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1 | INTRODUCTION

Micronutrient deficiencies affect an estimated two billion people
globally (Investing in the Future, 2009). Children under 5 years are
especially vulnerable; at least, half of children 6-59 months suffer from

one or more micronutrient deficiencies (Investing in the Future, 2009).

Abstract

We evaluated predictors of micronutrient powder (MNP) sachet coverage and recent
intake using data from a cross-sectional survey representative of children aged
12-23 months in Amuria district, Uganda. In June/July 2016, caregivers were
interviewed 12 months after implementation of an integrated MNP and infant and
young child feeding pilot (N = 761). Logistic regression described predictors of
(a) high-MNP sachet coverage (received at least 60 sachets/6 months) and (b) recent
intake (consumed MNP during the 2 weeks preceding the survey) among children
who had ever received MNP and had complete data (N = 683). Fifty-nine percent
(95% Confidence Interval [CI] [53.8, 64.2]) of children had high-MNP sachet coverage,
and 65.4% (95% Cl [61.0, 69.9]) had recent intake. MNP ration cards (Adjusted Odds
Ratio [AOR] 2.67, 95% CI [1.15, 6.23]), organoleptic changes to foods cooked with
soda ash (AOR 1.52, 95% CI [1.08, 2.14]), having heard of anaemia (AOR 1.59, 95%
Cl [1.11, 2.26]), knowledge of correct MNP preparation (AOR 1.89, 95% CI [1.11,
3.19]), and current breastfeeding (AOR 2.04, 95% Cl [1.36, 3.08]) were positively
associated with MNP coverage whereas older child age (18-23 vs. 12-17 months)
was inversely associated with coverage (AOR 0.32, 95% CI [0.23, 0.50]). MNP ration
cards (AOR 2.86, 95% Cl [1.34, 6.09]), having heard an MNP radio jingle (AOR 1.40,
95% ClI [1.01, 1.94]), knowledge of correct MNP preparation (AOR 1.88, 95% ClI [1.04,
3.39]), and the child not disliking MNP (AOR 1.90, 95% CI [1.13, 3.22]) were positively
associated with recent intake. Interventions that increase caregiver knowledge and skills

and focus on older children could improve MNP coverage and recent intake.
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In many low-resource settings, complementary feeding practices are
insufficient to meet the nutritional needs of young children due to
low dietary diversity, low-nutrient density of complementary foods,
and low-nutrient bioavailability. The World Health Organization
(WHO) recommends home-based fortification as a low-cost intervention

to prevent iron deficiency and anaemia in children 6-23 months
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(WHO, 2011, 2016). With home-based fortification, caregivers mix a
single-serving packet of micronutrients—also known as micronutrient
powders (MNP)—into a child's usual soft or semi-solid food.

Because it can be mixed into a child's typical home diet, adding
MNP is often seen as an “easy” solution to address micronutrient defi-
ciencies. However, MNP programmes rely on caregivers adopting a
complex series of behaviours. According to the Information, Motiva-
tion, Behavioural Skills theory, knowledge and skills alone are not suf-
ficient for behaviour change (Fisher & Fisher, 1992). Caregivers must
additionally be motivated to initiate, sustain, and ultimately adopt
new behaviours. Although sustained behaviour change is a key com-
ponent of many public health interventions, motivation can be difficult
to maintain (WHO, 2003). Identifying effective behaviour change
strategies leading to adoption of new health behaviours and mainte-
nance of these behaviours over time is a key component to achieving
desired health outcomes. In the context of MNP interventions, it is
crucial to identify factors associated with caregivers: (a) obtaining suf-
ficient MNP sachets (MNP coverage) initially and over time and (b) ini-
tiating and continuing to prepare and serve their children foods mixed
with MNP overtime (sustained intake; Tumilowicz, Schnefke, Neufeld,
& Pelto, 2017).

There has been a proliferation of MNP programmes in recent
years. As of 2015, 65 countries had implemented MNP programs,
reaching more than 10 million children under 5 years (UNICEF,
2017). Despite the multitude of MNP programmes with different
strategies and at different stages of the project life cycle, relatively
few studies have explored predictors of MNP coverage or adherence
(Angdembe, Choudhury, Haque, & Ahmed, 2015; Jefferds et al.,
2015; Mirkovic et al., 2016; Kodish, Rah, Kraemer, de Pee, &
Gittelsohn, 2015; Locks et al.,, 2017). Although some evidence has
been summarized (Sunley et al., 2017; Olney, Rawat, & Ruel, 2012),
a larger evidence base is needed to inform scale-up and sustainability.
Specifically, the field needs a better understanding of how
programmes achieve sustained coverage and intake not only in the
context of well-resourced pilots but also to inform developing lower
resource models that are feasible for scale-up in multiple settings.

In 2015, the Uganda Ministry of Health (MoH) in collaboration
with the United Nations World Food Programme (WFP) implemented
a pilot programme to promote and distribute MNP along with infant
and young child feeding (IYCF) counselling in Amuria and Katakwi dis-
tricts in Eastern Uganda. The aims of the pilot were to reduce the
prevalence of anaemia and other micronutrient deficiencies as well
as improve IYCF practices among children 6-23 months. The impact
evaluation only occurred in Amuria district but not Katakwi district
due to limited funding.

Using data from the pilot's end line evaluation survey collected
12 months after programme implementation in Amuria, the objectives
of this analysis were to determine predictors of high-MNP coverage
and recent intake among children 12-23 months. We examined vari-
ous factors expected to influence both outcomes, including MNP dis-
tribution channels; exposure to intervention package components;
IYCF and MNP knowledge, practices, and experiences; and sociocul-

tural and demographic indicators. By identifying modifiable factors
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Key messages

e In settings with limited resources and where front-line
health workers have heavy workloads, understanding
which activities and behaviour change communication
channels are critical to influence micronutrient powder
(MNP)
programme planners design effective, low resource

sustained coverage and wuse can help

intervention packages.

e Behaviour change interventions that increase caregiver
knowledge, skills, and demand, and focus on older
children are modifiable actions that could improve
repeat coverage of MNP sachets and recent intake of
MNP in Eastern Uganda.

e Future research should explore factors associated with
organoleptic changes to foods mixed with MNP,
including food preparation and cooking methods,
product quality, integrity of MNP packaging, and
micronutrient absorption.

associated with MNP coverage and recent intake, lessons learned
from the district-level pilot could inform a wider application and imple-
mentation of the intervention in other districts or at the national-level

while contributing to the global evidence base for MNP programs.

2 | METHODS

2.1 | Pilot programme integrating MNP into an
infant and IYCF programme in Amuria and Katakwi
districts

The 12-month IYCF/MNP pilot project, started in July 2015, in Amuria
and Katakwi districts had two major components. The first was to
ensure the MNP supply chain from procurement through delivery to
caregivers. The second focused on caregiver behaviour change to
motivate optimal IYCF practices for children under 2 years and to gen-
erate demand for MNP—free of charge—for children 6-23 months of
age according to a schedule of one box of 30 sachets every 2 months.
To support a behavioural pattern of regular MNP receipt and intake,
messaging suggested giving the child one sachet mixed into their food
every other day. The pilot also focused on counselling and messages
regarding appropriate preparation of food mixed with MNP. As part
of the MoH and MNP Technical Working Group, formative data col-
lection (e.g., a situation analysis, MNP package development, and a
20-day MNP acceptability study [UBC et al., 2014]) was carried out
to create an evidence-based and tailored intervention prior to the
development and implementation of the MNP pilot. This formative
research was used to develop a behaviour change strategy for the
IYCF/MNP project that was operationalized in multiple Ugandan dis-
tricts piloting MNPs, including Amuria and Katakwi.
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The MNP project implementation in Amuria and Katakwi was
Andre Food (AFC; https://
andrefoodsinternational.org/), an implementing partner contracted

supported by Consults
by WFP during the yearlong pilot period. Multiple stakeholders man-
aged the MNP supply chain. WFP procured the MNP (Hexagon
Nutrition, Tamil Nadu, India and DSM Nutritional Products, Basel,
Switzerland), whereas the MoH managed the storage. Health facility
staff and village health teams (VHTSs) in Amuria and Katakwi carried
out the monthly MNP distribution with support from AFC staff.
The MNP, locally branded as Vitamin and Mineral Powder, was deliv-
ered through two channels: MoH outreach sites (government out-
posts and health centres) and community-level distribution led by
VHTs (central locations in villages or home delivery). AFC produced
monthly distribution reports and used the data to monitor implemen-
tation and adjust the distribution as necessary to maximize coverage.
At the start of the pilot, the IYCF/MNP programme used existing
MoH outreach sites for MNP distribution. After the first project
quarter, AFC created new outreach sites, and VHTs delivered MNP
to caregivers who missed scheduled distribution at outreach sites.
During distribution, caregivers received counselling on the proper
preparation of food mixed with MNP, the MNP dosing schedule,
and locally tailored optimal IYCF practices, including food prepara-
tion demonstrations. Caregivers received an MNP sticker, pro-
gramme brochure, and ration card to document the date(s) MNP
was received and the date to return for the next box of MNP. Care-
givers also received an MNP adherence card where caregivers could
mark checkboxes to help track the days the child consumed MNP.

MoH staff and VHTSs received training on the IYCF/MNP inter-
vention package including IYCF and MNP counselling messages to
be delivered to caregivers at MNP distribution and elsewhere oppor-
tunistically. The pilot used mass media (radio jingles, brochures,
stickers, and posters) and partnerships with VHTs, women groups,
and others to disseminate messages about [YCF and MNPs.

2.2 | Study population

We used data from a population-based cross-sectional survey repre-
sentative of children 12-23 months in Amuria district in Eastern
Uganda. The survey was the second of two sequential cross-sectional
surveys (pre-intervention and post intervention), designed to evaluate
programme process indicators and changes in the prevalence of anae-
mia, iron deficiency, and vitamin A deficiency 12 months after
implementing an integrated MNP/IYCF pilot programme in an inter-
vention and a non-intervention (comparison) district. Our analyses
used end line data collected in June-July 2016 from the intervention
district. The survey was led by Makerere University School of Food
Technology, Nutrition and Bio-Engineering with technical assistance
from the United States Centers for Disease Control and Prevention
(CDC) and oversight of the WFP and the MoH.

Using a multistage cluster sampling design, 38 census enumera-
tion areas were randomly selected using probability proportional to

population size. Enumerators completed a census in each selected
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cluster and then randomly selected 22 children ages 12-23 months
from each cluster. There was no replacement of clusters or children
for any reason. Of the 806 eligible children in the selected clusters,
761 (94.4%) caregivers consented to participate. Of those, 689
(90.5%) reported having ever received MNP for their child. We
excluded six children (<1.0%) due to missing information on the

variables of interest, for a final analytic sample of 683 children.

2.3 | Data collection and variable specification

Data were collected from caregivers using a pretested interviewer-
administered questionnaire on sociodemographic characteristics,
household assets and housing characteristics, food security, child's
sex, age, dietary consumption the day preceding the survey (WHO
IYCF food groups), and 2-week morbidity (fever, cough, and diar-
rhoea), frequency of contact with health facilities and VHTs, exposure
to the MNP pilot and its behaviour change communication channels,
IYCF and MNP knowledge and practices, and perceptions of and expe-
riences with MNP.

Child weight was measured to the nearest 100 g using an elec-
tronic SECA 874 digital floor scale (UNICEF Electronic Scale or
Uniscale). Recumbent length was measured to the nearest 0.1 cm
using a standard length board (Shorr-Board brand). We calculated
length-for-age, weight-for-age, and weight-for-length Z using the
WHO child growth standards (WHO, 2006). Stunting, underweight,
and wasting were classified as length-for-age, weight-for-age, and
weight-for-length <-2 SD, respectively (WHO, 2006).

231 |
intake

Outcomes: MNP sachet coverage and recent

According to the WHO recommendation when the pilot was designed,
children should consume at least 60 sachets every six months (WHO,
2011). High-MNP sachet coverage was defined as receiving at least
the minimum recommended number of sachets during the pilot year
per the WHO guideline based on self-report (‘How many times have
you ever received MNP [box of 30 sachets] for the child?”). We calcu-
lated the expected number of sachets received over the 12-month
pilot based on the child's age at the time of data collection, assuming
the child began receiving MNP as soon as he was eligible (i.e., at the
start of the intervention or at age 6 months, whichever came later)
so that children 12-15 months receiving >60 sachets, children 15-
17 months receiving >90 sachets, and children 18-23 months receiv-
ing >120 sachets during the pilot year were classified as having high-
MNP sachet coverage.

We defined MNP recent intake as any reported consumption of

MNP during the 2 weeks preceding the survey.

2.3.2 | Predictor variables

We identified potential predictor variables in four categories: (a) socio-

cultural and demographic factors; (b) IYCF and MNP knowledge; (c)
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IYCF behaviours; and (d) exposure to, experience with, and percep-

tions of the MNP intervention.

1. Sociocultural and demographic factors: Child age was categorized
as 12-17 months and 18-23 months. Caregiver schooling was
defined as completed less than primary school versus other level
of schooling. A household asset score was created using principal
components analysis of household assets and housing character-
istics, and then the score was divided into household wealth
tertiles. Severe household food insecurity was defined as house-
holds who often cut back on meal size or number of meals
and/or ever experienced any of the three most severe conditions
(Ballard, Coates, Swindale, & Deitchler, 2011). Improved water
source was defined as piped water, tube well borehole, protected
well or spring, stone tap, rainwater, or bottled water (WHO and
UNICEF, 2017).

2. IYCF and MNP Knowledge: Proxy indicators for general IYCF
knowledge (yes/no) included the appropriate age to introduce
complementary foods, the recommended number of meals per
day per the national guidelines, ever heard of anaemia, identifica-
tion of >1 cause of anaemia, identification of >1 sign of anaemia,
ever heard of iron, and ever heard of vitamin A. Proxy indicators
for MNP knowledge (yes/no) included ability to describe MNP
and name >1 potential benefit of consumption and correctly

answering all six questions about MNP preparation.

3. IYCF and MNP Practices: Proxy indicators for general IYCF prac-
tices (yes/no) included child currently breastfeeding, complemen-
tary foods introduced at age 6 months, and the child's dietary
consumption in the day preceding the survey (animal

flesh/organ foods; vitamin A-rich fruits or vegetables; dark, leafy

greens; minimum meal frequency; minimum dietary diversity;
and minimum acceptable diet). Minimum meal frequency was
defined as >3 meals for breastfed children and >4 meals
including milk feeds for nonbreastfed children (WHO, 2010). Min-
imum dietary diversity was defined as intake from >4 of the
seven main food groups (WHO, 2010). Minimally acceptable diet
was defined as minimum meal frequency and minimum
dietary diversity among breastfed children and at least two milk
feeds, minimum dietary diversity not including milk feeds, and
children

minimum  meal nonbreastfed

(WHO, 2010).

frequency among

4. Exposure to, experience with, and perceptions of the MNP interven-
tion: Proxies for caregiver exposure to the MNP program (yes/no)
included contact with the VHT >1 times in the month preceding
the survey, ever received an MNP ration card (documenting the
date[s] MNP was received and the date to return for the next
box), ever received an MNP adherence card (to track days when
child consumed MNP by marking checkboxes), ever received an
MNP brochure, ever heard radio jingle about MNP, heard radio
jingle in the 7 days preceding the survey, and ever received a call
or visit from the VHT as a reminder to collect MNP. Enumerators

asked caregivers whether they had received counselling on MNP
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the first time and the most recent time they retrieved the MNP
sachets (yes/no) and who provided the counselling (VHT, health
centre staff, or AFC staff).

Data were collected about experiences with the MNP pilot the most
recent time caregivers retrieved MNP including who provided the
MNP (VHT delivery to home vs. other distribution method), length
of journey (<30 min, 30-60 min, 1-2 hr, and >2 hr) and wait time
at the distribution location (<30 min, 30-60 min, 1-2 hr, and
>2 hr). Caregiver perceptions of MNP included ease of obtaining
MNP for the child (easy or very easy vs. sometimes or very difficult),
whether the child likes to consume foods mixed with MNP (yes/no),
organoleptic changes in foods mixed with MNP (yes/no), organoleptic
changes in foods cooked with soda ash (sodium carbonate) and
mixed with MNP (yes/no), whether organoleptic changes stopped
the caregiver from serving the food (yes/no), and whether organolep-
tic changes stopped the child from consuming the food (yes/no).
Caregivers were also asked if they observed any positive or negative
effects in the child consuming MNP and if they had difficulties and
motivations in ensuring the child consumed MNP. We classified these
perceptions as >1 positive effects in child versus no positive effects
in child; >1 negative effects in child versus no negative effects in
child; >1 difficulties in ensuring the child consumed MNP versus
no difficulties; and >1 motivations in ensuring the child consumed

MNP versus no motivations.

2.4 | Statistical analyses

We evaluated differences in sociodemographic and health characteris-
tics, perceptions of and experience with the MNP intervention, and
IYCF knowledge and practice by MNP coverage and recent intake
using Rao-Scott chi-square tests. For each outcome, we conducted
bivariate analyses between candidate predictors and the outcome.
For indicators asked to all respondents and where P < 0.05, candidate
predictors were included in the multivariable logistic regression
models. Models additionally controlled for household wealth tertile
and caregiver education. To identify potential collinearity, we used
eigenvalues <0.01 and conditionality index >30.

In 2016, the WHO updated its suggested intake recommenda-
tions to 90 sachets every 6 months (WHO, 2016). We also evaluated
differences in sociodemographic and health characteristics, percep-
tions of and experience with the MNP intervention, and IYCF knowl-
edge and practice by coverage status using the most updated WHO
intake recommendations. Because only 155 received the recom-
mended number of sachets per the 2016 guideline, we were unable
to use regression modelling to evaluate factors associated with cover-
age using the updated definition. Results of the bivariate analyses are
presented in Table SS1-S3.

We conducted all analyses in SAS v.9.4 using PROC SURVEY pro-
cedures (SAS Institute Inc., Cary, North Carolina). The sample was self-
weighted, and all analyses accounted for complex sampling design.

Statistical significance was set a priori at two-sided P < 0.05.



FORD ET AL.

Ethical approval for this survey was obtained from the School of
Biomedical Sciences Higher Degrees, Research and Ethics Committee,
College of Health Sciences, Makerere University, and research clear-
ance was obtained from Uganda National Council for Science and
Technology. Enumerators obtained informed consent from all partici-

pating caregivers for their child(ren).

3 | RESULTS

Overall, 59.0% (95% Confidence Interval [Cl 53.8, 64.2]) of children
received >60 sachets every 6 months during the 12-month pilot
(the recommended dosing according to the 2011 WHO guidelines),
65.4% (95% Cl [61.0, 69.9]) consumed MNP during the 2 weeks pre-
ceding the survey, and 43.5% (95% ClI [38.5, 48.4]) had both high cov-
erage and recent intake (Table 1). In total, 84.6% (95% CI [81.0, 88.2])
of children had received a box of MNP within 2 months of the survey.
Among those for whom MNP receipt was at least 2 months before the
survey (i.e., children who should have consumed all 30 sachets), care-
givers reported 74.3% (standard error 33.6) of sachets had been con-
sumed. Among children who had recently consumed MNP, average
consumption during the 2 weeks preceding the survey was 6.1 (stan-
dard error 2.3) sachets. Nearly three quarters of children 12-
17 months (73.9%, 95% Cl [69.4, 78.5]) had high-MNP coverage rela-
tive to 26.1% (95% CI [21.5, 30.6]) of children 18-23 months
(Table 2).

Caregivers of children with high coverage had higher knowledge
of anaemia compared with caregivers of children with low coverage
in bivariate analyses (75.6%, 95% Cl [69.1, 82.1] vs. 68.8%, 95% ClI
[61.3, 76.3] for ever heard of anaemia; 71.0%, 95% Cl [63.8, 78.1]
vs. 63.2%, 95% [55.7, 70.7] for ability to name at least one cause of
anaemia; Table 3). Knowledge of MNP varied significantly by both
coverage status and recent intake. Although MNP knowledge was
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high in both groups, caregivers of children with high coverage also
had higher knowledge of MNP compared with caregivers of children
with low coverage (97.0%, 95% Cl [95.3, 98.8] vs. 92.9%, 95% CI
[89.7, 96.0] for ability to describe MNP and name at least one poten-
tial benefit of consumption; and 90.6%, 95% CI [86.9, 94.3] vs. 84.6%,
95% Cl [79.4, 89.9] for knowledge of correct MNP preparation). Find-
ings for knowledge of MNP were similar for recent intake.

General IYCF practices were better among caregivers of children
with high-MNP coverage and recent intake relative to children with
low coverage and no recent intake. The prevalence of current
breastfeeding was nearly double among children with high-MNP cov-
erage compared with children with low coverage (66.0%, 95% ClI
[60.4, 71.7] vs. 36.4%, 95% CI [30.3, 42.5]). Further, the percentage
of children consuming minimum meal frequency the day preceding
the survey was significantly higher among those with high coverage
(32.8%, 95% Cl [27.3, 38.3] vs. 19.3%, 95% ClI [13.4, 25.2]) and recent
intake (30.0%, 95% Cl [24.7, 35.3] vs. 22.0%, 95% Cl [16.6, 27.5]) rel-
ative to those with low coverage and no recent intake, respectively.
Twenty-three percent (95% Cl [17.4, 27.8]) of children with high cov-
erage consumed a minimally acceptable diet the day preceding the
survey compared with only 14.6% (95% Cl [10.3, 19.0]) of children
with low coverage.

Caregiver exposure to, experience with, and perceptions of the
MNP pilot are presented in Table 4. Although nearly all caregivers
reported having received an MNP ration card, the percentage was sig-
nificantly higher among caregivers of children with high coverage
(97.8, 95% CI [96.2, 99.3] vs. 94.3%, 95% Cl [91.5, 97.1]) and among
caregivers of children with recent intake (97.8, 95% Cl [96.2, 99.4] vs.
93.6%, 95% CI [90.6, 96.6]) compared with those with low coverage
and no recent intake, respectively. More than half of caregivers of chil-
dren with recent intake (53.5%, 95% Cl [47.9, 59.0]) had ever heard a
radio jingle about MNP compared with 44.1% (95% CI [37.8, 50.3]) of

caregivers of children without recent intake. A larger percentage of

TABLE 1 Micronutrient powder coverage and recent intake characteristics, micronutrient powder and infant and young child feeding inter-

vention end line survey, Amuria District, Uganda 2016 (N = 683)

MNP coverage ?

Low

High

Recent MNP intake °

No

Yes

High coverage and recent intake

Received last box of MNP within 2 months of the survey
% of last box of MNP consumed ©

No. of MNP sachet consumed in 2 weeks preceding survey ¢

n % (95% Cl) or mean (SE)
280 41.0 (35.8, 46.2)

403 59.0 (53.8, 64.2)

236 34.5 (30.1, 39.0)

447 65.4 (61.0, 69.9)

683 43.5 (38.5, 48.4)

539 84.6 (81.0, 88.2)

150 74.3 (33.6)

447 6.1 (2.3)

Note. Values presented are percent (95% confidence interval) or mean (SE). All estimates account for complex sampling design.

?High MNP sachet coverage was defined as reported receiving at least 60 sachets (two boxes) every 6 months during the 12-month pilot—the minimum

recommended dose per the 2011 WHO guideline (WHO, 2011).

PRecent MNP intake defined as reporting any consumption of MNP during the two weeks preceding the survey.

“Among children whose caregivers reported receiving their last box of MNP (30 sachets) at least 2 months preceding the survey.

4Among children whose caregivers reported any MNP intake during the 2 weeks preceding the survey.



(TTOZ ‘pAe|leg) SUOIPUOD 3ISASS ISOU 33JY) Y} JO AUB PadUSLIAXS JIAS JO/PUE S[eaw JO JaquINu JO 9ZIS [eW UO X2Bg IND U930 OYM SP|OYaSNoy Se paulyap Sem A3LNdasUl pooj pjoyasnoy aIaAdS,

FORD ET AL.

(£T0T ‘43DINN pue OHM) 193eM Paj130q J0 ‘Jaemules ‘de} auols ‘Sulids 1o |[om pa3dajo.d ‘djoyaloq [[9m aqny ajem padid se paulyap 324nos Jajem panosdu,
"(900Z ‘OHM) ASZ- > Z Y18us|-10)-1ysiom se pauljap Sunsep\ "ASZ- > Z 98e-104-1ySlam se paulyap Jysiomiapun ‘s ¢- > Z 98e-104-438Us| se paulyap ununis,
"Aanns ay) Buipadald syam g oy Sulinp dNIA 40 uoizdwinsuod Aue 3uijiodas se paulap axeul dNIA U39y,

(TT0Z ‘OHM)
aulPpIing OHM TTOZ dY3 1ad 9S0p papuaWILIodD) WNWIUIW 3Yy3—30(id YIuow-ZT ay3 SuLnNp syjuow 9 AIdA3 (saxoq g) s1aydes 09 1sea| e Sulaida. pajiodal Suiaey se paulyap sem a8esaA0d 3aydes dNIN YSIH,

‘ugisap Suijdwes xa|dwod J0j JUNOIJE SBJEWIISD || "SISO} DJENDS-IUYD }J00G-0€Y J0) PAJEINdJEd SAN[EA d *(JEAISIUI SDUSPIUOD %Ge) Juad4ad ale pajuasald sanjep 230N

[eee ‘812l S'LC €l ooy ‘szl 9'ce LL [eve ‘8'TC] 08T €Tt [ee ‘LeTl T'TE /8 3sayd1y
oy ‘Tze]l T9¢ 291 [£6€ ‘v9z] T'ee 8L [o'8e ‘0'8c] 0°€E €eT [esy ‘T1E] T'8E L0T 3IPPIN
[vey ‘10€] T9¢ 291 1y ‘eLe] eve 18 [e9or ‘L'1€] 0°6E LST [T'2€ ‘vve] L0g 98 3534004
€0 10 9]1349} y3|eam pjoyasnoH
€0 (08T ‘T0T] T¥T €9 [T'ST 691 01T 9¢ A0 [08T ‘80Tl "1 85 [6ST €9l TTT 1€ 5 AJIND3sUl pOOy 21995
90 [9°26 ‘T06] 6€6 9Ty [T66 ‘028] T€6 [ 14 60 [8'86 ‘£'88] €6 €L8 [e°26 ‘9°68] 5€6 85¢ p 92IN0S Ja3eM paroidu]
S213S14930BIRYD P|OYaSNOH
%0 [e'6L ‘e19] 869 4% [9°08 ‘8°99] L'€L vLT 80 X YAVAI WAA G8C [8'2,°8°59] 8TL TOZ uoiednps Alewd ueyy ssa| JaAidaled
80 69 ‘vLE] Ty 881 o6y ‘vLE] TEY 40 4] [8'67 ‘L°6€] 811 08T [9's¥ ‘0ee] €'6¢ ()44 esoyielq
€0 675 ‘0vY] 6 12T [cT19 ‘LYl TS 8cT 80 [69S 7'9¥] 9°TS 80¢ [0'4S ‘Lev] ¥'0S 1545 ysnod
0] ['e8 ‘9vL] 58L 16¢€ [T'e8 ‘9'89] 8'S~ 6LT G0 [918 ‘LTl L9L 60€ [v8 ‘seL] 6'8L 12¢ Jana4
Ajpigiow >eam-g pajiodal JaaiSaue)
S0 [£e‘TTlse 11 [85 0Tl ¥e 8 G0 [ov‘otTlsT o1 [Ts'vilce 6 sunsep
0T [L69vITL ze [soT‘6€lCL LT G0 [c6 Tyl L9 LT [TTT LYl 6L 44 JYsamiapun
S0 [8CcC ‘vSTl T'6T 68 [8cc ozl LT 187 900 [8'6T ‘TCT]1 09T ¥9 [z8z ‘091l T'Ce 29 8ununig
, Anawodouyiuy
ocy ‘Lzel vLe L9T 68y ‘5°LE] TEV 408 [90¢ ‘5'TC] T'9C GOT [s€9 ‘9€S] 985 9T Syuow £z-8T
[€£9 ‘851 929 08¢ [529 ‘T'16] 895 veT [s82 ‘769 6°€L 86C [r'ov ‘G9€] ¥’y 91T Syjuow /T-ZT
70 T000°0> dnou8 a8y
[8'CS ‘vevl T8y S1C [eCS ‘0Tl 99% (0)41 [6°0S ‘6'T¥] 91 /8T [0'sS ‘sev] €6 8T Slewa4
[9'9S ‘TLY] 618 cee [0'6S ‘L'LY] V€S 9zt [1'8S ‘T'6¥] 9°€S 91¢C [S'9S ‘0's¥] £°0S 4749 3leN
L0 0 X35 pliyd
anjeA d (1D %S6) % u (1D %S6) % u enjead (1D %S6) % u (1D %S6) % u onsulveIeYd Yijeay
J0 2d1ydesSowapoldos
(L¥y = u) (9Z = u) (EOY = U) . (syruow 9 A1ans (08T = U) . (SYIuow 9 A1aAs s1aydes 09>)
q (sAep 1T 1se] axjeul dNIN Aue) (sAep {T Ise| aejul NN sjayoes 09<3) 98e4aA0d 98e49A0 13Ydes dNIA MoT
eul dNIN Jua3y ou) axejul dNIA Jus231 oN 39Y2es dNIN Y3IH

(€89 = N) 9T0Z epuesn ‘PuIsIg eUNWy ‘ASAINS dUl| PUS UOIIUSAISIUI
Suipaay pjiyd SUnoA pue juejul pue Japmod JUSLINUOIDIW ‘93e3uUl JapMmod JUSLIINUOIDIW JUSIDJ pue 33e1aA0D J24des JopMOod JUsLINUOIDIW Ag ‘salpsiIaldeleyd Yjjeay pue diydesSowapoidos  Z 319Vl

Bofis WILEY1 \



7 of 16

Wi LEY‘I ‘

FORD ET AL.

(senunuo))
syjuow 9 a3e
80 [CTL°919]1 699  66C [8vs ‘8091819 091 €0 [9vL'6C91 £'89  LLT [6T£T'851 069 78T  1e spooy Alejuswiajduiod paonposjul
€0 [eT9 ‘L'6v]1 5SS 8¥e [68S ‘gzl 80S  0ZT  T0000> [£T£ 7091 099 99C [Scy‘coel ¥9e  zOT PlIy> Bulpaajisealq Apualind
saonoeld DAl
; NN @Jedaud 03
20000 [S¥6 ‘688l ST6 607 [088 ‘s'6/] 8T8 €61 €00 [ev6 ‘6981 906  G9€ [668 V'6L]1 978 LET Moy Uo uoisanb siomsue A[3oa.1i0)
uoidwnsuod Jo yauaq |epualod 1<
2000 [8'86 ‘€'S6l T'L6  ¥EV [966 ‘€881 6T6  LIT  SO00 [8'86 ‘€561 0'L6  T6E 096 ‘£'68] 6T6 09T SWweu pue dNIN 2qLasap ued
siojedipul 93pajmouy dNIA
0T [csL 091849  gog [SS2'009]1 849 09T S00 [T'8L'8€9l 0TL 98T [£0L°1SS1T€9  LLT  , BlWSeUe Jo asned T Ajjuapl ue)
0T 652 ‘v'191 £'89  LO€E [e92 0191989 791 €0 [692'ce9l c0L €8T [£'€L'T65]1 799 98T p Blweue Jo usis T AJpuapl ued
0T [66L°1'5918CL  vee [rog ‘e's9l 6L  TL1 00 [T28T69196L #0€E [€9,°€191889 z6T elWSeUE JO pJeay IaA]
60 [v'G6 ‘6681 9C6 VIV [896 ‘6£8] ¥'26  8TC 80 [096 ‘9681 8C6  vLE [£G6'988] T'C6 85T V UIWE.YIA JO pJeay IaAg
90 [8°€9 V' L¥] 965 ¥¥T ['99 ‘9'8¥] S'£S  ¥ET 60 [8v9 T8yl 595  €TC [€69 ‘L9¥]1 095 GST uoul Jo pieay 4o
, Aep/sjeaw Jo
80 [£og ‘TTCl 09T 911 [STe‘s8Tl0ST 65 80 [cTe ‘602l 192  SOT [c1€ ‘881106 0L Jaquinu pajsassns smouy
Suipaay Asejusws|dwod
10 ez ‘L0L1 594 Tve 9221591912 691 90 [0ce ‘v'69] £'SL  SO€E [T08°0£919€L 90T 9oNpoJjul 03 938 SMoU|
5103e21pul 93PaIMouUy 4DA|
anjeAd  (3IS) ueaw Jo (1D %S6) % u  (3S) ueaw Jo (1D %S6) % u enead  (3IS) ueaw o (13 %S6) % U (3S) ueaw Jo (1D %S6) % u
(L¥1 = u) (9gT = u) (€07 = u) (08z = u)
q (sAep pT 1se] djejul NIN Aue) (sAep {T 1se] ejul NN ou) e (SYluow 9 AIaA3 sjaydes 09<3) . (Syuow 9 AISA3 syaydes 09>)
aejul dNIN U39y aeul dNIN 3uadal oN 98eJan0 19ydes dNIN YSIH 98e1an0 19ydes dNIN Mo

(€89 = N) 9T0Z epuesn 2uIsIQ eUnwy ‘ASAINS Bul| pus UOIIUSAIRIUL SuIpa3) P|IYd SUNOA pue juejul pue dNIA
‘@ejul NI Juadal pue a3elanod 1aydes dNIA Aq ‘sadioeld Suipasy piyd 3unoA pue juejul pue a3pajmouy (dNIA) Jopmod Juarinuoldiw pue 3uipas) pliyd SunoA pue juejul JaAiaie) € 319vVL



FORD ET AL.

Bofis WILEY1 \

(0T0Z ‘OHM) Aep snoiAaud ay3 Aduanbaly [esw wnWIUIW Sy} pue ‘Spasy y|iw Sulpnjdul 30U AJSISAIP AJeISIp wnwiuiw oy} ‘Spasy yjiw
OM} 3s€3)] J& pey p|Iyd 3y} ‘pliyd pajiseaiquou Suowy “Aep snolaaid sy} Aousnbaly [esw wnwiuiw ay3 pue AUSISAIP Aleaip wnwiuiw ses| 3e pey pjIyd ay3 ‘Ualp|iyd pajisealq Suowly :3alp d|qeidadde Ajjewluliy,
(0T0Z ‘OHM) S9|qe1989A pue S3inJy J9YI0 pue :S9|qe1a8aA pue SsjnJy
2L~y UlWeYA 333 :Spooy Ysaly :s3onpodd Allep snu pue sawnga) [s1agny pue ‘sjoou ‘sulels a1am sdnols pooy UsAss ay | "Aep snolaaid sy sdno.s pooy 1< WOy SPOO) PaAIRdRI PIYD :ANSISAIP AleIRIp WNWIUIA,,
(0TOZ ‘OHM ‘syruow £Z-9 ualp|iyd pajisea.quou Joy
Spaay Y|iw Sulpn|dul Sswil < pUe SYIUOW £7 -4 UJp|IYd pajiseald Jo) sawll £Z) Aep snolaaad syl 910w JO S} JO JGUINU WNWIUIW 3] SPOO0J 1JOS JO ‘PI|OS-1WIS ‘PIOS PAAIIRI P[IYyD :AdUaNbaly [BSW WNWIUIAg
‘uoljesedald Jo sajnuiw OE UIYHM NN YHM paxiw pooy SUIAISS pue ‘pooy 3uipood
Jo 304 01 dNIA 8ulppe J0ou ‘Spooy pljos JO ‘Pljos-1was ‘Yos ul dNIN Suixiw ‘Buisop Suipnpul uofjetedaid dNIN Inoge suolsanb |je Sulamsue A309.110d JaAidaled se paulyap dNIA 4O uoljesedald jo a3pajmouy,
"POOJ JUBdIYNS
10 32€| J0/pue ‘SUIPa3|q DAISSIIXD (40XJOIYSEMY|/SNWISelew) uoiuinujew 9alp Alljenb Jood ‘ssauj|l Juadal ‘UOIIBISDJUI LWIOM ‘SaSNed D138Ua3 U930 1O |92 9IIS J9AS) JO BLIB[eW U2 PapN|dUl BILISBUER JO S9sne),
"aulin 3Jep Jo/pue ‘ssauxeam Apoq ‘an3uo} Jo/pue ‘eAizounfuod aAs ‘upjs ‘swied sjed papnjoul ejwseue Jo sudis,
‘a8e JO syjuow ,Z-ZT Ua4p|iyd Joj Aep Jad Sydeus OM] pue s|eawl 934y} puswwodal (£00g) saullaping Suipaa SunoA pue jueju| [euoileN epuesn ayj,
"Aanins ay) Suipadaid syaam g ay3 Sulnp dNIN Jo uoirdwnsuod Aue Suiiodas se paulap axejul dNIA U923y,
(TT0Z ‘OHM)
aulPpIind OHM TT0Z @Y1 Jod 9S0Op papusWwiWodal wnwiuiw ay1—3oid yuow-zT ayl unp syjuow 9 AISAS (saxoq g) S194des 09 1ses| 1e SulAladal pajiodal SuiAey se pauljop sem 93el9A0D 194des dNIN YSIH,.
‘ugisap 3uljdwes xa|dwod 10J JUNOJJE S21BWIIS || 'S1S9] a4enbs-1yd 1100S-0.y 104 pale|ndled sanjeA d ‘(35) uesw Jo (|eAIaIul 92UIPIIUOD %G4) Juadiad ale pajuasald sanjep 210N

€0 [9'S52 ‘0911 80C €6 [8TC‘€TTIS9T  6¢ 200 [8/CVL119CC 16 [06T ‘€0T]1 97T Tt , 331p 3|qedadde Ajlewuli
10 [899 ‘048] 6T9  9/T [ce9 ‘7051 895  vET 80 [9°69 ‘6'€G] L'65  OvT [8'99 ‘9%G] £09 0OLT y ANsIaAIp Alejaip wnwiuli
%00 [ese ‘Lvel 0o vET [Szz 991l 0CC €S 2000 [ege ‘eLTl 8z zET [csz'verl €61 vS 5 Aduanbauy [esw winwiulA
0T [S09 ‘eL¥] 6'€S  Tve [Te9 ‘ovvl 8es  LzT 600 [£8S ‘9ev] T1G  90C [6'G9 ‘8'6v] 645 29T suaals AJes] HleQ
L0 [ce6 ‘s8]l ¥'88  S6¢ [£v6 ‘'g6Ll €48 90T €0 [926 ‘9081 998  6¥€ [c96 ‘8'€8]1 006 2ST $39|qe3a89A 10 S}NIY UDL-Y UIWEIA
€0 [cte ‘T2l 29  /LTT [e8c ‘99Tl SCC €S L0 [réc ‘cTétl € 86 [60¢ ‘502l £L'ST 2L SPo0J ysa|} [ewiuy

Aanuns ay3 3uipadald Aep
3y} uondwnsuod pooy s,plIyd

SneAd  (3S) uesw Jo (1D %S6) % u  (3S) uesw Jo (1D %S6) % u enead  (3S) uesw Jo (1D %S6) % u  (3s) uesaw Jo (I %S6) % u
(L¥y = u) (9gT = u) (eov = u) (08z = u)

q (sAep T 3se| el ANIN Aue) (sAep T 3se| ejul dNIA ou) e (SYruoW 9 A1aA3 s}ydes 093) . (Syruow 9 AIDA3 S1aYdES 09>)

eIl dNIN JUDI3Y eul NN Jus231 ON 28e19A02 319Ydes dNIN YSIH 28e19A02 J9Ydes dNIN MO

(penunuod) € I1GVL



9 of 16

Wi LEY‘I ‘

FORD ET AL.

(sanunuo))

¢000°0

£000
¢0
¢0

14
¢0
10
€0

90

80
10

S0
€0
¢00
44
L00
¢000
60

anjeA 4

[Ler'esls0T Ly [S€Z 9PT] T'6T St
[£T6°€98] 568 00F 'S8 ‘5'9/] 608 16T
[60c ‘T€C] 0L 61T [8cz ‘'sTTl 94T ot
[8'2€ ‘962l LTE  T¥T l6'€€ ‘28Tl T'9C 09
[T££°099]1 9TL o0OCE 97, ‘9°65] T'£9 45T
l6es ‘0Tl 'Ly 21T [9:85 ‘€z¥] 05 61T
(L6 ‘90V] TG 96T ey ‘Leel sop 06
[0'8S ‘0'9¥] 0CS 0€T l6'7S ‘L's€] €61 SoT
[0G6 ‘8'88] 6T6 601 [cv6 ‘Ts8] £'68 (o) %4
[8'86 ‘6'G6l €L6 SEV [£°66°T96] 616 1€C
[cce ‘v12] 89 €L [£0g ‘08T] V¥ 8¢
[£1€ ‘06Tl ¥'ST 69 [£ze ‘TTe]l 692 474
[9zc ‘08Tl 8CC 29 [zee w61l €92 144
[s0€ ‘G611 06T 89 [6'8Z ‘0'9T] ¥'TT Ge
[T, 9851 699 66T [9°2L ‘¥'SS] 099 16T
[T9C ‘vzIl T6T 9% W1 'S vyt ST
(065 ‘6'LV] S'€S  6€C [eos ‘8Lel Tvy 0T
(tee ‘Lz viL 9ve 0629191 €€L €LT

[000T ‘£'L6] 686 Ti¥ [8'86 ‘v'176] 996 8¢c
V66 ‘T96l 8L6 LEV [9'96 ‘9°06] 9°€6 12C
[eTL €651 €59 262 [6TL 'v6S] £'G9 GST

(1D %56) % u (1D %S6) % u
(L¥Y = u) (9€C = u)
q(SAep yT 4 (shep T 3Ise| oxeul dNIN

35€| eul dNIN Aue)
ejul dNIN U229y

ou) axejul NI U231 ON

7000

10
¢0
L00

60
S0
10
€0

90

60
10

S0
0T
900
44
€0
€000
60

anjeA 4

[eyt ‘TLl L0oT e [9TTVETISLT 6
[8c6 ‘8681 €68 09€ [998 ¥'8/] GC8 T1€C
[66C ‘912l 8GC 20T  [§GC V9Tl 01T LS
[eLe ‘092l £T€ LT1  [¥vE‘L6T10LT VL
[982 'c99]1 ScL Tér [0€L T09] 599 G8T
[SsS‘gTvl 98y 961  [89S ‘96€l T8y GET
[00s ‘s6el Lv vL1 (L8 ‘TSEl 6Ty CIT
[945 ‘v9ovl 0cS 80z  [i'SS ‘eLel v'or  LTT
[rs6 ‘1’881 Tc6 1LE  [G5€6 ‘T98] 668 8¥C
[S66 ‘T96]18L6 t6E 066 ‘€S6]l T'L6 TLT
[£Te ‘T12l 9T 59 [oce ‘98Tl €SC 9%
[ece ‘6811 9'SC €9 [Tee ‘961l ¥9¢ 8
[912'6L1]18CC 95 [cce ‘ve1l8SC Ly
[TTe‘cétlCSC 29 [z ‘6911 SCC 1
[rsz ‘985l 0L9 oLz [6TLL'SSIEV9 08T
[gec‘LT1]18LT 8E [£sz'o0T] 84T €T
[£8s‘sLvlTes viz  [0CS ‘TOVl 19V 621
[918°'seLl LLL €1€  [66L°€L9]9€L 90T
[966 ‘V'L6] 586 L6E  [T66'8S6]l GL6 €LT
[e'66 ‘T961 8'L6 v6E  [T'L6°ST6lEV6 V9T
121651 €59 €9z  [T'zL'e6Sl LG9 +81
(1D %S6) % u (1D %S6) % u
(€0t = u) (08z = u)

e (SYauow 9 e (SYauow 9

A1ans syayoes 09<3) A1ans sjayoes 09>)
98es9n00 98e19n00

19y2es dNIN YsIH

19Y2es dNIN Mo

HN2IIP AJSA JO SDWIIBWOS
Asea AJoA U0 Ase]
dNW Suiuieiqo jo ase3
dNIA Jo suondadiad saniSaled
381 D4V
JJe1S 213U YjesH
1HA
p SUI[[2SUN0D 3y} papiroid oym ‘saA 4|
Sul||asunod |euoilppe PaAIadal ‘dNIA PRAISIL SWI} JUISJ JSOW 3y |
3€1s D4V
1J€3S 213UD yjesH
1HA
p SUI[[2SUNOD 33 papiroid oym ‘saA 4|
Sul|[9SuUN0d PaAIadal ‘dNIAl PRAISIL Swily ISl YL
4y ¢<
yec-1
ulw 09-0€
ulw 0g>
5 dNIA 9AI9231 0] UOIIEIO| 18 SWI] JIBM ‘SWll] JUSDDJ ISOW By |
dNIA pPapiaocad oym ‘Duy Juadad 3sow ay |
awwesdoid dNIA 243 Yyim aousiadxe JaAISaled)
dNIA 399]|02 03 JSPUIWSI B SE JISIA JO ||BD PIAIDIDY
sAep / snoiaaid ul 9j8ulf oipes piesH
dNIA Inoge 3|3ull olpel pieay JaA]
dNIA IN0ge 21NYd0.q PaAISdal JOA]
pJed aduataype dNIA PaAIRdaL J9AT
pJed uoied dNIA PaAISdaI JaAg
yjuow snojaaad Suunp sawiy T 1HA PajoeIu0)

swwea3osd dNIA Y3 03 ainsodxs JaAIZale)

(€89 = N) 9T0OZ epue3n ‘12uIsIg eLNWY ‘ASAINS Sul| puU UOIJUSAISIUL

Suipaay p|iyd> SUNOA pue Juejul pue gNIA ‘@3eIUl dNIA 3US221 pue 33e1aA0d 3aYdes dNIN A] (dNIA) 41opmod juainuoldiw jo suofidadiad pue ypm adualadxe pue o} ainsodxa JaAiSaled)  p 319V.L



FORD ET AL.

60

£00
100
500
1000
80
L0

14Y
0T
10
90

80
0T
T0000>

T1000°0>
anjeA 4

10 of 16 WI LEY‘I ‘

l6sC ‘TST1 90 95 [9TE ‘'SPl TET 9¢
06 ‘TL2] T'EE 06 [9'8¢ ‘T'6T] 8'8C St
[S'6T ‘50zl 0ST 89 [9se ‘0LT] €9C 187
Wzc'Ts1l€Te 85 [sog ‘T€Tl 8TC ve
[89 ‘166l £LT9 9/C [S'S2£‘019] 289 191
[6vy ‘91€l €88 TLT [0'6€ ‘STl 81€ SL
[8'69 ‘€8] 5€9 ¥8C [8'92 ‘0€9] 669 69T
[8sv‘T8€l O'EY  T6T [c6S ‘L9v] 0'es 4%
[6/1 ‘88l €€T €€ [S'6T'8'1T] £'0C 74
lose ‘Tecl 06T TL [92s ‘0'se]l 8'ep €S
[£e‘coloCc & [es‘00l ST €
[000T ‘261 886 T [000T ‘S'26] T66 121
[8'C9 ‘T8Y] S'SS  8¥C [S'6S ‘TEV] €TG 121
[6CccTT1T1 04T 8E sz 1élcLT (014
[ccc ‘0111991 LE [see‘8vT] T've 8C
[S98 ‘0Ll €08 64T €68 6691 9'LL 06
[8'SS ‘T's¥] S0S  zee (e85 ‘L'vY] S'TS 81T
[Py ‘19l Lo 28T g8y ‘scel Loy 96
[6'86 ‘8'G6l €L6 SEV [cv6 ‘8'€8] 068 (0) 4
[SST ‘T8l 6TT €5 [cce ‘L81] ¥'Se 09
[8T6 58] 188 16E €18 '8L9] 9L 9.1
(1D %56) % u (1D %S6) % u
(LYY = u) (9€C = u)
q(SAep yT 4 (shep T 3Ise| axeul dNIN

35€| e3ul dNIN Aue)
aejul dNIN U329y

ou) axejul NN U331 ON

€0

0T
L0
000
€00
14Y
10

1000
S0
14
€0

80
14Y
900

100
anjeA 4

"Ajdde suondo sjdinn,

"LHA 2y} Aq wayy 03 paJaAlldp dNIA ABY JOU pIp OYM SISAISaIed Suowy,

"Adnins ay) 3uipadald sxpam omy ay Sulnp dNIAl Jo uoidwinsuod Aue Supiodal se paulap a3ejul dNIN JU29Y,

[06C ‘T811 9'€C 85 rve ‘6CT] L'8T ¥E
[ose‘secl e6c L [gev ‘56Tl 9vE €9
[T'6z ‘1811 9°€C 85 [c9c ‘6611 08C 1S
[s0og ‘L91]1 9'cC 85 [T92°€T1] L8T €
[S89 '9¥S1 ST9 8vz  [0¥L ‘0191 GL9 681
sy ‘s1el s8¢ GST  [06€ ‘09¢2] 6ZE 16
[Tcs 'v6s1859 G9z  [e€L T'8S1 LG9 +81
[60S ‘6'0v] 6'S¥  G8T  [SCS 8TV TLY TET
[€9T'6L1 6TT 8T 1e‘LeTl 9cC 0E
[89g ‘9cZl L'6C OL [L6v‘0€el ¥ Ty SS
[re‘ool LT ¥ 661010 V¥
[000T ‘2’861 966 tEZ [000T ‘T'S6]l 826 TET
[S¥9'9csl 985 9€z  [LvS‘eov]l 6Ly €ET
[8TC ‘P01l T9T ¢ [8vC ‘v'C11 98T 92
[9eT'sTII 18T 9¢ [Tzc'evil L0z 6T
[c98 ‘961 608 19T  [6€8 V0Ll T'ZL 80T
[S9s‘evv]l ¥'0S 00T  [6'9S TV GIG Ol
[91¥'e9el 6TV 691  [9°G¥ ‘ece]l 68 601
[e26 ‘TY6]1 856 98E  [996 ¥'88] GT6 65T
L1961 9€T  SS [e9C ‘16Tl L'0C 8S
Y06 ‘cz8l ¥'98 8ve (68 ‘LeLl€6L TTT
(1D %S6) % u (1D %S6) % u
(€0t = u) (08z = u)
e (SYauow 9 e (SYauow 9
A1ans syayoes 09<3) A1ans sjayoes 09>)
98es9n00 98es9n00

39y2es dNIN YsSIH

19Y2es dNIN Mo

(TT0C ‘OHM)

aulapIing OHM TTOZ dY3 1ad 3S0p papuswILoda) WNWIUIW dy3—3o|id YIuow-ZT 3y} Suunp syjuow 9 AIdA3 (saxoq g) s3aydes 09 1sea| e SulAIda. pariodal SuiAey se paulyap sem a8esan0d 3aydes dNIA YSIH,

‘Wea} yyjeay

a8e|[IA ‘] HA ‘S}Nsuo) poo4 aipuy ‘D4 "uSisap Suijdwies xa|dwod Joj JUNOdJe SIJBWIISS ||y SIS3} dJenbs-Iyd }3005-0ey J0j Pajejndjed sanjea 4 “(JeAldjul 9dUSPIIUOD %Ge) Juadiad aie pajuasald sanjep "ajoN

Jy ¢<

ye-1

ulw 09-0€

ulw 0g>
, Asuunol o y13us| ‘awiy Jusdal 3sow ay |

PYI0

WOy 03 PaJaAlRP 1HA
dNIA pawnsuod pjiy2 SuLnNsua ul suoleAijow/syoddns T< pajoday
dNIA pawnsuod pjiyd Suunsua ul saiyndIp T< payuoday
pooy ay3 asnjal pliyd syl apew sasuey)
PooJ 9y} SuUIAISS wWoJ) JdAISa.ed paddols sadueyd)

a1se]

Jnojo)
p PaLI0dal (s)a8ueypd jo adA ]

dNIN YHM paxiw pue
ySe epos Y}IM pa)00d spooy 03 sadueyd pajioday

JnopQo
a)se]
Jnojo)

p Pa3I0dal (s)a3ueypd Jo adA)

dNIN YHm paxiw spooy
JO JNOpO Jo ‘9)SE} ‘IN0J0d Ul sa8ueyd SuIdIjou IaAS pajioday

dNIAl SuIWNSUOD WOy PJIYD Ul 1998 aAESaU T2 PAAISSO
dNIAl SulwNSUOD Wouy PJIYd Ul 39919 aAlIsod TZ paAlasqQ
ON
[BJINBU JO SOA

dNIA| UHM PaXIul SPooy SWINsUod 03 s3I PIyD

(penuiuod) & I1GVL



FORD ET AL.

children whose caregivers received counselling from AFC staff the most
recent time they received MNP had recent intake (27.0%, 95% CI [23.1,
30.9]) compared with children whose caregivers did not receive
counselling from AFC staff (17.6%, 95% CI [12.5, 22.8]).

The percentage of caregivers reporting they perceived MNP was
easy or very easy to obtain was significantly higher among children
with high coverage (89.3%, 95% Cl [85.8, 92.8] vs. 82.5%, 95% Cl
[78.4, 86.6]) and recent intake (89.5%, 95% Cl [86.3, 92.7] vs. 80.9%,
95% Cl [76.5, 85.4]) relative to those with low coverage and no recent
intake, respectively. The percentage of caregivers reporting that their
child was neutral about or liked foods mixed with MNP was higher
among children with high coverage (86.4%, 95% Cl [82.3, 90.4] vs.
79.3, 95% Cl [73.7, 84.9]) and recent intake (88.1%, 95% CI [84.5,
91.8] vs. 74.6%, 95% Cl [67.8, 81.3]) compared with those with low
coverage and no recent intake, respectively.

Nearly all caregivers reported at least one positive effect in the
child from consuming MNP (94.4%, 95% CI [92.4, 96.4]), including
decreased sickness and improved growth (data not shown); however,
the percentage was significantly higher among caregivers of children
with recent intake relative to those without (97.3%, 95% CI [95.8,
98.9] vs. 89.0, 95% Cl [83.8, 94.2]).

Half of caregivers reported organoleptic changes to food mixed
with MNP (50.8%, 95% ClI [46.4, 55.2])—most commonly changes in
colour (79.4%, 95% Cl [74.4, 84.2]), and a similar percentage of care-
givers also reported organoleptic changes to foods cooked with soda
ash mixed with MNP (54.0%, 95% Cl [48.5, 59.6]; data not shown).
Among those who reported organoleptic changes to foods cooked
with soda ash mixed with MNP, the percentage of caregivers reporting
that these changes stopped them from serving the food was signifi-
cantly lower among children with high coverage (29.7%, 95% Cl
[22.6, 36.8] vs. 41.4%, 95% ClI [33.0, 49.7]) and recent intake (29.0%,
95% Cl [23.1, 35.0] vs. 43.8%, 95% Cl [35.0, 52.6]) relative to those
with low coverage and no recent intake, respectively. Likewise, the
percentage of caregivers reporting that these changes stopped their
child from consuming the food was significantly lower among children
with high coverage (11.9%, 95% ClI [7.5, 16.3] vs. 22.6%, 95% CI [13.7,
31.4]) and recent intake (13.3%, 95% CI [8.8, 17.9] vs. 20.7%, 95% ClI
[11.8, 29.5]) relative to those with low coverage and no recent intake,
respectively.

Nearly half of all caregivers reported at least one difficulty in
ensuring their child consumed MNP (46.4%, 95% Cl [42.5, 50.3]), with
difficulties ranging from negative side effects to organoleptic changes
to foods cooked with soda ash mixed with MNP, to child's rejection of
foods mixed with MNP (data not shown). A lower percentage of
caregivers of children with recent intake reported experiencing one
or more difficulties compared with caregivers of children without
recent intake (43.0%, 95% ClI [38.1, 47.8] vs. 53.0%, 95% Cl [46.7,
59.2]). The majority of caregivers also reported at least one motivation
in ensuring that their child consumed MNP (65.7%, 95% CI [60.2,
71.3]), with motivations ranging from observing positive effects of
MNP in their child to knowing how to get information about how to
resolve side effects (data not shown). Motivations did not vary by

coverage or recent intake in bivariate analyses.
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In multivariable models controlling for household wealth and care-
giver education, children of caregivers who received an MNP ration
card had 2.67 times increased odds of having high-MNP coverage rel-
ative to children whose caregivers did not receive a ration card (95%
Cl [1.15, 6.23]; Table 5). Caregivers who reported organoleptic
changes to foods cooked with soda ash and mixed with MNP had
52% higher odds of having received the recommended number of
MNP sachets for their child compared with caregivers who did not
report these organoleptic changes (Adjusted Odds Ratio [OR]1.52,
95% Cl [1.08, 2.14]).

Children of caregivers who reported having ever heard of anaemia
had nearly 60% higher odds of having high-MNP coverage relative to
children of women who had not heard of anaemia (AOR 1.59, 95% Cl
[1.11, 2.26]). Children whose caregivers knew how to correctly pre-
pare and serve MNP was associated with 1.89 times increased odds
of high-MNP coverage compared with children whose caregivers
answered one or more MNP preparation questions incorrectly (95%
Cl [1.11, 3.19]). For general IYCF practices, current breastfeeding
was positively associated with high-MNP coverage (OR 2.04, 95% Cl
[1.36, 3.08]). Child age was the only sociocultural or demographic fac-
tor associated with MNP coverage. Older children (18-23 months)
had lower odds of high-MNP coverage compared with younger chil-
dren (12-17 months; AOR 0.32, 95% CI [0.23, 0.50]).

In multivariable models controlling for household wealth and care-
giver education, children of caregivers who received an MNP ration
card had 2.86 times increased odds of having recent intake relative
to children whose caregivers did not receive a ration card (95% Cl
[1.34, 6.09]; Table 6). Children whose caregivers reported having ever
heard a radio jingle about MNP had 40% increased odds of recent
intake compared with children whose caregivers had not heard an
MNP radio jingle (95% CI [1.01, 1.94]).

Proxy indicators representing experience with the MNP interven-
tion were associated with recent intake. Children whose caregivers
reported the child liked or was neutral about consuming foods mixed
with MNP had nearly two-times higher odds of recent intake relative
to children whose caregivers reported the child disliked foods mixed
with MNP (AOR 1.90, 95% CI [1.13, 3.22]). Although only marginally
statistically significant (P = 0.05), children whose caregivers reported
that MNP was easy or very easy to obtain had 1.55 times increased
odds of recent intake compared with children whose caregivers
reported that MNP was sometimes or very difficult to obtain (AOR
1.55, 95% CI [1.00, 2.42]). Children of caregivers with correct knowl-
edge about how to prepare and serve MNP had 1.88 times increased
odds of recent intake compared with children whose caregivers
answered one or more MNP preparation questions incorrectly (95%
Cl [1.04, 3.39]).

4 | DISCUSSION

We found high-MNP sachet coverage and recent intake among chil-
dren 12-23 months in a yearlong pilot of an integrated MNP-IYCF

programme in Eastern Uganda. In total, 59.0% of children received
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TABLE 5 Predictors of high micronutrient powder sachet coverage (>60 sachets every 6 months) among children 12-23 months, micronutrient
powder and infant and young child feeding intervention Endline survey, Amuria District, Uganda 2016 (N = 683) ®

Adjusted odds ratio 95% Cl P value
Child age group (18-23 months vs. 12-17 months) 0.32 [0.23, 0.50] <0.0001
Received MNP ration card 2.67 [1.15, 6.23] 0.02
Easy or very easy to obtain MNP 1.54 [0.96, 2.45] 0.07
Child likes to consume foods mixed with MNP or is neutral 1.45 [0.91, 2.29] 0.1
Organoleptic changes to foods cooked with soda ash 1.52 [1.08, 2.14] 0.02
Ever heard of anaemia 1.59 [1.11, 2.26] 0.01
Can describe MNP and name >1 potential benefit of consumption 1.94 [0.91, 4.11] 0.08
Knows how to correctly prepare and serve MNP 5 1.89 [1.11, 3.19] 0.02
Currently breastfeeding the child 2.04 [1.36, 3.08] 0.001
Child consumed minimum meal frequency © 1.50 [0.61, 3.69] 0.4
Child consumed minimum acceptable diet ¢ 0.78 [0.32, 1.89] 0.6
Poorest household wealth tertile (vs. richest) 0.69 [0.42, 1.13] 0.1
Middle household wealth tertile (vs. richest) 0.75 [0.48, 1.17] 0.1
Caregiver education (less than primary vs. higher) 0.91 [0.61, 1.37] 0.3

2Estimates are adjusted odds ratios and 95% confidence intervals from logistic regression, accounting for complex sampling design. High-MNP sachet
coverage defined as having reported receiving at least 60 sachets (2 boxes) every 6 months during the 12-month pilot—the minimum recommended dose
per the 2011 WHO guideline (WHO, 2011). Models included all predictor variables where P < 0.05 in bivariate analyses and additionally controlled for
household wealth tertile and caregiver education.

PKnowledge of preparation of MNP defined as caregiver correctly answering all questions about MNP preparation including dosing, mixing MNP in soft,
semi-solid, or solid foods, not adding MNP to hot or cooking food, and serving food mixed with MNP within 30 min of preparation.

“Minimum meal frequency: child received solid, semi-solid, or soft foods the minimum number of times or more the previous day (>3 times for breastfed
children 9-23 months and >4 times including milk feeds for nonbreastfed children 6-23 months; WHO, 2010).

dMinimally acceptable diet: For breastfed children, the percentage who had at least the minimum dietary diversity and the minimum meal frequency in the
day preceding the survey. For nonbreastfed children, the percentage who had at least two milk feeds and had at least the minimum dietary diversity not

including milk feeds and the minimum meal frequency in the day preceding the survey (WHO, 2010).

the recommended dose of MNP (=60 sachets every 6 months) during
the pilot year, 65.4% consumed MNP during the 2 weeks preceding
the survey, and 43.5% had both high coverage and recent intake. Chil-
dren with recent intake consumed an average of six sachets during the
2 weeks preceding the survey—in accordance with intake recommen-
dations. These findings are consistent with the intervention strategy
process indicators showing high exposure to many components of
the intervention programme package, including receipt of programme
materials and counselling. MNP ration cards and knowledge of correct
MNP preparation were important for both MNP sachet coverage and
recent intake. Additionally, having ever heard of anaemia, current
breastfeeding, and younger child age were all associated with
increased odds of high-MNP coverage whereas hearing a radio jingle
about MNP, ease of obtaining sachets, and child liking foods mixed
with MNP were all positively associated with odds of recent intake.
With the exception of child age, all significant factors were potentially
modifiable, suggesting that MNP programmes could be designed to
leverage factors shown to contribute to high coverage and recent
intake. The finding that an older child age was associated with lower
MNP coverage might imply that additional resources and behaviour
change communication strategies targeted towards maintaining
demand for older children may be warranted.

Although there is no agreed upon threshold for effective MNP
programme performance, the Uganda pilot programme had high cov-

erage relative to some MNP programmes. In the Micronutrient

Powders Consultation's review of free health sector MNP interven-
tions, the Consultation selected a threshold of >70% coverage based
on the experiences of vitamin A supplementation and IYCF
programmes (Reerink et al., 2017). The Consultation did not define
coverage, which could be based on receipt, consumption, or purchas-
ing, per the evaluators' discretion. Thus, programme success is in part
determined by how coverage is operationalized. Because definitions in
the review varied considerably, comparing across programmes is diffi-
cult. Coverage—most frequently defined as “received MNP”—ranged
from 32% to 83% (Dhillon et al., 2017). Of the 761 children included
in this pilot end line study, 90.5% of children had received MNP (data
not presented). Because any receipt of MNP was high in our study, we
used a more stringent definition of coverage based on reported
receipt of the WHO recommended number of MNP sachets (=60
sachets every 6 months) during the pilot year. Among those who
reported ever receiving MNP, 59.0% received the recommended num-
ber of MNP sachets.

Strong supply chain management and a dynamic distribution strat-
egy likely contributed to high coverage in the Uganda pilot pro-
gramme. Based on programme post-distribution monitoring reports
from AFC, the implementing partner, we found no evidence of stock
outs. Further, only two caregivers reported limited supply as a diffi-
culty. In an effort to increase coverage and sustained intake, the
MNP delivery mechanisms evolved during the pilot. At the start, the
IYCF/MNP programme used existing MoH outreach sites for MNP
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TABLE 6 Predictors of recent micronutrient powder intake (any micronutrient powder intake during the 2 weeks preceding the survey) among
children 12-23 months, micronutrient powder and infant and young child feeding intervention Endline survey, Amuria District, Uganda 2016

(N =683)°

Received MNP ration card

Ever heard radio jingle about MNP

Easy or very easy to obtain MNP

Child likes to consume foods mixed with MNP or is neutral
Observed >1 positive effect of MNP in child

Reported >difficulties in ensuring child consumed MNP
Can describe MNP and name >1 potential benefit of consumption
Knows how to correctly prepare and serve MNP °

Child consumed minimum meal frequency ©

Poorest household wealth tertile (vs. richest)

Middle household wealth tertile (vs. richest)

Caregiver education (less than primary vs. higher)

Adjusted odds ratio 95% Cl P value
2.86 [1.34, 6.09] 0.008
1.40 [1.01, 1.94] 0.04
1.55 [1.00, 2.42] 0.05
1.90 [1.13, 3.22] 0.02
2.18 [0.79, 6.03] 0.1
0.88 [0.61, 1.27] 0.5
1.38 [0.50, 3.82] 0.5
1.88 [1.04, 3.39] 0.04
1.40 [0.93, 2.09] 0.1
0.91 [0.66, 1.24] 0.5
0.70 [0.51, 0.95] 0.02
0.85 [0.53, 1.38] 0.5

?Estimates are adjusted odds ratios and 95% confidence intervals from logistic regression, accounting for complex sampling design. Recent MNP intake
defined as reporting any consumption of MNP during the 2 weeks preceding the survey. Models included all predictor variables where P < 0.05 in bivariate
analyses and additionally controlled for household wealth tertile and caregiver education.

bKnowledge of preparation of MNP defined as caregiver correctly answering all questions about MNP preparation including dosing, mixing MNP in soft,
semi-solid, or solid foods, not adding MNP to hot or cooking food, and serving food mixed with MNP within 30 min of preparation.

“Minimum meal frequency: child received solid, semi-solid, or soft foods the minimum number of times or more the previous day (>3 times for breastfed
children 9-23 months and >4 times including milk feeds for nonbreastfed children 6-23 months; WHO, 2010).

distribution. After the first project quarter, AFC created new outreach
sites, and VHTs delivered MNP to caregivers who missed scheduled
distribution at outreach sites. Although research has shown that
community-based distribution generally leads to higher coverage
(Reerink et al., 2017), given that the pilot was supported by an
implementing partner, it is unclear if additional outreach sites and
home delivery by VHT would be financially sustainable without addi-
tional resources, especially at increasing scale. Cost-effectiveness
studies may provide evidence to help decision makers evaluate
whether additional outreach sites, home delivery, or other distribution
strategies are worth considering.

Caregiver perception of ease of obtaining MNP appeared to be
more important to recent intake than measures of delivery channel,
journey length, or wait time. Thirty-six percent (95% Cl [30.5, 41.5])
of caregivers had MNP delivered to their home by a VHT the most
recent time they received MNP, and among those who did not have
MNP delivered, 78.5% (95% Cl [72.7, 84.3]) had to travel longer than
30 min to retrieve MNP, and 75.9% (95% Cl [71.8, 80.1]) had to wait
longer than 30 min at the distribution point (data not shown). Surpris-
ingly, in multivariable models, MNP distribution method, length of
journey to retrieve MNP, and length of wait at distribution point were
not associated with either coverage or recent intake; however, per-
ceived ease of obtaining MNP was marginally associated with
increased odds of recent intake.

Among the variety of behaviour change communication channels
employed in the pilot, only two were significantly associated with
the study outcomes in multivariable models. Ration cards were posi-
tively associated with odds of both high coverage and recent intake;

although it is important to note that coverage of ration cards was high

across all groups. Having ever heard a radio jingle about MNP was
positively associated with recent intake only. Theoretically, prompts
such as stickers, brochures, posters, radio ads, and reminders from
health care workers might serve as reminders to get and give MNP
to children, combat intervention fatigue, and support permanent
adoption of this routine practice. Promotional materials including cal-
endars, brochures, cups, stickers, and T-shirts were positively associ-
ated with recent MNP use in a study on sustainability after 3 years
of sales in western Kenya (Suchdev et al., 2013). A study of an MNP
programme in Nepal found that receiving a reminder card was posi-
tively associated with high intake (Mirkovic et al., 2016). In our analy-
ses, frequent contact with the VHT (=1 per month), receiving
adherence card, reminder calls/visits, and recently hearing radio jingle
about MNP were not associated with MNP coverage or recent intake.

Surprisingly, organoleptic changes to foods cooked with soda ash
were positively associated with MNP coverage. Previous studies have
shown that organoleptic changes can reduce coverage/adherence
(Bilukha, Howard, Wilkinson, Bamrah, & Husain, 2011; Kounnavong
et al., 2011). When prepared correctly, MNP should not alter the col-
our, taste, odour, or texture of food (WHO, 2011; WHO, 2016); how-
ever, more than half of caregivers reported ever noticing changes
organoleptic changes to foods mixed with MNP (50.8% 95% ClI
[46.4, 55.2] and 54.0% 95% CI [48.5, 59.6] reported changes specifi-
cally to foods cooked with soda ash; data not presented). Although
organoleptic changes could be a sign that food was prepared incor-
rectly—for example, if MNP are added when a dish is very hot—
88.1% (95% Cl [84.8, 91.5]) of caregivers correctly answered all
MNP preparation questions (data not shown), suggesting they under-

stood how to properly prepare and serve foods mixed with MNP.
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Further, reporting having ever noticed organoleptic changes and
reporting organoleptic changes specifically to foods cooked with soda
ash did not vary by knowledge of correct MNP preparation (P = 0.1
and P = 0.09, respectively).

Organoleptic changes to foods cooked with soda ash could serve
as a proxy indicator for the quality of IYCF/MNP counselling. Findings
from the formative research prior to the pilot suggested that mixing
MNP into certain foods, such as greens, caused food to immediately
change colour (UBC et al., 2014). This was interpreted by the technical
advisory group as a problem with improper MNP preparation, so guid-
ance emphasized not adding MNP to food while too hot. After starting
the pilot project, intervention staff noted that families were saying
they experienced food colour changes when mixing MNP into foods
prepared with soda ash. In eastern Uganda, foods such as greens
and legumes are commonly cooked with soda ash to reduce cooking
time (Bergeson, Opio, & MacMillan, 2016). This prompted the staff
to mix MNP into food cooked with soda ash, and they confirmed
the colour changes. Thereafter, the IYCF/MNP counselling sessions
in Amuria warned caregivers about potential changes to foods cooked
with soda ash and encouraged them to continue feeding their children
these foods despite colour changes. Accordingly, among those
reporting organoleptic changes to foods cooked with soda ash mixed
with MNP, 29.7% (95% Cl [22.6, 36.8]) of caregivers whose children
had high-MNP coverage refused to serve their child the food
compared with 41.4% (95% Cl [33.0, 49.7]) of caregivers whose
children had low coverage. Given that organoleptic changes are
frequently reported across studies and programme contexts (Bilukha
et al,, 2011; Inayati et al., 2012; Kounnavong et al., 2011; MoH of
the Kyrgyz Republic, 2014; Rosado et al, 2010), future research
should explore factors associated with changes, including food
preparation and cooking methods, product quality, integrity of MNP
packaging, and micronutrient absorption.

Similar to findings from MNP studies in Nepal and Madagascar
(Mirkovic et al., 2016; Locks et al., 2017), children's perceptions of
foods mixed with MNP were associated with coverage and recent
intake. Children whose caregivers reported the child liked or was neu-
tral about consuming foods mixed with MNP had nearly two-times
higher odds of recent intake relative to children whose caregivers
reported the child disliked foods mixed with MNP. In the study from
Nepal, Mirkovic et al. found that child disliking food with MNP was
negatively associated with intake (Mirkovic et al., 2016). Dislike of
food could be a result of organoleptic changes due to mixing MNP
into foods cooked with soda ash, and among caregivers reporting
changes to foods cooked with soda ash, 33.9% (95% Cl [28.4, 39.3])
of children refused to eat the food (data not shown).

Context-specific differences in knowledge, attitudes and practices
around complementary feeding, and understanding of anaemia and
micronutrient deficiencies may be relevant to behaviour change. In
our study population, caregiver knowledge was positively associated
with both MNP outcomes. Knowing how to correctly prepare and
serve MNP was positively associated with both high-MNP coverage
and with recent intake. Having ever heard of anaemia was associated

with increased odds of high-MNP coverage. Despite differences in
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knowledge, we found no difference in the prevalence of counselling
either the first or most recent times caregivers received MNP by
either coverage or recent intake. Finally, some improved IYCF prac-
tices were positively associated with MNP outcomes in the study pop-
ulation. Current breastfeeding was associated with greater odds of
MNP sachet coverage—suggesting that MNP did not negatively affect
breastfeeding practices.

Child age was the only sociocultural or demographic factor associ-
ated with MNP coverage. We found that older children had lower
odds of high-MNP coverage relative to younger children. Differences
in coverage by age in our analyses might be explained by caregiver
perception of reduced risk of micronutrient malnutrition among older
children and/or need for micronutrient supplementation in the Ugan-
dan context. Our findings are contrary to studies where children 12-
17 and 18-23 months had higher MNP consumption (Madagascar)
and greater odds of obtaining MNP (Nepal) relative to children 6-
11 months (Jefferds et al., 2015; Locks et al., 2017). However, our
analyses did not include children 6-11 months, thus may not be com-
parable. Alternatively, our findings could reflect the evolving MNP dis-
tribution strategy. As distribution changed during the pilot to increase
coverage, it might have become easier to obtain MNP as the pilot
progressed. Whereas younger children were only exposed to the more
“accessible” intervention (i.e., more numerous distribution points and
home delivery), older children were exposed to the intervention from
the beginning of the pilot when distribution points were more limited.
Thus, it may have been more difficult for older children to achieve
high-MNP coverage over the course of the pilot year relative to the
younger children; however, delivery method the most recent time
the caregiver received MNP did not vary by child age group (data
not shown). Lastly, as intervention staff recognized that a large pro-
portion of families were experiencing food colour changes after using
MNP, IYCF counselling increasingly emphasized continuing MNP
despite colour changes. It is possible that this message started too late
for older children, and their caregivers stopped MNP earlier and never
restarted or heard about food colour changes that made them more
reticent to ever start giving their child MNP.

Programme planners could consider some common strategies at
the early stages of design and implementation in an effort to support
high coverage and adherence during programme scale-up. Decision
makers examine various factors when making choices about MNP
delivery designs and intake regimens. Considering designs that are
conducive to habit building may help support sustained coverage
and intake. In the Uganda pilot, MNP receipt and intake were designed
to be continuous (i.e., MNP box receipt every 2 months and consump-
tion every other day without a break) to support establishing and sus-
taining repeated MNP receipt and intake patterns. Furthermore, MNP
receipt every 2 months enabled routine opportunities for caregivers to
speak with delivery staff and troubleshoot. In comparison, other
designs distribute 60 MNP sachets every 6 months with a recom-
mended daily intake regimen (i.e., daily intake for 2 months followed
by a 4-month break) so that families have to re-establish MNP receipt
and intake patterns. Additionally, programme planners can aim to

identify a minimum package of behaviour change strategies needed
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to achieve programme goals. Pilot projects often have more compre-
hensive packages (e.g., multiple distribution channels) that may not
be feasible to maintain at scale. Understanding which behaviour
changes communication channels and strategies supports effective
delivery and intake regimens during the pilot phase and over time is
critical to achieving desired program outcomes and can help program
planners design effective, lower resource intervention packages at
scale. Findings from various analyses show that some programme
materials (e.g., ration/reminder cards) may be useful to consider
including as part of any minimum behaviour change package at large
scale. With the variation in MNP distribution and intake regimens,
we would not necessarily expect the same behaviour change channels
and strategies to show associations with higher coverage or recent
intake across all settings. Thus, testing programme materials and chan-
nels during the pilot phase is critical. Finally, behaviour change com-
munication needs can change over time, and programmes may need
to consider refreshing or refocusing the behaviour change component

as the programme matures or new issues arise.

4.1 | Strengths and limitations

These analyses used data from a population-based cross-sectional sur-
vey, representative of children 12-23 months in Amuria district,
Uganda. We had rich and comprehensive data on MNP distribution
channels, exposure to intervention package components, IYCF and
MNP knowledge and practices, sociocultural and demographic factors,
and covariates. Owing to the high percentage of children who had
ever received MNP (90.5% of all children surveyed), we were able to
evaluate factors associated with children having received the recom-
mended number of sachets during the pilot year based on the WHO,
2011 recommendation. Due to limited sample size, we may have
lacked power to detect small effect sizes. Further, we were unable
to explore factors related to MNP sachet coverage according to the
most up-to-date 2016 WHO recommendations (WHO, 2016). It
would have been helpful to collect qualitative data among caregivers
to better understand their ideas and experiences, as well as evaluate
the experiences and perceptions of health facility staff and VHT
involved in programme delivery. Finally, caregivers reported MNP
sachet receipt and intake, which could be subject to desirability or
recall bias.

5 | CONCLUSION

We found high-MNP sachet coverage and recent intake among chil-
dren 12-23 months in a yearlong pilot of an integrated MNP-IYCF
programme in Eastern Uganda. Beyond a well-managed MNP supply
chain, several proxy indicators for exposure to the intervention, per-
ceptions of the MNP pilot, IYCF and MNP knowledge and practice,
and sociocultural and demographic factors were associated with
greater odds of MNP coverage and recent intake. With the exception
of child age, all significant factors were potentially modifiable, suggest-

ing that MNP programmes could be designed to leverage known
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contributors to high coverage and sustained intake. Although the pilot
was supported by an implementing partner, the lessons learned could
be used to inform programme scale-up. In settings with limited
resources and where front-line health workers have heavy workloads,
it is especially important to identify during pilot phases which delivery
designs, intake regimens, activities, and behaviour change strategies

influence MNP sustained coverage and use.
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