2005 in Lungwena, a rural
Malawian community with high prevalence of early
childhood stunting and underweight (Maleta et al.
2003a,b). The staple food, maize, was grown during
the single rainy season between December and
March. Exclusive breastfeeding for babies was almost
non-existent, and infant diet was typically comple-
mented with thin maize porridge from as early as 2–6
months of age.

Eligibility criteria and enrolment

The study material consists of data from a recently
reported clinical trial called Lungwena Child Nutri-
tion Intervention Study 3 (LCNI-3). Healthy infants
who met inclusion criteria (age 5.50–6.99 months,
resident in the study area, and whose guardian had
signed an informed consent) were randomized to a
control group, which was provided with a daily dose
of 71 g micronutrient fortified corn-soy flour [Likuni

Key message

• Stunting affects approximately 170 million children under 5 years of age worldwide.
• Because of its association with poor childhood development after the age of two, prevention strategies have

been cited as a global health priority.
• Few nutritional intervention studies have assessed childhood development of under 2-year-old children.
• This study investigated the impact on developmental outcomes after a year of complementary feeding with

lipid-based nutrient supplements or corn-soy flour.
• Developmental outcomes on the Griffiths scale are similar after 12 months supplementation with corn-soy

blend or lipid-based nutrient supplements among Malawian infants.
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Phala (LP)], and the interventions groups, which
were provided with LNS either as 50 g fortified
spread (FS50) or 25 g micronutrient fortified spread
(FS25). The micronutrient content was adjusted so
that children in both FS groups received the same
daily micronutrient doses from the supplement
(Table 1). The supplements were home-delivered
every 3 weeks (at each food delivery three 500 g
bags of LP, four 262 g jars of FS50, or two 262 g jars
of FS25 were given). Sample sizes were based on
expected values for one of the primary outcomes
(weight gain) and predicted equal standard devia-
tion in comparison groups based on an earlier pre-
liminary dose-finding trial (Kuusipalo et al. 2006).
The sample sizes calculation was set to provide the
trial with 80% power and 95% confidence to detect
difference in weight gain between the supplemen-
tary groups. Finally, the sample sizes were adjusted
to allow for approximately 5% attrition.

Measurement of outcome variables

Development was assessed using the Griffiths’
developmental assessment tool for 0–2 years
(Griffiths & Huntley 1996). This was adapted by
removing three items from the locomotor section
(climbs into a low chair, climbs to stand on a chair, and
can seat self at table) and six items from the personal-
social skills (tries to turn doorknob or handle, shows
shoes, likes adult to show book, can open a door, can
take off shoes and socks, and at table uses spoon and
fork together without help). These were items which
were considered inappropriate in the rural Malawian
setting.Two local research assistants were trained and
certified in assessment and use of the Griffiths by
Melissa Gladstone,one of the authors.A total of 267 of
the total 276 items in the 0–2 Griffiths scales of mental
development were used; 52 from personal/social skills,
56 were from hearing/language, 51 from the locomo-
tor, and 54 from the two other subscales. The partici-
pant’s raw total score as well as each subscale were
expressed as the sum of all the items scored (Cheung
et al. 2008). The sub- and total raw scores were then
used to find developmental quotients from the
Griffiths scales (Griffiths & Huntley 1996).The mental
age column in the Griffiths scale was used to read the
mental age corresponding to attained the subscale raw
score, and general mental age was calculated as the
mean of all subscale mental ages.

Explanatory variables of development

The individual and household factors hypothesized a
priori to be associated with cognitive and motor devel-
opment were included in multiple regression models
as explanatory variables. These included complemen-
tary feeding groups, length-for-age z-score (LAZ) at
18 months with adjustment for baseline LAZ, mater-
nal education, number of under five siblings in the
household, asset index, and morbidity. Maternal edu-
cation was included in the model as a binary variable
representing the capacity of the participants’ mothers
to write their names or not. Morbidity data were
defined as the total number of days during the
follow-up when the participants had either diarrhoea
or fever episodes. These days were a sum of days
recorded daily by the mothers at home by checking

Table 1. Energy and nutrient content of the daily ration of the food
supplement used in the trial

Variable Intervention group

LP FS50 FS25

Weight, g 71 50 25
Energy, kcal 282 264 130
Protein, g 10.3 7.6 3.8
Carbohydrates, g NA 15.4 8.3
Fat, g 3.1 16.5 8.3
Retinol, mg RE 138 400 400
Folate, mg 43 160 160
Niacin, mg 3 6 6
Pantothenic acid, mg NA 2 2
Riboflavin, mg 0.3 0.5 0.5
Thiamin, mg 0.1 0.5 0.5
Vitamin B6, mg 0.3 0.5 0.5
Vitamin B12, mg 0.9 0.9 0.9
Vitamin C, mg 48 30 30
Vitamin D, mg NA 5 5
Calcium, mg 71 366 283
Copper, mg NA 0.4 0.5
Iodine, mg NA 90 90
Iron, mg 5 8 8
Magnesium, mg NA 60 60
Selenium, mg NA 17 17
Zinc, mg 3.6 8.4 8.4

FS25, fortified spread, 25 g day-1; FS50, fortified spread, 50 g day-1;
LP, Likuni Phala; NA, not applicable; RE, retinol equivalents.
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against a symbol representing diarrhoea or fever. The
mothers were trained on how to record daily episodes
of diarrhoea or fever on a weekly morbidity calendar
at the beginning of the study.The study field assistants
collected the morbidity records from the participants’
homes every week. Anthropometric indices weight-
for-age z-score (WAZ), LAZ, and weight-for-length
z-score (WLZ) were calculated with Epi-Info 3.3.2
software (CDC,Atlanta, GA), based on the CDC 2000
growth reference (Kuczmarski et al. 2002).

At household level, the number of children and
socio-economic status were included in the regression
model. The number of siblings aged under five in the
household was included to evaluate possible effect of
having competitors for care in the household. The
total number of people in the household was excluded
from analysis because of strong correlation with
number of under five children. An asset index was
created using principal components analyses on a set
of assets available to assess long-term economic
welfare in the households (Filmer & Pritchet 2001).
The index was included in the multiple regression
models as a continuous explanatory variable.

Data management and analysis

Collected data were recorded on paper forms and
double-entered into a tailor-made Microsoft Excel
2003 program (Microsoft Corp., Redmond, WA). The
two entries were electronically compared and
extreme values were confirmed or corrected. Statisti-
cal analysis was carried out using Stata 9.0 (Stata-
Corp, College Station, TX). For continuous variables,
the three groups were compared using analysis of
variance (ANOVA). Attained mental ages were com-
pared with chronological age using t-test. Multiple
regression analysis was used to test interaction and to
identify factors associated with general developmen-
tal outcomes at 18 months. P-values of <0.05 were
considered significant.

Ethics, study registration, and participants’ safety

The trial was performed according to International
Conference of Harmonization – Good Clinical Prac-
tice guidelines (ICH-GCP) and it adhered to the prin-
ciples of Helsinki declaration and regulatory

guidelines in Malawi. The trial protocol was reviewed
and approved by the College of Medicine Research
and Ethics Committee (University of Malawi) and
the Ethical Committee of Pirkanmaa Hospital
District (Finland). Key details of the protocol
were published at the clinical trial registry of the
National Library of Medicine, Bethesda, MD, USA
(http://www.clinicaltrials.gov, trial identification is
NCT00131209).

Results

Of 182 initially enrolled infants, 10 infants died during
the 12-month food supplementation period, two were
not located at the end of follow–up, and seven did not
show up for developmental assessment at the
research centre.The remaining 163 participated in the
developmental assessment study (Fig. 1). No statisti-
cally significant differences were observed in propor-
tions of success to follow-up, deaths, and dropouts
across the trial groups (P = 0.24, P = 0.77 and P = 0.13,
respectively). Reasons for not showing up were not
established.

The background anthropometric characteristics at
developmental assessment and changes between
enrolment and developmental assessment were
mostly similar (Table 2). The age at developmental
assessment was similar across the groups. The propor-
tion of boys and mean WAZ, LAZ, and WLZ were
lowest in LP group and highest in FS25. The lowest
decrease in anthropometric indices during interven-
tion period occurred in FS50 group except WLZ.
However, none of these decreases reached statistical
significance when compared between the groups
(P = 0.80, P = 0.70, and P = 0.67 for WAZ, LAZ, and
WLZ, respectively).

The mean � standard deviation (SD) general raw
Griffiths scores were 227 � 9.0, 226 � 11, and
226 � 10 for the LP, FS50, and FS25 groups, respec-
tively (P = 0.90) (Table 3). Correspondingly, mean
general quotients were 101 � 7, 100 � 9, and 100 � 8
(P = 0.88) and mean � SD mental ages for each
group were 17.9 � 1.3, 17.9 � 1.3 and 17.9 � 1.2
(P > 0.99). Similar comparisons of the trial groups on
all the developmental subscales showed no statisti-
cally significant differences (Table 3). There was no
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statistically significant differences between mean
chronological age and general mental age among all
groups or when all groups were combined; combined
mean difference [95% confidence interval (CI)] were
0.01 (-0.19–0.21).

No significant interaction was found between base-
line length for age and intervention groups using
general developmental scores as outcome variable
(P = 0.10 and P = 0.40 for FS50 and FS25, respec-
tively), or between baseline weight for age and inter-
vention groups (P = 0.18 and P = 0.22, respectively).

In an exploratory analysis to determine predictors
of development at 18 months, we fitted a multiple

regression model for raw general score with all avail-
able individual and household-level explanatory
factors (Table 4). Of the all the variables modelled,
only the capacity of mothers to write and LAZ at 18
months were significantly associated with general
developmental score (P < 0.05). No interaction was
found between capacity of mothers to write and
supplementary groups.

Discussion

The present study was designed to compare develop-
mental outcomes associated with 1 year of comple-

182 participants

61 randomized to
LP group

four deaths
one no show

four deaths
three droponts
three no show

56 attended
developmental
assessment

51 attended
developmental
assessment

56 attended
developmental
assessment

two deaths
one dropont
one no show

61 randomized to
FS50 group

60 randomized to
FS25 group

Fig. 1. Flow of participants. FS25, fortified
spread, 25 g day-1; FS50, fortified spread,
50 g day-1; LP, Likuni Phala.

Table 2. Background characteristics of the 163 participants, by intervention

Variable Intervention group

LP FS50 FS25

(n = 56) (n = 51) (n = 56)

Characteristics at developmental assessment
Male sex, no. (%) 23 (39.3) 26 (54.1) 32 (56.7)
Age, mean � SD, month 17.9 � 0.5 18.0 � 0.49 17.9 � 0.4
Weight-for-age z-score, mean � SD -1,89 � 1.17 -1.72 � 1.11 -1.62 � 1.06
Length-for-age z-score, mean � SD -1.71 � 0.91 -1.50 � 0.87 -1.42 � 1.01
Weight-for-length z-score, mean � SD -0.47 � 1.04 -0.43 � 1.17 -0.37 � 1.06

Changes between enrolment and end of intervention (18 months)
12 months cumulative diarrhoea days, mean � SD 5.8 � 4.8 5.1 � 3.3 5.0 � 3.0
12 months cumulative fever days, mean � SD 10.6 � 9.6 11.3 � 8.5 9.7 � 9.0
WAZ, mean � SD -1.30 � 0.63 -1.24 � 0.90 -1.33 � 0.66
LAZ, mean � SD -0.54 � 0.99 -0.41 � 0.81 -0.48 � 0.91
WLZ, mean � SD -0.98 � .80 -1.05 � 0.89 -1.12 � 0.74

FS25, fortified spread, 25 g day-1; FS50, fortified spread, 50 g day-1; LP, Likuni Phala; SD, standard deviation.;WAZ, weight-for-age z-score; LAZ,
length-for-age z-score; WLZ, weight-for-length z-score.
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mentary feeding in a randomized controlled trial,
where participants received either corn-soy blend
(LP) or LNS (FS50 or FS25). The enrolment was
population based where almost all eligible infants in
the catchment area were recruited, group allocation
was random, losses to follow-up were minimal and
our assessment methods were retrospectively vali-
dated through the regression analysis. As expected
(Ivanans 1975; Pena et al. 2000; Cheung et al. 2001;
Griffiths et al. 2004; Larrea & Kawachi 2005; Walker
et al. 2005; Hatt & Waters 2006), maternal education

and length gain of the infant during the follow-up
were both positively associated with the developmen-
tal score we used. Therefore, the observed results of
comparable developmental outcomes between the
LP and the FS50 or the FS25 trial groups are likely to
be valid and representative of the target population.
Thus, the findings do not reject the null hypothesis
that complementary feeding with the tested LNS regi-
mens equally promotes early childhood development
more than corn-soy blend.

The notion that different types of dietary supple-
mentation schemes that are all fortified with multiple
micronutrients result in comparable developmental
outcomes is consistent with some earlier findings
(Black et al. 2004; Adu-Afarwuah et al. 2007). After a
6-month supplementary intervention from the age of
6 months, a trial in Ghana showed no significant dif-
ferences between micronutrient fortified LNS and
micronutrient powder or micronutrient tablets in pro-
moting motor development (Adu-Afarwuah et al.
2007). Another trial in Bangladesh showed no signifi-
cant difference in psychomotor development when a
group receiving multiple micronutrients was com-
pared with a group receiving combined iron and
zinc supplements (Black et al. 2004). However, all
micronutrient-fortified supplements in Ghana, and
multiple micronutrient or combined iron and zinc
supplements in Bangladesh promoted motor devel-
opment more than non-supplementation or placebo
groups, respectively (Black et al. 2004;Adu-Afarwuah

Table 3. Griffiths’ general raw scores, quotients, and mental ages with specific subscale mental age among the trial groups

Griffiths characteristic Intervention group P-value

LP FS50 FS25

Griffiths general scales
Raw score, mean � SD 226.5 (9.0) 225.6 (10.7) 225.7 (9.6) 0.88
Quotient, mean � SD 101 (7) 100 (9) 100 (8) 0.88
Mental age, mean � SD 17.9 � 1.3 17.9 � 1.3 17.9 � 1.2 >0.99
Griffiths subscale mental ages
Locomotor, mean � SD 15.91 � 0.98 15.81 � 0.78 16.01 � 0.93 0.52
Personal and social, mean � SD 16.30 � 1.10 16.25 � 1.03 16.26 � 0.97 0.97
Hearing and language, mean � SD 17.86 � 2.91 18.01 � 3.25 17.78 � 2.03 0.90
Eye–hand coordination, mean � SD 21.21 � 1.36 21.17 � 1.83 21.38 � 1.49 0.76
Performance, mean � SD 18.41 � 2.31 18.25 � 2.41 18.21 � 2.46 0.89

FS25, fortified spread 25 g day-1; FS50, fortified spread 50 g day-1; LP, Likuni phala; P-value Obtained by ANOVA.

Table 4. Regression coefficient (95% CI) from multiple regression
analysis of general mental score and explanatory characteristics among
the 163 participants at 18 months of age

Explanatory variables General mental score

Regression
coefficient
(95% CI)

P-value

Constant 228 (222, 234) <0.001
FS25 group -0.9 (-4.5, 2.8) 0.64
FS50 group -0.4 (-4.1, 3.3) 0.81
LAZ at 18 months 2.2 (0.2, 4.3) 0.03
LAZ at 6 months -1.1 (-3.6, 1.4) 0.38
Maternal education 3.7 (0.2, 7.3) 0.04
Number of under five 0.7 (-1.1, 2.4) 0.46
Asset index -0.6 (-1.6, 04) 0.22
12 months cumulative diarrhoea days -0.2 (-0.6, 0.2) 0.42
12 months cumulative fever days 0.01 (-0.2, 0.2) 0.85

FS25, fortified spread 25 g day-1; FS50, fortified spread 50 g day-1;
LAZ, Length-for-age z-score; CI, confidence interval.
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et al. 2007). Several other studies have also shown that
micronutrient fortification of supplements (Moffat
et al. 1994; Harahap et al. 2000; Olney et al. 2006) or
unfortified supplementation (Husaini et al. 1991) pro-
motes neurobehavioural development more than
non-supplementation in infants.

The three food supplements used in this study had
different levels of essential fatty acids: the corn-soy
blend, FS50 and FS 25 provided an additional 0.3,
0.8, and 0.4 g of alpha linolenic acid (ALA) per day
and 2.7, 7.3, and 3.6 g of linolenic acid (LA), respec-
tively. A differential impact on development was
plausible as essential fatty acids are needed for brain
growth (Helland et al. 2003; Innis 2008, 2009). It is
possible, however, that with the additional essential
fatty acids provided by breast milk, the overall
difference of intake was not sufficient to have an
influence on development quotient. The adequate
intake of LA and ALA was 4.6 and 0.5 g day-1 (Food
and Nutrition Board 2005), and breast milk was
estimated to provide at least 4.4 and 0.4 g day-1

given the minimum intake was 830 g day-1 (Galpin
et al. 2007).

The major limitation of the present study was lack
of non-supplemented control group. Because of this
omission, we cannot conclusively analyse if none of
the interventions had an effect or if all three supple-
mentation schemes had an equal positive effect on
the developmental outcomes. The fact that the par-
ticipants attained mean general mental ages compa-
rable with their own chronological age is, however,
consistent with the latter alternative. This possibility
is further supported by the notion that the observed
mental ages were similar to those from the reference
population of the Griffiths scale (Black et al. 2004)
and those attained by British children of similar age
in a different study (Sutcliffe et al. 1999). Because
the study area had a high prevalence of stunting,
malaria is endemic and income level was low
(Maleta et al. 2003a; UNICEF 2006), making it more
likely that the participants would attain lower devel-
opmental outcomes when compared with reference
population from a high-income setting (Cheung
et al. 2001; Kariger et al. 2005; Siegel et al. 2005;
Grantham-McGregor et al. 2007; Olney et al. 2007).
In the earlier mentioned Ghana trial, using a

somewhat similar approach to ours, a difference in
motor development was noticed in an analysis that
compared no intervention with one with LNS
but not between two different supplement types
(Adu-Afarwuah et al. 2007).

The adaptation method of the locomotor and per-
sonal social subscales resulted in lower possible
scores than in the total scores in the subscales.
Attained raw score were likely to be lower than
could normally be attained. No specific correction
was performed on the raw score or the correspond-
ing mental ages in these subscales. Thus, the lower
mental ages than chronological ages attained in
these specific subscales are likely and partly
explained by the adaptation of the Griffiths tools.
The lower mental ages in these subscales, however,
should not have affected our group comparison as
they affected all the participants.

In conclusion, developmental outcomes of a year-
long complementary feeding intervention to other-
wise healthy infants with micronutrient-fortified LNS
does not differ from the outcome of intervening with
micronutrient-fortified corn-soy flour. After these
results, further trials on effects of complementary
feeding interventions with LNS that include a non-
supplemented control group are warranted.
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