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ABSTRACT

Rations distributed by food aid programs are intended to improve the growth of
undernourished children. In practice, food programs target individual children and
provide a supplement to the family that is intended to increase the energy and nutrient
intake of undernourished children. Multiple food rations are available yet few studies
have compared their differential effect on the growth of children. The objective of the
study was to compare growth in undernourished Senegalese children who received a
newly developed dehydrated potato-soy protein concentrate blend (PSB) to those
supplemented with the currently available corn-soy blend (CSB). The first child at
each site was randomly assigned to receive PSB or CSB and subsequent children
alternately received PSB or CSB. Eligibility for obtaining the food ration was based
on criteria determined by the USAID (P.L. 480) Title Il Food Aid Program. Children
received iso-caloric amounts of the two supplements each month (23,000kcals).
Weight, height and mid-upper arm circumference (MUAC) were taken over a four-
month period. Z-scores were calculated for weight-for-age (WAZ), weight-for-height
(WH2Z) and for length/height-for-age measures (HAZ).The study was conducted at 7
clinics which served as food distribution sites in northern Senegal. The study enrolled
348 children 18-56 months old with a weight-for-age z-score below the “yellow” zone
of the locally available growth chart (equivalent to WAZ < -1.0). WAZ and HAZ
significantly increased over time but there was no difference between the two ration
groups. In a subset of 280 children (145 PSB, 135 CSB) who attended all four
appointments and received the full complement of ration, there was significant and
equivalent increase for both groups in WAZ and WHZ. These findings indicate that
children participating in the food aid program significantly improved their growth
over a four-month period. Using the new PSB as a ration had the same impact on
growth as the standard CSB and required less fuel to prepare.
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INTRODUCTION

Infant and childhood mortality in Senegal are estimated at 59/1,000 and 114/1,000,
respectively [1]. Acute respiratory infections, diarrhea, and malaria are the most
common causes of infant and under-five mortality in Senegal [2]. Malnutrition which
compromises child health is also prevalent in Senegal with 14%of children under-five
years of age having a weight-for-age z-score(WAZ) between -2.0 and -3.0 in 2007,
and an additional 3% of children having a WAZ < -3.0 [1]. Chronic under-nutrition
was estimated to be at 16% of Senegalese children under 5 years of age with a
length/height-for-age z-score (HAZ) < -2.0 in 2007 (moderate and severe stunting).
Acute malnutrition was also present in 8% of the under five year old children [1].
Work by Idohou-Dossou et al.[3] suggests that stunting remains a prominent feature
in Senegalese children who suffer from malnutrition. Urban and rural differences also
exist in Senegal regarding the prevalence of under-nutrition. In 2000, it was estimated
that 9.1% of rural children had a WHZ < -2.0 compared with 7.0% of children in
urban areas [4].

Under-nutrition is an important factor in the death of many young Senegalese children
contributing to 31% of all deaths in under- five year olds [2]. Although less common,
severe malnutrition still contributes to 5% of under-five deaths [2]. However, even
mild malnourishment can increase the mortality risk [5] and in Senegal where
moderate malnutrition is highly prevalent it is implicated in up to 84% of the deaths
associated with malnutrition [2]. Thus, programs that improve the nutritional status of
not only malnourished children but children who are at risk for malnutrition should
decrease the under-five mortality rate [6].

Food aid programs including those to improve maternal and child health programs
and to provide humanitarian assistance in times of emergencies are designed to
improve the nutritional status of undernourished children and prevent infant and
childhood deaths [7]. The United States Agency for International Development
(USAID), the World Food Program (WFP) and other aid organizations support
projects that provide food directly to individuals including humanitarian feeding,
food-for-work, maternal and child health programs to supplement the diets of
pregnant and lactating women and children < 5 years of age, child survival programs,
and school feeding programs. The foods that are provided are based on grains and
pulses including whole grains (corn, rice, sorghum, bulgur and wheat, dried and split
beans, peas, and lentils). Some products are already milled, fortified or blended with
soy. The list of available foods is still relatively limited in number and their costs are
subject to the fluctuation in the grain markets [8]. Unfortunately, there are few studies
that have compared the effect of these supplements on the nutritional status of their
target populations [9,10].

The purpose of this study was to compare the growth of targeted children who
received a newly developed ration, a dehydrated potato granule-soy protein
concentrate, (PSB) to children who continued to receive corn-soy blend (CSB) as part
of a monthly ration. Differences in the weight, height and mid-upper arm
circumference over a four-month period were measured along with z-scores for
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weight-for-height, height-for-age and weight-for-height. ~ The analyses were
conducted to determine the changes in the whole group and a secondary analysis was
conducted to determine how the growth of the children varied when the children had
received the supplement on all four occasions and missed no appointments.

METHODS

Study Design

This study was a randomized trial within a currently functioning food aid program.
Children that participated in a current food distribution program with Counterpart
International (CPI), a non-governmental organization working in the northern Senegal
region, were recruited to be in this study. The existing program provided a ration of
lentils, oil and CSB on a monthly basis for children who were eligible for the
program. Additionally, the anthropometric measurements of the children were taken
at the time of each food distribution. For the purpose of this study, all children had
their anthropometric measures taken at baseline to confirm they met the criterion to be
in the food aid program. The first child at each clinic was randomized to receive
either PSB or CSB as part of the monthly ration with subsequent children alternately
being assigned to one of the two rations. Thus, PSB was substituted for the CSB
within the food ration. After the initial baseline visit, participants were asked to return
each month over the next four months to receive their child’s monthly ration of food
aid and to have their anthropometric measurements taken and recorded. The study
was conducted from the beginning of November 2008 and ended in March 2009.

Population

The location for this trial was the Department of Podor in the Saint Louis region of
northern Senegal. The Department of Podor is rural area of 12,947 km? and has a
population of 329,379 inhabitants mostly belonging to the Pular ethnic group.
Traditionally, Pular people are pastoralists that tend to live in compounds or huts in
scattered villages. The Route Nationale region is the area 10 km south and 10 km
north of the Route Nationale paved highway. All sites were selected from Route
Nationale to create a more comparable sample. Additionally, populations in
neighboring regions of Dieri and Walo were more migratory spending weeks away to
herd cattle or farm distant croplands.

In order to be eligible for the trial, villages had to be a site for the Counterpart
International’s (CPI’s) Maternal and Child Health Nutrition (MCHN) program
supported by the USAID Food-for-Peace program and not more than 20 km from
CPI’s office in Ndioum. Seven villages were randomly chosen from the 13 meeting
the eligibility criteria: Bode, Diomandou, Toulde Galle, Sinthiou Penaka, Doumga
Lao, Gawdi Gotti, and Olol Diaobe.

Recruitment and Randomization

The goal was to recruit at least 300 underweight to severe malnourished children, 18-
54 months old at the seven sites selected for our study. The sample size
considerations for this study were based on the ability to illustrate a difference in the
changes for z-score measurements for weight-for-age (WAZ), and weight-for-height
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(WH2Z). A significant difference in the change in z-score measures was assumed to
be an increase by a value of 0.5 for one group and 0.25 for another group because the
estimated standard deviations around these changes would be larger than the mean
difference at a value of 0.7. Setting alpha at 0.5 and power at 0.8 a sample size of 124
children per group determined as needed to achieve statistically significant results.

On recruitment day we used the weight-for-age growth chart Counterpart
International uses to determine the child’s nutritional status at baseline. If the child’s
weight fell in the yellow or red zones, a z-score approximately < -1.0, then the child
was considered eligible for the program and the family was given a food ration for the
child. To ensure independent observations, the youngest child in the family who met
the entry criterion was eligible to be in the study if more than one child had a low
WAZ. Children were excluded from the study if they had edema or were considered
to have kwashiorkor.

Clinic attendance varied and some sites had more recruits than others. Additionally,
there was disproportionate distribution of CSB participants at one site when supplies
of PSB ration ran out on its first day of distribution. A total of 345 children were
recruited for the study. 178 were assigned to the CSB group and 167 to the PSB

group.

Ethical Considerations
At the start of the study, all mothers and guardians for the children were read a
disclaimer form that described the study and verbal consent was obtained for children
who participated in the study. The study protocol was approved by the University of
Arizona Institutional Review Board (IRB) and the Podor Health District Office where
the study was conducted.

Food Supplements

The PSB was a combination of dehydrated potato granules and a soy protein
concentrate (PROCON™ 2000) in a 6.25:1 ratio. The PSB provided 349kcal/100g
compared with 376kcal/100g for the CSB. The protein contents for the two
supplements were similar with 18.59/100g of protein in the PSB compared with
17.29/100g of protein in the CSB. However, the fat content in the CSB (6.99/100q)
was greater than the PSB (0.99/100g). To ensure an iso-caloric distribution of the
supplements 6.6 kg of the PSB was given to families each month while 6.2kg of the
CSB was distributed. As for the CSB, the PSB was fortified (Table 1) with a vitamin-
mineral premix (Fortitech®). The premix included vitamin A, riboflavin, folic acid,
vitamin B12, iron (iron fumarate), calcium (calcium carbonate) and the nutrient
composition was directly measured by Purina® Labs. It was also determined that the
final product was effectively mixed and there was no settling or separation of the
constituents by taking multiple samples from various places within bags for analyses.
At the time of the food distribution, families from both groups also received two liters
of vitamin A enriched palm oil, and 6.0 kg of lentils.

Families that received the PSB were also provided a demonstration on how to use it to
make porridge. The PSB porridge was based on World Vision’s Broken Bread
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Program’s Recipe for CSB porridge and modified for consistency and taste [11]. The
CSB porridge recipe used 130g CSB, 750-1000g water, 13.6g oil, 3g salt and 100g
sugar or to taste. The PSB porridge was made with 290g PSB, 1250-1500g water, 15¢
oil, 5g slat and 120g sugar or to taste. A 100g serving was calculated to provide
97.0kcal consisting of 12% protein, 9% fat and 79% carbohydrates. Compliance to
the use of the food supplements was monitored with home visits. A total of 80
homes were visited during the study and these visit made visual observations and
verified that rations were not shared with other families.

At the start of the study, a plan was laid out to minimize any sharing of supplements
between families. The field staff provided instructions to the families that the use the
food supplements was only for the children who were being targeted by the program.
Cross-contamination was controlled by limiting one child per mother to enter the
study. However, an additional ration was also given if a second child was also
malnourished but the growth of this child was not monitored for this study. It was
clear it would be too difficult to try to keep track of multiple children in the same
household and make sure they all received the same type of ration (CSB or PSB).
More importantly, families were told that they would be expelled form the study for
selling or exchanging the food for other items. However, this study did not directly
measure the substitution effect of food aid. Sharing of food within households surely
happened and was documented with home visits and interviews, but the extent is not
known. It was not known that in 80% of the homes visited, the supplement was used
within the first 2 weeks of the month.

Data Collection

Trained community health workers obtained basic demographic information from the
mothers including child’s name, mother’s name, date-of-birth, sex, and village of
residence. The community health workers questioned the mothers in Pular or French
and then recorded their responses in French. The mothers were also questioned about
the child’s recent history of infection, specifically if the child had had any episodes of
diarrhea, fever, or respiratory illness within the previous week and the responses were
recorded as yes or no. In addition, they were asked when the last time the child had
taken anti-parasitic medication as the maternal and child health program provided de-
worming medicine every six months.

After the questionnaire was completed, the child’s measurements were taken as
described by the World Health Organization (WHO) [12]. Children were weighed
wearing light clothes to the nearest 0.1kg using a digital SECA® 872 scale that used
load cells. Weights were recorded on the child’s intake form that also contained
information concerning identity and village of residence. Height measurements were
taken using a Schorr® measuring board in order to determine a child’s height or
length. If the child was less than 24 months of age, then the child’s length to the
nearest mm was taken. If the child was greater than 24 months of age or older, then
the child’s height to the nearest millimeter was taken. MUAC measurements were
also taken to the nearest millimeter using a measuring tape.
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Many of the mothers were not certain about their child’s date-of-birth, recent history
of infection, or the last time their child received anti-helminthic medication. The
inaccuracy of birth dates was a main concern because two out of three of the
indicators used for malnutrition rely on accurate age information (weight-for-age and
length/height-for-age). Some mothers believed that their child was more likely to be
in the study if they were younger and thus may have understated their ages.
Interestingly, this would have disqualified many children from the study due to
artificially increasing their WAZ. We were able to minimize this problem by using the
expertise of the clinic personnel who had access to birthdates from clinic records. It
was also possible to determine inaccuracies after calculating z-scores and determining
any incongruence between WAZ, HAZ and WHZ values. This allowed the research
team to follow-up with mothers and the clinic the next month to make the appropriate
changes to their age in our database and to re-calculate z-scores.

Data Management and Analysis

EPIINFO (Version 3.5.1) was used to enter data from questionnaires. The ANTHRO
program within EPI INFO (Version 1.02) version was used to calculate the
anthropometric z-scores based on the WHO/CDC standards [13]. The EPIINFO® data
set was then transferred to a Stata® statistical software package (Version 8.2) which
was used for the statistical analysis. Mean values for WHZ, WAZ, HAZ and MUAC
were compared for the two groups at baseline and the changes in the anthropometric
z-scores. A longitudinal mixed effects model was used to analyze the data using the
xtmixed command and having age at entry, sex, and location as the fixed variables.
Growth was assessed over the four measures and we checked for a ration by period
interaction. Random and fixed affect models were compared. The number of missing
visits was determined to be random and not different between the two ration groups.
Only 4 children missed a total of 2 visits, the others missed only 1 visit and these were
evenly distributed across visits 2, 3 and 4.A second analysis for this report is limited
to a subset of 280 children with complete records. The decision to restrict an analysis
to this group was made to ensure that the children compared had received equivalent
amounts of ration over the four month period. Comparisons within and between
groups for this subset were made with ANOVA to control for health status at baseline,
location, sex, and age.

RESULTS

The study recruited 345 children with 178 assigned to receive CSB supplemental
rations and 167 assigned to children assigned to receive the PSB supplemental rations.
The mean age was 35.7 £ 10.7 (SD) months (range 18-57 months) and 57.1% were
female and 42.9% were males. There were no significant differences in these values
between the two groups. The number of missed visits appeared random and there was
no difference in the distribution of missed visits between the two groups. Tables 2
and 3 present the initial mean anthropometric measurements based on the sex, age
group, and initial health status of for the PSB and CSB groups. There were no
significant differences in these values. Log likelihood models determined that a
longitudinal fixed-effect model was the best to show changes in growth compared to
random-effect models. Time period was associated with a significant increase for
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weight, height, MUAC, WAZ and HAZ but not for WHZ. Ration type was not
associated with the growth of children in any of the models. Older children had a
greater increase in their weight, height and MUAC during the study. However,
younger children had the greatest gain for HAZ. Boys had the greatest gain in weight,
and height and for WHZ, but not for any of the other anthropometric measures.

Figure 1 illustrates the children who attended 100% of all the visits [14].In total, 33
children from the CSB and 32 children from the PSB group were dropped from the
sub-study for having missed one or more visit. Many of these children were refugees
from Mauritania and were reported as repatriated to their country. There were no
significant differences in mean age, sex, baseline anthropometric measures or baseline
reports of diarrhea, respiratory infection or fever between those who completed all
aspects of the study and those who did not.

Total Sample of Households
Recruited
{n 345,

2

Potato-Soy Blend Corn-Soy Blend
(n 167) (n178)

Y L 4
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Figure 1: Consort diagram indicating children who participated in the study

There were few differences between the intervention groups at baseline for this subset
(Table 4). The mean WAZ for the CSB group was -2.46+ 0.05 (SE) compared with -
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2.45% 0.05 (SE) for the PSB group. The only significant difference was that the CSB
group had a slightly greater prevalence of fever at baseline. However, this pattern did
not continue into the following months and no significant differences in the rates of
infection between the two groups were seen at any other time.

The mean WAZ, WHZ and HAZ values increased across all children and within each
supplement group (Table 5). The mean MUAC measurement also increased across all
children but there was no significant difference within either group. The growth
between boys and girls were nearly identical regarding the changes in their
anthropometric z-scores as a total group or within the supplement groups. Children
with low initial WAZ (z-score < -2.0) significantly increased their WAZand WHZ
values more than those whose initial values with higher scores (data not shown).
Nonetheless, children who had an initial WAZ that was > -2.0 also significantly
increased (p < 0.05) their WAZ by 0.11 units (SE 0.04). Similarly, children with an
initial WHZ > -2.0 significantly increased (p < 0.01) their WHZ by 0.13 units (SE
0.04) over the course of the study. There was no difference in the HAZ for those
children who had an initial HAZ > -2.0.

The percent of children with a WAZ < -2.0 significantly (p< 0.01) decreased from
79.3% to 62.9%. Similarly, there was a significant decrease (p < 0.01) in the percent
of children with a WHZ < -2.0 from 45.7% to 31.1% over the four-month period. The
percentage of children with low HAZ values remained the same during this time
period at 32.9%.

In regards to the overall purpose of this study, the absolute changes for the mean
weight, height and MUAC values were not significantly different between the two
groups over the study period (Figure 2). Similarly, there was no significant difference
in the changes for the mean WAZ, WHZ, and HAZ values between the two
supplement groups (Figure 3).
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Figure 2: Changes in weight, height and mid-upper arm circumference (MUAC)
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DISCUSSION

The study was conducted with children who lived in poverty, were at risk for
infectious disease, lacked an appropriate quantity and quality of food and qualified for
a USAID funded food aid program. This study focused on the direct recipients of
food aid, malnourished children whose food resources were supplemented with
additional food. The primary outcomes indicated that the growth of children
improved by participating in the program and that there were no differences between
the two rations in regards to the improvement in the growth of the children.

Evidence exists that food aid has not been a disincentive for food production for the
recipients of food aid [15]. The current study provides evidence that providing food
supplements appears to contribute positively to children’s growth over the four-month
period. The current results provide evidence that food aid programs that distribute
monthly rations can have a significant beneficial effect on the lives of children. The
improvement in growth was, at least, partly due to targeting undernourished children
[17-19]. The positive outcomes from this study in the overall growth of children, does
support that targeted food supplement programs can be an important component of a
comprehensive approach to improving the nutritional status of a region or nation
when combined with improved primary care, increased water and sanitation, and
broad economic reforms that focus on poverty reduction [20].

This study also directly responded to the need for additional and improved fortified
blended foods [21]. Most studies at this time are comparing the composition of
blended foods but not how they differ in their effect on the growth of children [21].
Since this study was conducted through the local public health system, the community
approach to managing malnutrition was incorporated throughout this study as
recommended by WHO [22]. The use of a potato-based supplement also had a high
value within this population and was a culturally appropriate alternative to the CSB. It
was well accepted because potatoes are often part of the diet but only when families
can afford to purchase them.

The PSB was also chosen as a food that would be more easily digested since it has
less fiber than the CSB and lead to less discomfort by children. Families used less
fuel to prepare the PSB compared with the CSB since the cooking time is significantly
reduced with the PSB. This was consistently reported as an advantage for the families
who used the PSB.

One could extend these results and suggest that creating better local agriculture and
manufacturing infrastructure to increase local availability of potato and soy products
could be encourage to develop an industry for producing PSB. Potato, especially
sweet potatoes are grown extensively throughout Africa. It also suggests that if a
region or country goes this direction with their development plans that they also need
to develop methods to decrease post-harvest loss that can allow these foods to be used
at a later date [23-25].
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The primary purpose of this study was to compare the two food rations and the study
design was chosen to evenly distribute any bias that could have occurred. The major
strength of this study lay in the fact that it was an applied study on the effectiveness of
the two rations within an on-going food aid program. Even with the randomization,
we determined that it would be important to control for several fixed variables.
Previous studies have shown the response to interventions differ by initial age and sex
of the children. We also controlled for current health status due to its association with
future growth [26].

This study design provided for balance with regards to the children’s baseline
characteristics. Researchers do not have any reason to believe that sharing of food or
the food substitution would be different between the two groups. This analysis was
also restricted to children who received their food supplements at each visit over the
four-month study period. Knowing that both groups had the same dose of the
supplements, the results from the study support the outcome that both groups had an
equal positive effect on the growth rate of the sample population. It was a field-based
study and therefore the results can be used to show the effectiveness of the
intervention beyond what would be known about the efficacy from a random clinical
trial.  Thus, the results may be extrapolated to have similar outcomes for children
who participate in targeted food distribution programs.

CONCLUSION

This study indicated that the growth of targeted children who participated in a food
aid program did improve indicators of growth over a four-month period. The study
also demonstrated that there was no difference between those children who received
the PSB or CSB as part of their monthly food rations. As a randomized trial, the
results of this study support using a PSB supplement within food aid programs to
improve nutritional impact.
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Table 1:Nutrient composition of rations

Nutrient (per 100g) Potato-Soy" Corn Soya Blend*
Energy (kcal) 350.1 380
Protein (Q) 18.5 14%
Fat (g) 0.9 6%
Vitamin A (IU) 1554.0 1414-1914
Thiamin (mg) 0.128 0.108-0.147
Riboflavin (mg) 0.448 0.380-0.515
Niacin (mg) 4.8 4.1-5.5
Folate (ng) 60.0 51-69
Vitamin C (mg) 48 41-55
Vitamin B12 (pg) 1.2 1.0-1.4
Iron (mg) 8 7-9
Calcium (mg) 100 84-115

'Chemically determined by Purina®.

’Recommended ranges from the World Food Program (http:/foodquality.wfp.org).
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Table 2: Baseline characteristics with initial anthropometric measures

Weight Height MUAC
kg cm
PSB CSB PSB CSB PSB CSB

Sex

Boys 112+13 11.0+17 89.5+6.0 89.0+75 14.0+£09 140%1.0

Girls 106+15 108%15 86.8+7.4 878+7.2 140+£09 141+0.9
Age
< 24m 9.2+0.8 9.1+1.1 79.4+3.2 799+39 139+06 134%1.0

24-35m 10.3+1.1 101+11 84.7+4.6 842+45 140+£08 140%0.8

36-47m 115+09 11.6+1.3 91.3+4.1 924+50 143+£09 142+0.8

>48m 127+12 126+1.0 97.2+4.8 975+31 142+11 142+11
Diarrhea

Yes 109+15 10.7+1.4 87.9+6.6 87.1+65 141+09 140%1.1

No 109+14 11017 88.1+7.2 89.4+78 142 08 141+0.8
ARI

Yes 11.1+15 108%1.38 89.2+7.4 88.1+75 14.0+£09 140%0.9

No 108+14 10915 87.3+6.6 886+7.2 142+08 141+0.9
Fever

Yes 108+14 109%1.6 88.0+7.2 885+74 140+10 140%0.9

No 11.0+£15 10916 88.0+6.6 88.2+7.2 142407 141+09
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Table 3: Baseline characteristics with initial anthropometric z-scores

WAZ HAZ WHZ
Z-score Z-score Z-score
PSB CSB PSB CSB PSB CSB

Sex

Boys -23+0.6 -2.3+0.8 -1.8+1.0 -15+1.1 -1.5+0.7 -1.8+0.7

Girls -2.3+0.6 -2.2+0.6 -1.8+1.0 -1.7+1.0 -1.5+0.7 -1.7+0.6
Age
<24m -20+0.6 -2.3+0.8 -1.7+0.9 -16+1.2 -1.5+0.6 -1.8+0.7

24-35m  -2.2+0.7 -2.3+0.7 -15+1.2 -1.6+1.0 -1.5+0.7 -1.5+0.6

36-47m -2.3+0.6 -2.2+0.7 -1.9+1.0 -16+1.2 -1.6+£0.7 -1.7+0.6

>48m  -2.3x0.6 -23+0.6 -1.8+1.0 -1.7+0.7 -1.7+0.7 -1.7+0.8
Diarrhea

Yes -2.3+0.6 -2.2+0.7 -1.7+1.1 -1.6+1.0 -1.6+£0.7 -1.6+£0.7

No -2.2+0.6 -23+0.7 -1.7+1.1 -16+1.1 -1.5+0.6 -1.7+0.6
ARI

Yes -21+0.6 -2.2+0.8 -15+1.0 -16+1.1 -1.6+£0.7 -1.6+0.6

No -23+0.6 -23+0.6 -18+1.1 -1.6+1.0 -1.5+0.6 -1.6+0.7
Fever

Yes -2.3+0.6 -2.2+0.7 -1.7+1.1 -15+1.1 -1.6+£0.7 -1.6+£0.7

No -2.2+0.6 -23+0.6 -1.7+1.0 -1.7+1.0 -1.5+05 -1.6+0.6
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Table 4: Baseline characteristics of subest of children with 100% attendance

Supplement Groups

CSB (n 145) PSB (n 135)
Baseline Characteristics mean + 1SE mean = 1SE
Age (months) 35.7+0.85 36.0 £ 0.86
MUAC (cm) 14.0 £ 0.07 14.1 +0.07
WAZ -2.46 £ 0.05 -2.45+0.05
HAZ -1.58 £ 0.08 -1.71+£0.10
WHZ -1.92 £ 0.06 -1.84 £ 0.06
WAZ <-2.00 (%) 78.6 80.0
HAZ <-2.00 (%) 29.0 37.0
WHZ <-2.00 (%) 46.2 45.2
Male (%) 43.4 46.7
Presenting with:
Respiratory illness (%) 22.1 29.6
Diarrhea (%) 37.9 34.1
Fever (%) 66.9* 51.1*

*p<0.05
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Table 5: Baseline and final follow-up at 4 months in children completing 100% of

Visits
Anthropometric Measurements
WHZ WAZ HAZ MUAC (cm)

Study Groups (n) Mean+1SE Mean+1SE Mean+1SE Mean £ 1 SE
Total (280)

Baseline -1.89+0.04 -246+004 -164+-0.06 14.10+0.05

4-Month -1.62+0.04 -221+0.04 -155+-0.06  14.18+0.05

Difference 0.26 +0.04° 0.24+0.03°  0.09+0.02° 0.08 + 0.04
CSB (145)

Baseline -1.92+0.06 -246+0.05 -1.58+0.08 14.08 + 0.08

4-Month -1.64+0.05 -221+005 -1.51+0.08 14.19 + 0.07

Difference 0.28+0.05° 0.25+0.04° 0.07+0.03 0.10 £ 0.05
PSB (135)

Baseline -1.85+0.06 -245+0.05 -1.71+0.10 14.12 + 0.08

4-Month -1.60+0.06  -222+0.05  -1.59+0.09 14.18 + 0.08

Difference 0.24+0.05° 024+0.04° 0.11+0.03° 0.06 + 0.06

8 p value <0.001 using paired t-test between baseline and follow-up measures
* p value < 0.05 using paired t-test between baseline and follow-up measures
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