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Abstract

Background: Multiple micronutrient deficiencies, in particular iron deficiency anaemia (IDA) is a severe public health
problem in Lao People’s Democratic Republic (Lao PDR). Because of the practical difficulties encountered in
improving the nutritional adequacy of traditional complementary foods and the limitations associated with the use
of liquid iron supplementation for the treatment and prevention of IDA in infants and young children, recently,
home-fortification with multivitamins and minerals sprinkles was recommended. This study aims to compare the
effect of twice weekly versus daily supplementation with multivitamins and minerals powder (MMP) on anaemia
prevalence, haemoglobin concentration, and growth in infants and young children in a rural community in Lao PDR.

Methods: A randomized trial was conducted in six rural communities. Children aged 6 to 52 months (n = 336)
were randomly assigned to a control group (n = 110) or to one of two intervention groups receiving either two
sachets per week (n = 115) or a daily sachet (n = 111) of MMP for 24 weeks; 331 children completed the study. A
finger prick of blood was taken at baseline, at week 12, and again at week 24 to determine haemoglobin
concentration. Anthropometric measurements were taken every 4 weeks. The McNemar test was used to assess
within group differences at three time points in the study subjects with anaemia and one-way ANOVA was used to
assess changes in mean haemoglobin concentration in the treatment groups.

Results: MMP supplementation resulted in significant improvements in haemoglobin concentration and in the
reduction of anaemia prevalence in the two treatment groups compared with the control group (p <0.001). The
severely to moderately anaemic children (Hb <100 g/L) on daily supplementation recovered faster than those on
twice weekly supplementation. MMP was well accepted and compliance was high in both treatment groups.
Overall, the improvement in the weight for age Z-score was very small and not statistically significant across the
three study groups.

Conclusions: MMP supplementation had positive effects in reduction of anaemia prevalence and in improving
haemoglobin concentration. For severely to moderately anaemic children, daily MMP supplementation was more
effective in improving haemoglobin concentration and reducing anaemia prevalence. A longer intervention period
is probably needed to have a positive effect on growth.
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Background
According to UNICEF/WHO/WFP, micronutrient or
vitamin and mineral deficiencies affect approximately 2
billion people worldwide [1]. The adverse effects of
micronutrient deficiencies during childhood are substan-
tial. Micronutrient deficiencies have negative effects on
growth and development, and cause reduced psychomo-
tor performance, and increased morbidity and mortality
[2-8].
The main cause of the multiple deficiencies is a poor

quality diet, often as the result of an inadequate intake
of animal sources of foods. Additionally, non-nutritional
factors such as parasitic infections, genetic haemoglobi-
nopathies, malaria, and infectious diseases impair nutri-
tional status and health and alter the metabolism of
multiple micronutrients [9]. Infants and young children
are particularly at risk of micronutrient deficiencies.
From the age of 6 months, the nutrient requirements of
infants need to be met by breast milk and complemen-
tary foods. Although possible modifications to the tradi-
tional recipes, such as adding extra animal source foods
and reducing absorption-inhibiting components such as
phytate, were considered, the diet would still be unlikely
to meet the requirements for micronutrients such as
iron, calcium, and zinc. Additionally animal source
foods alone may not provide enough vitamins and
minerals for young children [10,11]. Therefore, in devel-
oping countries, micronutrients are very likely to con-
tinue to be limited in the diets of young children
between the ages of 6 and 23 months. This problem
also applies in Lao People’s Democratic Republic (Lao
PDR) where the quality of complementary food, that is
predominantly cereal-based, is very poor[12]. Thus, for
children aged 6-23 months, vitamins and minerals need
to be added to their diets to improve development and
growth and reduce morbidity and mortality[9].
Anaemia, which is mainly due to iron deficiency, is

one of the major micronutrient deficiencies in develop-
ing countries. In the Lao PDR Multiple Indicator Cluster
Survey 2006 and the Lao PDR National Nutrition Survey
2006, the prevalence of anaemia in children 6-59
months of age was reported to be 41%. The prevalence
was much higher (63.5%) in children aged 6-23 months
[13]. According to the World Health Organization
(WHO), over 40% prevalence of anaemia indicates a
very severe public health problem [14].
Because of the practical difficulties encountered in

attempts to improve the nutritional adequacy of tradi-
tional complementary foods [15] and the limitations
associated with the use of liquid iron supplementations
for the treatment and prevention of iron deficiency
anaemia (IDA) in infants and young children[16] and
because multiple deficiencies coexist with IDA, home

fortification with multivitamins and minerals in a pow-
dered form, known as sprinkles, has been widely pro-
moted as a way to address IDA and micronutrient
deficiencies [17-25]. One of the main benefits of sprin-
kles is that they can be easily incorporated into the cur-
rently recommended complementary feeding practices
for infants after 6 months of age and can therefore con-
tribute to healthy infant weaning practices [26].
However, the effect of adding sprinkles to home-pre-

pared foods may depend on the local food culture and
acceptance by local people. Therefore, the multivitamins
and minerals powder needs to be tested locally to clarify
the optimal starting point, the duration of use, and its
acceptability [27]. A previous study in young Vietnamese
children found that weekly supplementation with multi-
ple micronutrients was as effective as daily supplementa-
tion in improving haemoglobin concentration and
proposed that weekly instead of daily supplementation
was cheaper and program compliance may be better
[28].
The primary aim of the present study was to compare

the effects of multivitamins and minerals powder
(MMP) given as two sachets on 2 separate days during
the week with one sachet given daily on haemoglobin
concentration, the prevalence of anaemia, and growth in
infants and young children. We also aimed to assess
MMP compliance for the two regimens and the accept-
ability of the product among the mothers or caretakers
of the study subjects.

Methods
Study area
This study was conducted in six communities in the
Lahanam zone, Songkhone District, Savannakheth Pro-
vince, 600 km south of the capital city, Vientiane, Lao
PDR. The Health and Demographic Surveillance System
(HDSS) was established in this area in 2004 and all the
population is registered.
The Lahanam area has a relatively high production of

rice, cotton and watermelon, and most villagers have
access to adequate amounts of rice. Other foodstuffs are
seasonally available from nearby small patchy forests
and from the market town (within 10 km of the Laha-
nam area). Intake levels of fat, calcium, iron, and retinal
in the area were found to be very low compared with
the recommended dietary allowance of Thailand and the
WHO/FAO [29].
The first complementary food that is used in the area

is principally glutinous rice, which is given pre-chewed
by mothers to nearly all infants in the first week of their
life. This traditional early use of complementary food
may decrease or stop the infant’s intake of breast milk
[30].
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There is only one health centre in the area providing
primary health care. This centre serves a population of
7,000 through six auxiliary nurses and an average of two
village health volunteers (VHVs) in each village. A
malaria control program was successfully executed in all
the villages 10 years ago. Each household was categor-
ized into one of two socioeconomic status groups: high
(with electricity, improved water source and latrine) and
low (lacking one or all of these).

Study design and randomization
The study was a randomized trial. A statistical power
analysis (80% power and significance of p = 0.05)
showed that to reduce anaemia by 20% (from 41% to
21%) and to improve haemoglobin concentration by
0.56 g/L, and to compensate for 10% loss to follow-up, a
sample size of 110 children would be needed in each
group.
In an effort to promote community participation, a

series of meetings with local authorities (heads of the
villages), parents, VHVs, and health centre staff were
held before commencement of the study to explain the
study objectives. Individual written informed consent
was obtained at the time of enrolment from the mothers
or legal guardians of all the children involved in the
study. The study was approved by the Nagasaki Univer-
sity Ethical Review Board (Japan) and the National Ethic
Committee for Health Research of the Ministry of
Health in Lao PDR.
From the HDSS database of the National Institute of

Public Health (NIOPH), 367 eligible pre-school age chil-
dren were identified. Inclusion criteria were: (i) age 6 to
53 months at the time of recruitment; (ii) willingness to
participate; (iii) receiving complementary food in addi-
tion to breast milk; and (iv) apparently healthy. Exclu-
sion criteria were: (i) having fever or any illnesses on
the day of enrolment; (ii) baseline level of haemoglobin
less than 70 g/L; and (iii) currently receiving iron sup-
plementation. Of the original 367 children who met the
criteria, 17 were absent at the time of enrolment, and
14 were excluded because they had infections with fever
on the day of enrolment. Therefore, a total of 336 chil-
dren were enrolled in the study.
Before recruitment began, we used a simple computer

program (a random number generator) for the randomi-
zation process, which was done by household. We then
enrolled the 336 eligible children and randomly allocated
them to three groups: a control group (n = 111), a group
given twice weekly multiple micronutrients supplementa-
tion (n = 115), and a group given daily multiple micronu-
trients supplementation (n = 111). Children in families
with two or more children who fulfilled the requirements
to participate in the study were all included and treated
as separate cases; however, all the children in one family

were allocated to the same group. There were 215 one-
child families, 49 families with two children, and three
families with four children in the study.
As part of the routine government health services, all

children below the age of five years received a single
high dose of vitamin A every 6 months, and those aged
24 months or older received a single dose of mebenda-
zole for deworming in the 2 months prior the study.
Children who had not received mebendazole were given
it during the baseline survey.
Over 24 weeks, the daily group was given MMP sup-

plementation from Monday to Sunday (7 d/wk), and the
twice weekly group was given MMP supplementation on
Monday and again on Friday. Because of technical and
financial constraints, placebo could not be produced
locally, so following the normal standard of care in Lao
PDR at the time of the study; the control group received
the 6-monthly high-dose vitamin A supplementation
instead of a placebo. After completing this study, all
subjects in the control group received 60 sachets of
MMP.

Micronutrient supplements
The MMP supplement used in this study was MixMe™
manufactured by DSM Nutritional Products Europe,
Ltd., CH 4002 Basel. The nutrients and amounts used in
the multi-micronutrient formula are based on the
recommendations by UNICEF/WHO/WFP for one
recommended dietary allowance of 15 vitamins and
minerals. The nutrient content of 1 g of MMP was vita-
min A (RE 400 μg), vitamin D3 (5 μg), vitamin E (TE 5
mg), vitamin B1, B2, B6 each (0.5 mg), folic acid (150
μg), niacin (6 mg), vitamin B12 (0.9 μg), vitamin C (30
mg), iron (10 mg), zinc (4.1 mg), selenium (17 μg), cop-
per (0.56 mg), and iodine (90 μg). The MMP was sup-
plied in a single-dose sachet (1 dose = 1 sachet) and one
pack contained 30 × 1 g sachets.
The doses of micronutrients used in this study were

calculated based on the WHO recommendation on the
dosage schedules for iron supplementation to prevent
IDA [14]. Indications for supplementation are when the
diet does not include foods fortified with iron or when
anaemia prevalence is above 40%. It is recommended
that children from 6 to 23 months of age should receive
2 mg of iron per kg body weight per day and children
from 24 to 59 months of age should receive the same
dose, up to a maximum of 30 mg per day, for 3 months.
The dose of iron in the MMP used in this study was

10 mg, which is within the range of daily recommended
dosage of iron for young children according to the
American Food and Drug Administration. A total of 168
sachets were provided to the daily supplementation
group and 48 sachets were given to the twice weekly
supplementation group.
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Data collection
The study commenced in February 2009 with focus
group discussions and in-depth interviews with mothers
and field promoters (VHVs and members of the Lao
Women’s Union) to gather information on current child
feeding practices and on how to introduce and promote
MMP supplementation for children. This phase was
completed in March 2009 with a baseline survey in all
six communities. Mothers or legal guardians were
invited to a central setting such as a health centre or
temple in each of the villages, and interviews were con-
ducted by the medical staff from the NIOPH. Informa-
tion was gathered on; (i) family characteristics including
mother’s education level, working status (working out-
side or at home), ownership of latrine, and access to
improved water sources; (ii) feeding practices, noting
the age of starting complementary foods, the type of
complementary foods, and number of meals consumed
per day; (iii) knowledge of anaemia; and (iv) medical his-
tory (occurrence of diarrhoea or cough in the previous 2
weeks and receipt of routine deworming treatment).
After this, the MMP supplementation intervention
began, lasted for 24 weeks, and ended in October 2009.

Assessment of haemoglobin concentration
At weeks 0, 12 and 24 of the study, capillary blood samples
were obtained from a finger prick using aseptic technique;
haemoglobin concentrations were measured immediately
with a portable battery-operator Hemocue B-Haemoglobin
photometer (Hemocue Inc., Angelholm, Sweden) by
trained technicians [31], who were unaware of the alloca-
tion of micronutrient supplement. Anaemia was defined
as a haemoglobin concentration below 110 g/L.

Anthropometric measurement
The height and weight of the infants and children were
measured every 4 weeks during the 24-week interven-
tion. A calibrated SECA scale with intervals of 0.1 kg
was used to measure weight. An infant length board
with a sliding foot board was used to measure the
recumbent length to the nearest 0.1 cm of children less
than 24 months, and a wooden scale with a sliding head
piece was used to measure the standing height of chil-
dren 24 months and older. Two field workers, who were
unaware of which group a child belonged to, completed
the measurements in duplicate using standardized
WHO procedures[32]. Height for age, weight for age,
and weight for height Z-scores were calculated using the
WHO Child Growth Standard (WHO Anthro software,
version 3.01) [33].

Training of village health volunteers
A total of 16 VHVs were recruited and given a 1-day
training session before the initiation of the study. The

benefits, adverse side effects, usage of the MMP supple-
ment (food demonstration), MMP supplement nutrition
education and instructions on follow-up using the moni-
toring form were all explained. The VHVs delivered
MMP supplements to the intervention groups on a
weekly basis and instructed the mothers on how to
administer the dose in a single meal, twice weekly for
one group (the TWS group) and daily for the other (the
DS group). To ensure that children consumed the entire
dose, mothers were asked to mix the MMP supplement
with a small amount of the child’s food just before
consumption.

Monitoring forms (compliance and acceptability)
The VHVs used monitoring forms to record the number
of MMP sachets consumed by the children in the two
intervention groups, any side effects, and any illnesses
that occurred during the study period. For the TWS
group, a VHV visited the house every Monday providing
one sachet and every Friday giving the other sachet. For
the DS group, VHVs visited the house every Monday
and provided all seven sachets. The sachets left uncon-
sumed from the previous week were counted on the
next Monday’s visit. The three health centre nurses col-
lected the monitoring forms weekly from the 16 VHVs.
All monitoring forms were checked by the NIOPH
supervisor and reviewed by the main researcher on a
monthly basis. The total number of empty sachets was
used to measure compliance. For the TWS group, good
compliance was defined as when children consumed
more than 70% of all the MMP sachets provided, and
for the DS group when at least five sachets of the MMP
supplements provided per week were consumed during
the 24 weeks of the study.

Statistical analysis
Data were analysed using the PASW statistical package,
version 18.0 (SPSS Inc., Chicago, IL, USA). Socio-demo-
graphic, health, and nutrition characteristics of the study
subjects were summarised as mean and standard devia-
tion (SD) for continuous variables and as frequency for
categorical variables. Differences in prevalence were
tested with the Pearson chi-squared test. Differences in
mean haemoglobin concentration and Z-scores between
the groups at the beginning and at the end of the inter-
vention were examined using Repeated Measures Analy-
sis of Variance. The McNemar test was used to assess
within group differences at three time points in the
study subjects with anaemia and one-way ANOVA was
used to assess changes in mean haemoglobin concentra-
tion in the treatment groups. All the analyses were car-
ried out for all subjects and separately for the children
who were anaemic at baseline. Values of p <0.05 were
considered to be significant for all tests.
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Results
Of the 336 children recruited, five (1.5%) were lost to
follow-up before the 12-week assessment (three moved
out of the study area, and two developed diarrhoea and
their mothers refused to continue the study). Thus 331
study subjects completed all 24 weeks of the trial (Fig-
ure 1).

Baseline characteristics
Baseline information (Table 1) revealed some typical
characteristics of population in the rural communities of
Lao PDR. The majority of study subjects had mothers
with relatively low levels of education and were from
households with low access to basic facilities such as
improved water sources and latrines. The nutritional
status of the study subjects was characterized by a rela-
tively high prevalence of both stunting and underweight.
There were no significant differences between the
groups in terms of sex distribution, mean age, weight,
and height.

Although it was unintended, the haemoglobin concen-
tration was significantly different at baseline in the con-
trol (n = 110) compared with in the two
supplementation groups. Children in the control group
had, on average, a higher mean haemoglobin concentra-
tion and thus a lower incidence of anaemia compared
with the children in the two supplementation groups.

Effects of the intervention
Overall, the prevalence of anaemia decreased from
58.6% to 26.1% in the TWS group and from 53.6% to
18.2% in DS group over the 24-week study period.
Decrease in prevalence was also observed in the control
group, from 34.5% to 23.6%; however, the change was
significant only between weeks 12 and 24, whereas in
the TWS and DS groups the changes were significant
between the baseline and week 12 and between weeks
12 and 24. Thus, anaemia prevalence in the DS group
was reduced by 35.4% in the 6 months compared with
32.5% in the TWS group (p = 0.043) and 10.9% (p

Assessed for eligibility (n= 367)

Randomization (n= 336)

Excluded (n= 31)
- Absent at the day of enrolment (n=17)
- Having fever at the day of enrolment (n= 14)

Control group
(n= 110)

Twice weekly group
(n= 115)

Daily group 
(n= 111)

Discontinued 
- moved out (n=3)
- Got diarrhoea (n=1)

Analyzed (n=110) Analyzed (n=111) Analyzed (n=110)

Discontinued 
- Diarrhoea (n=1)

Figure 1 Enrolment procedure.
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<0.001) in the control group. To eliminate the effect of
the initial difference in anaemia prevalence, we grouped
the subjects who were anaemic separately from those
who were not anaemic at baseline and compared the
change in prevalence (Table 2). Of the children who
were anaemic at baseline, the proportion that remained
anaemic decreased most rapidly in the DS group: to
59.3% by week 12 and to 32.2% by week 24. The
decrease in anaemia prevalence was lower in the TWS
group (44.6% by week 24) and lowest in the control
group (65.8% at week 24). By week 12, the proportion of
anaemic children was significantly different between the

control and DS groups and, by week 24, the proportion
in the two intervention groups was significantly lower
than in the control group. Although some children in
the control and DS groups who were non-anaemic at
baseline became anaemic in the early stages of the
study, all but two of them were non-anaemic by week
24.

Haemoglobin concentration
During the whole study period, the mean haemoglobin
concentration increased from 107.1 g/L ± 13.0 g/L (SD)
to 120.0 g/L ± 11.6 (SD) g/L in the DS group, and from

Table 1 Baseline characteristics of the control, daily supplementation, and twice weekly supplementation groups

Control Twice weekly Daily P1

(n = 110) (n = 111) (n = 110)

Age, months 31.1 ± 14.6ª 32.4 ± 14.6 32.0 ± 13.3 0.793

Sex, male [% ] 34.5 46.8 42.7 0.168

Maternal age, year 28.4 ± 6.8 29.5 ± 8.4 29.0 ± 7.1 0.583

Maternal education, year 6.74 ± 3.1 6.38 ± 3.2 6.35 ± 3.6 0.637

Mothers working outside [% ] 93.6 84.7 90.9 0.080

High SES2[%)] 31.8 30.6 31.8 0.976

Household having > 6 members [% ] 49.1 49.5 58.2 0.314

Breastfeed infants[%] 33.6 23.4 20.9 0.074

Commercial baby formula [%] 19.1 13.5 19.1 0.473

Complementary food: Rice [%] 60.9 59.5 58.2 0.473

Meat [%(] 77.3 64.9 61.8 0.034

Egg [%(] 50.0 57.7 53.6 0.521

Haemoglobin concentration, g/L 114.3 ± 15.2 105.1 ± 13.3 107.1 ± 13.0 < 0.001

Anaemia, [% ] 34.5 58.6 53.6 < 0.001

Weight, kg 11.0 ± 2.5 11.3 ± 2.5 11.3 ± 2.5 0.637

Height, cm 84.2 ± 10.6 85.9 ± 10.8 85.6 ± 10.4 0.441

Weight-for-height Z-score -0.48 ± 1.01 -0.63 ± 1.12 -0.53 ± 0.98 0.544

Height-for-age Z-score -1.84 ± 1.62 -1.65 ± 1.70 -1.73 ± 1.53 0.677

Weight-for-age Z-score -1.38 ± 1.13 -1.38 ± 1.16 -1.36 ± 1.10 0.990

Wasting3 [% 4.5 9.9 7.3 0.307

Stunting4 [%] 44.5 42.3 40.4 0.792

Underweight5 [% ] 27.3 30.6 27.3 0.815
aMean ± standard deviations (SD) (all such value, except where indicated otherwise)
1Based on ANOVA (continuous variables) or Chi-square tests (categorical variables)
2 Socio-economic status “high” is defined as household with electricity, improved water source and latrine and “low” is lacking one or all of these.
3Wasting: Percentage below -2 standard deviations (SD) for weight-for-length/height Z-scores based on WHO child growth standard
4Stunting: Percentage below -2 standard deviations (SD) for length/height-for-age Z-scores based on WHO child growth standard
5Underweight: Percentage below -2 standard deviations (SD) for weight-for-age Z-scores based on WHO child growth standard

Table 2 Number (percentage) of children with anaemia at Week 12 and Week 24 of supplementation by treatment
groups

Non-anaemic at baseline Anaemic at baseline

Control Twice weekly Daily Control Twice weekly Daily

(N = 72) (N = 46) (N = 51) (N = 38) (N = 65) (N = 59)

Week 12 3 (4.2%)A 0 (0.0%)A 6 (11.8%)B 32 (84.2%)A 48 (73.8%)A 35 (59.3%)B

Week 24 1 (1.4%) 0 (0.0%) 1 (2.0%) 25 (65.8%)A 29 (44.6%)B 19 (32.2%)B

A, B Within each class of anaemic status at baseline, groups with different letters have significant differences (McNemar Test, P < 0.05).

Kounnavong et al. Nutrition Journal 2011, 10:129
http://www.nutritionj.com/content/10/1/129

Page 6 of 11



105.1 g/L ± 13.3 g/L (SD) to 118.0 ± 13.9 g/L (SD) in
the TWS group. In the control group, the change in
haemoglobin concentration was smaller, from 114.3 g/L
± 13.0 g/L (SD) to 117.4 ± 12.8 g/L (SD). Again, to
eliminate the effects of the initial differences among
groups, we separated the children by the haemoglobin
concentration at baseline into non-anaemic (Hb >110.0
g/L), mildly anaemic (Hb 100.0-109.0 g/L), and severely
to moderately anaemic (Hb <100.0 g/L).
By week 12, the children in both the TWS and DS

groups who were non-anaemic or mildly anaemic at
baseline showed similar increases in haemoglobin con-
centration and this was significantly greater than for the
non-anaemic or mildly anaemic children in the control
group (Figure 2). However, for the severely to moderately
anaemic children at baseline, the increase in haemoglobin
concentration was greater in the DS group compared
with in the TWS or control groups (Figure 2). The
change in haemoglobin concentration by week 24
showed a similar trend; however, the differences between
the groups were not significant because of the large var-
iance in the control and TWS groups (Figure 3).

Anthropometric measures
The anthropometric Z-scores for the three groups are
shown in Table 3. Overall, the Z-scores of height for
age increased, the Z-scores of weight for age showed no
major improvements, and the weight for height Z-scores
decreased in all groups. The increase in height for age
Z-scores and the decrease in weight for height Z-scores
were significantly greater in the control and DS groups
than in the TWS groups.

Compliance and acceptability
All children in TWS group consumed two sachets of sprin-
kles per week, giving 100.0% compliance for this group. In
the DS group, 72.7% of children consumed five or more
sachets of MMP per week and 43.6% of the children con-
sumed all seven sachets per week for all 24 weeks. The
most common reason for not taking powder in the DS
group was illness, such as diarrhoea (n = 20), cough (n =
10) and forgetting to take supplements (n = 32).
The monitoring reports showed that mothers of the

children in both the intervention groups reported that
their children had constipation or dark stool. There was
no significant difference in reports of illness (diarrhoea or
cough) between the control, DS and TWS groups (32.7%,
39.1%, and 34.2%, respectively; p = 0.587), 42.1% (93/221)
of mothers reported that sprinkles changed the colour of
their children’s food and 43.9% (97/221) reported that
sprinkles had an unpleasant smell or taste. Some mothers
mixed the sprinkles in liquids such as juice or milk. Many
of the mothers felt the MMP had increased their child’s
appetite (31.7%) and playfulness (48.4%).

Discussion
This randomized controlled trial was used to compare
the effect of taking two sachets of MMP supplementa-
tion per week with taking a daily sachet in reducing
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Figure 2 Change in haemoglobin concentration from Week 0 to
Week 12 in children who were non-anaemic (haemoglobin
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anaemia prevalence and in improving haemoglobin con-
centration and growth among 331 infants and young
children in rural communities of Lao PDR. The study
showed that MMP supplementation was effective in
reducing anaemia prevalence and in improving haemo-
globin concentration in both treatment groups. This
result agrees with the results of previous studies in sev-
eral developing countries [17-25].
Overall, this study showed that the use of either two

sachets per week or a daily sachet of MMP supplements
resulted in similar increases in haemoglobin concentra-
tion and similar reductions in anaemia prevalence. This
result supports similar studies in Vietnam [28], Indone-
sia [34] and Bangladesh[35]. We found that for severely
to moderately anaemic children, daily supplementation
of MMP was more effective in reducing anaemia preva-
lence and in improving haemoglobin concentration than
TWS. This supports the results of many other micronu-
trients supplementation trials that suggest that daily
micronutrient supplement was the best treatment for
improving both anaemia and haemoglobin concentration
[36-38]. The reduction of anaemia was also observed in
the control group, but the reduction was relatively smal-
ler than in the DS and TWS groups. The average
increase in haemoglobin concentration in the DS and
TWS groups was 18.6 and 15.6 g/L, respectively, higher
than in the control group, for which the average
increase was 9.3 g/L (p <0.001).
Several studies have shown that weekly iron supple-

mentation, either alone or with other micronutrients, is
as effective as daily iron supplementation in reducing
anaemia in children [28,34]. Other studies have indi-
cated that daily iron supplementation is more efficient
[39-41]. However, daily multiple micronutrients supple-
mentation should be better than daily iron alone for
controlling anaemia, because anaemia is not caused by
iron deficiency alone but by the lack of other micronu-
trients, such as riboflavin, folic acid, vitamin C, and vita-
min A, that are known to favour iron absorption and/or
haematopoiesis [42,43].
The DS group received 70 mg of iron every week,

whereas the TWS group received 20 mg of iron in a
week. Over the 24 weeks of the trial, 43.6% of the DS
group received 1,680 mg of iron (168 sachets × 10 mg),
and 27.3% of the DS group received 960 mg of iron (96
sachets × 10 mg). This amount should be sufficient to
produce a haemoglobin response. The amount of iron
recommended by the Sprinkles Global Health Initiative
for preventing anaemia among children under five years
of age is 600 mg. The DS and TWS groups both showed
a significant dose-response. If a daily dose of MMP was
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Figure 3 Change in haemoglobin concentration from Week 0
to Week 24 in children who were non-anaemic (haemoglobin
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outside 1st and 3rd quartiles. Within each panel, groups with
different letters have significant difference (Mann Whitney U test, P
< 0.05).
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used with full compliance, it should have been possible
to eliminate anaemia in the study subjects during the 6
months of trial.
The positive effects of iron [44,45], vitamin A[46], and

zinc [47] on child growth have been reported. Some stu-
dies have found that supplementation with multiple
micronutrients had a positive effect on length gain,
whereas in others, either weight gain improved or there
was no effect[48]. We observed that inadequate breast-
feeding and weaning practices might contribute to high
rates of malnutrition among study subjects as for gen-
eral population in these age groups. Although the young
children (age less than 24 months), 39.1% were already
stunted. This high rate of stunting was similar to the
prevalence found among children from the same age
group in a 2006 national nutrition survey [13]. Overall,
during the supplementation period an improvement was
observed in height-for-age Z scores among three groups,
but the effect of MMP was unclear. This may not be
related with MMP supplementation because the change
in height-for-age was smaller in TWS group, but chil-
dren in the daily group were similar to the control
group. The decrease in weight for height Z scores might
be because of the episodes of morbidity among study
subjects during the study period. Acute episodes of mor-
bidity might have direct and immediate impact on
weight than on height. Secondly, the lack of effect of
MMP on weight may have been because the comple-
mentary foods consumed by the children were inade-
quate in energy; no additional complementary foods
were provided to the families. Thirdly, it might be
related to timing. If the trial period coincides with the
period of dietary transition when the diet becomes more
qualitatively deficient than quantitatively deficient, the
results may be compromised [49].
This study design had some limitations: (i) the anae-

mic children were not equally distributed among the

groups; (ii) the different number of home visits for the
two intervention groups may have influenced the
amount of attention given to feeding practices and com-
pliance; (iii) because of financial and technical con-
straints in the Lao context, it was not possible to
provide a mask to the mothers or to the field workers
who delivered the MMP sprinkles. However, the
strength of the study is in its low dropout rate (1.5%).
The results of this trial are of relevance beyond the

immediate study zone, because the nutritional status of
the children in the study is similar to that of most of
the children in Lao PDR. The proportion of children in
the study who had stunted growth was 40.2%, and this
compares well with the proportion of preschool children
(40.4%) reported to have stunted growth for Lao PDR
overall. Anaemia was more common in the study sub-
jects (48.9%) compared with the national estimated
anaemia prevalence of 41% in pre-school children [13].
This study indicates that the home fortification of

complementary foods with multiple micronutrient sup-
plements is an effective choice for reducing the preva-
lence of anaemia in children living in a setting where
locally available iron-rich foods may not be affordable or
accessible. The children in remote areas of Lao PDR
would potentially benefit if sprinkles were incorporated
into the current outreach program of the primary health
care services, especially if implemented in combination
with a social advocacy strategy to encourage their use to
prevent anaemia. Over a longer term, health education
that aims to modify food habits would be necessary to
improve child growth rates.

Conclusions
The results of this trial suggest that daily MMP supple-
mentation produced the best result in terms of anaemia
reduction. However, the results are insufficient to make
recommendations to the Ministry of Health authorities

Table 3 Change in anthropometric measurements in the three groups during the study period.

Control Twice-weekly Daily Pb

(n = 110) (n = 111) (n = 110)

Weight for height Z score Baseline -0.48 ± 1.01a -0.63 ± 1.12 -0.53 ± 0.98 0.544

Week 24 -1.09 ± 1.08 -0.97 ± 1.06 -1.15 ± 1.04 0.414

Change -0.61 ± 0.96 A -0.33 ± 0.97 B -0.62 ± 0.84 A 0.036

Height for age Z score Baseline -1.84 ± 1.62 -1.65 ± 1.70 -1.73 ± 1.53 0.677

Week 24 -0.89 ± 1.56 -1.00 ± 1.49 -0.77 ± 1.41 0.532

Change 0.95 ± 0.97 A 0.65 ± 0.93 B 0.95 ± 0.99 A 0.029

Weight for age Z score Baseline -1.38 ± 1.13 -1.38 ± 1.16 -1.36 ± 1.10 0.990

Week 24 -1.27 ± 1.08 -1.24 ± 1.10 -1.23 ± 0.93 0.969

Change 0.11 ± 0.50 0.14 ± 0.45 0.12 ± 0.48 0.901

ª Mean ± SD (all such value, except where indicated otherwise)
b Analysis of variance;
A, B Differences between groups are significant when letters are different (t test, P < 0.05).
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about which supplementation scheme will be most
appropriate to treat anaemia and multiple micronutrient
deficiencies during infancy. The results are inconclusive
because even in the DS group, the group for which the
intervention was most effective, 32.2% of the subjects
remained anaemic at the end of the trial. This study
indicates that, in addition to supplementation with
MMP sprinkles, long-term educational intervention to
promote healthy weaning practices and the consumption
of nutritionally complementary foods is necessary.

Ethical approval
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