Appendix 2: 
WCDO IFRP Nutributter Data Analysis

Method
At each distribution, children received a 30-day supply of Nutributter (20g per day).  Caregivers were provided with simple nutrition and hygiene messages along with instructions on how to administer the Nutributter to their children.

Before the start of the program, staff were trained or provided retraining on measuring children using MUAC tapes.  The child's age was recorded at initial registration.  Children were measured using MUAC strips at every contact - during initial registration and at each distribution.  However, there was significant population movement during the program period.  Some children received only one distribution of Nutributter before being lost to the program.  At the same time, children of the appropriate age who had not previously been registered were added at every distribution.  During the final distributions, some children received their first ration of Nutributter while others received their second, third or fourth ration.  Times between distributions also varied, and average times were used. 

Data was analyzed using Stata IC version 12.
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The scattergraph in Figure 1 shows all MUAC points recorded, though some 3rd and 4th distribution points obscure some 1st and 2nd points in the later periods.  Measurements were taken of all children at registration and of a sample at each distribution.  The general trend in nutrition levels throughout is fairly flat until the final group where we can see the seasonal improvement in nutritional status due to the harvest.  It is interesting to note that there does not appear to be a notable downward trend during the hunger gap.  The blue represent children at registration and the red dots are those just receiving their first distribution but who had not yet consumed any Nutributter.  They are therefore likely to be representative of the unserved population.

As can be seen, registration and distributions were carried out during four separate periods of time.  Measurements were grouped according to these four periods.  New children were registered during each period as they entered the program area or as word of the program reached them.  At the same time, children moving out of the program or simply failing to show up at distributions were missing from specific periods.  This means that during each period, there were children who had received different numbers of rations of Nutributter over differing periods of time.  The most any one child received was four 30-day rations.

At the same time, the length of time between distributions varied considerably.  Thus, two children who received the same number of rations may have gone different lengths of time between distributions of the same 30-day rations.

At each distribution, a random sample of children was measured.  As we see in Table 1, of the 5333 children presented during the initial registration period, almost all were measured.  Of the 5323 children receiving their first distribution of Nutributter, 618 were measured.  Of the 3960 children who received a second distribution, 1659 were measured.  And so on.  

	# Distributions Received
	# of Children Present
	# of Children Measured

	Registration
	5333
	5268

	1
	5323
	618

	2
	3960
	1659

	3
	1977
	1102

	4
	303
	147


			      Table 1: Size of population served and the sample measured
Most children were initially measured in March or April, during registration, and then were measured again at their first distribution during the period mid-May to Mid-July.  Many children not shown here were initially measured during the early registration period, but did not appear for any of the distributions.  Only initial registration measurements for those children who eventually received at least one distribution of Nutributter were used in the calculations.  The first two lines of Table 1 record children's MUAC measurements before consuming Nutributter were therefore used as controls for the periods in which they were measured.  

There was no significant correlation between age and MUAC scores, perhaps due to the inaccuracy of reported ages.  There was a significant correlation between season (period) and the MUAC measurements.  The seasonal differences are accounted for by using as a control children being measured during the same period but before receiving their initial rations of Nutributter. 

During the last two periods, from 15 August to 15 October, we are able to compare children who had received and consumed no Nutributter with those who had consumed 1, 2 and 3 doses.  Focusing on this period, we find there is a dose-response effect with significant differences in MUAC scores between those who did not receive any Nutributter, and those receiving distributions of Nutributter.    

Table 2 shows that after only one 30-day ration of Nutributter, children had MUAC scores of 14.4265 compared to the controls measured during that same period who had scores of 14.0957.  After two distributions of Nutributter, MUAC scores increased to 14.4187, and after three distributions to 14.8116.

This means that after three distributions of a 30-ration of Nutributter covering an average of 141 days (with about 204 days between initial and final measurements), children had increased their MUAC scores by more than 0.7 over those who did not receive any Nutributter during that same period.  

	After # of distributions
	Mean MUAC score in cm
(SD)
	95% Confidence Interval
	Significance of difference to 0 distributions

	0
	14.0957 (1.2)
	13.9896 - 14.2018
	

	1
	14.4265 (1.3)
	14.1961 - 14.3336
	P < 0.001

	2
	14.4187 (1.3)
	14.3438 - 14.4936
	P < 0.0001

	3
	14.8116 (1.1)
	14.6284 - 14.9948
	P < 0.0001


Table 2: Mean MUAC scores of children receiving different numbers of distributions
The average age at registration in March and April was about 14 months, with a mean MUAC of 13.9976cm (1.2), almost identical to the measurements of children being registered during the final two periods.  

According to MUAC-for-age (de Onis, Yip, & Mei, 1997), this is slightly below the -1SD cut-off of 14.3 for children 14 months old.  After approximately 7 months, children receiving three distributions (90 days worth of Nutributter) had reached a mean MUAC of 14.8, slightly above the -1SD cut-off of 14.7 for children now about 21 months old, demonstrating a certain amount of catch-up growth, even during the hunger gap. 
Malnutrition Rates
One of the objectives of this program was to prevent children from falling into malnutrition during the hunger season, that is, to prevent an increase in GAM prevalence among children receiving Nutributter.  Below is a table comparing the children who consumed any Nutributter with those that who had none. 

	
	Some Nutributter
	No Nutributter

	Period
	cases
	sample (n)
	GAM
	cases
	sample (n)
	GAM

	1
	0
	0
	N/A
	288
	3290
	8.8%

	2
	5
	236
	2.1%
	163
	2083
	7.8%

	3
	167
	2301
	7.3%
	43
	496
	8.7%

	4
	5
	369
	1.4%
	0
	17
	0%


Table 3: GAM prevalence among the served population
As would be expected, prevalence is highest during Period 3, the late hunger season, and is lowest during the harvest in Period 4.  The varying amounts of Nutributter were insufficient to prevent all malnutrition during the hunger gap, though it measurably reduced it.  

Focus group discussions with families in the targeted regions showed that small children's diets contained sufficient calories in general, often had sufficient protein, but were nearly always poor in micronutrients, especially iron, zinc, iodine and vitamin A.  The provision of these micronutrients to children during a period in their lives typical of very rapid growth appears to have made a significant difference and provided some limited catch-up growth.

Limitations 
In this analysis, only the consumption of Nutributter, the MUAC measurements, the age of the child, the season, and the amount of time between measurements was available for analysis.  Other very important factors such as other assistance families received, representativeness of the sample, access to health care and general wealth could have had an impact on the observed changes in MUAC.  The fact that children were being registered during each distribution presented a convenient control, but it is possible these children differed from the other children in some way that would have affected the comparison.  For example, if they had not previously been registered because they were only arriving, they may have been made more vulnerable by the move.  It is therefore difficult to attribute to Nutributter the full difference between the children served and the controls.  In future, such additional information would be useful.

Mothers received nutrition and hygiene education as they were being registered and as they received each distribution of Nutributter.  It is hoped that this also accounted for a portion of the changes in MUAC.

As the mean MUAC score was about 1SD below the reference, there is strong evidence of chronic malnutrition in the region.  The amounts of Nutributter consumed by children were far less than originally intended during the program design.  It would have been interesting to note if the dose-response effect would have continued at the same rate beyond the recorded 3 doses, to encourage further catch-up growth during the rest of the year. 

The original intention was to start the children on Nutributter well before the start of the hunger gap so they could enter the hunger gap replete in micronutrients and thereby avoid some of the injury of malnutrition.  Unfortunately, most children started in the middle of the hunger gap and this likely significantly reduced the effect of the Nutributter.

[bookmark: _ENREF_1]de Onis, M., Yip, R., & Mei, Z. (1997). The development of MUAC-for-age reference data ercomended by a WHO Expert Committee. Bulletin of the World Health Organization, 75(1), 11-18. 
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