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ABSTRACT

Millions of children under 5 years of age suffer from severe acute malnutrition
(SAM), worldwide, at any given time contributing to 1 million deaths per year, if not
more.

Anthropometric measurements including weight, height, and mid-upper arm
circumference (MUAC) are used to measure nutritional status of children. Growth
references/standards have been created to show expected growth in children who
are living in conditions favorable for growth and are often displayed in tables
showing weight-for-height (WFH) as percentage of the median or in the form of Z-
scores such as weight-for-height Z-scores (WHZ). The references/standards are
used to determine the degree of malnutrition that children are experiencing and thus
whether they meet the admission criteria for treatment programs. They are also used
to determine the prevalence of malnutrition in a population present at a given time.
MUAC differs from growth references/standards as it assesses risk of mortality
rather than expectation of growth.

The community-based management of acute malnutrition (CMAM) model is
commonly used for children with SAM between the ages of 6 and 59 months. This
involves both outpatient care in outpatient therapeutic programs (OTP) for SAM
cases without complication and/or inpatient care in stabilization centres (SC), for
SAM cases with complications. The main priority of treatment programs for SAM is
to minimize mortality. There are many factors involved in the process of counting,
predicting, identifying, and selecting children in need of treatment in nutrition
programs as well as determining criteria for discharge from programs. This PhD
consisted of five studies which explored how to use anthropometric indices in
nutritional programs.

The first study involved examining an alternative method for estimating the
prevalence of acute malnutrition, specifically the PROBIT method, which is based
on properties of the normal distribution. A simulation of 1.26 million virtual surveys
generated from 560 real nutrition surveys from 31 different countries was used to
compare bias and precision of this approach with the standard method. The results
of this study showed that the PROBIT method can estimate prevalence of global
acute malnutrition (GAM) and moderate acute malnutrition (MAM) using WHZ or



MUAC. The study shows, however, that the PROBIT method is inferior to the
classical method for estimating the prevalence for SAM by WHZ or MUAC at
sample sizes n >150. It does seem suitable for small sample sizes and thus perhaps
could be useful for surveillance.

The second study involved determining an incidence conversion factor (J)
empirically that could be used to estimate annual incidence of SAM based on
prevalence data taken from nutrition surveys. This estimate is useful in predicting
the expected number of children to be admitted into therapeutic nutrition programs
and subsequent resources required. Organizations often include an incidence
conversion factor (J = 1.6) in the formula to calculate expected yeatly case load into
programs. The estimation of | was done by correlating expected number of children
to be treated, based on prevalence surveys and population estimates, with the
number of children actually treated in CMAM programs. Twenty-four data sets from
six different countries were used that included prevalence surveys and program
admission data for 5 months following the survey. The results showed a significant
relationship between the number of SAM cases admitted to CMAM programs and
the estimated burden of SAM from prevalence surveys. The value for ] extrapolated
from our results was found to be higher than the one currently used by organizations.
The value also may vary between regions.

The third study was done to determine, if WFH is used, which growth standard
or reference is best to identify children most at risk of death and thus ensure
inclusion into the nutrition program. Data from 54,661 children treated in a nutrition
program in Maradi, Niger were analyzed. Difference in classification of children as
either moderate or severely malnourished as per the National Centre for Health
Statistics (NCHS) growth reference and the WHO growth standards was
investigated as well as risk of mortality based on different growth
reference/standards. Results showed that 40% of the total children in the program
which were classified as moderately malnourished as per NCHS standards would
have been classified as severely malnourished if they had been assessed by the WHO
standards. Almost half the deaths in the program were in this group and the children
had three times the risk of dying during the program than the children classified as
moderately wasted by both standards. The results of this study showed that the
subgroup who would be reclassified is vulnerable to mortality and thus would benefit
from being classified using the WHO growth standards to ensure admission into a
nutritional program.

The last two studies evaluated the use of MUAC in nutrition programs as an

independent anthropometric measurement for malnutrition and examined the



response of MUAC to treatment and the outcomes of children after being discharged
from a nutrition program with a MUAC-based protocol. Both studies compared
length of stay and percent weight gain of children in relation to nutritional status on
admission as well as response to treatment based on height at admission. In addition,
the fifth study evaluated the outcomes of children 3 months after discharge from the
treatment program to determine the safety of using MUAC-based protocol. The data
from study four was from a nutrition program in Gedaref, North Sudan consisting
of 753 children. The data from study five was from a nutrition program in Malawi
consisting of 257 children and 155 children for follow-up after discharge. The results
of these studies showed that with these MUAC-based protocols, the duration of
treatment and percent of weight gain are higher in the most malnourished children,
regardless of their height. The results of study five also showed MUAC = 125 mm
as a safe discharge criterion with an acceptable level of negative outcomes at three
months’ post discharge in the context of Malawian Ministry of Health outpatient
care facilities.

In conclusion, the classical method of counting individual cases of malnutrition
in surveys is preferred to over the PROBIT method for estimating acute malnutrition
prevalence from large sample surveys. The PROBIT method may be useful in
sentinel-site surveillance systems with small sample sizes. The estimation of expected
cases of malnutrition from prevalence surveys may require revision of the currently
used incidence conversion factor (J). If using WEFH in treatment programs, it is highly
recommended to use the WHO growth standards instead of the NCHS reference to
ensure inclusion of children with high mortality risk into the program. Lastly, if using
MUAC-based protocol in treatment programs it is recommended to use MUAC for
both admission and discharge criteria to ensure the most effective and safe treatment
is delivered to the children most at risk of mortality.
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17 INTRODUCTION

Almost 19 million children under the age of 5 suffer from severe acute malnutrition
(SAM) at any given time (Black et al., 2013). Nutritional status of children is based
on anthropometric measurements such as weight, height, and mid-upper arm
citcumference (MUAC). There have been various growth references/standards
created that include tables allowing for the interpretation of anthropometric
measurements as they are related to each other such as weight-for-height Z-score
(WHZ).

These standards/references are detived from healthy children and are a
benchmark towards which nutritional status of other children are compared. They
are used to determine the degree of malnutrition that children are experiencing (de
Onis M, Garza C, Onyango AW, Martorell R., 2006; Hamill, Drizd, Johnson, Reed,
& Roche, 1977); the prevalence of malnutrition in a population that is present at a
given time (World Health Organization, 2000); and provide guidance for admission
criteria into nutrition programs thus determining which children should receive
treatment.

The Community Management of Acute Malnutrition (CMAM) model commonly
used to treat children with SAM between the ages of 6 and 59 months involves both
outpatient care in outpatient therapeutic programs (OTP) for SAM cases without
complication and/or inpatient care in stabilization centres (SC), for SAM cases with
complications (Collins, 2004; World Health Organization, United Nations Children’s
Fund, & United Nations Standing Committee on Nutrition, 2006; World Health
Organization, World Food Program, United Nations System Standing Committee
on Nutrition, & UNICEF, 2007). The process of counting, identifying, predicting,
and selecting children in need of treatment in therapeutic nutrition programs as well
as the monitoring and discharge from the programs involves many factors. This PhD
research consists of five studies which explored how to use anthropometric indices

in therapeutic nutrition programs.
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2 LITERATURE REVIEW

2.1 Approach to the literature review

The purpose of the literature review is to provide background information for the
current research. The review includes: the definition of malnutrition; explanation of
growth standards; a review of methods for estimating prevalence of malnutrition and
determining incidence of malnutrition; mortality and its relation to growth standards
and anthropometric measurements; and lastly, an overview of nutritional programs
for severe acute malnutrition and the subsequent admission and discharge criteria
used in the programs. For this thesis, only malnutrition that is associated with being
underweight was explored. Micronutrient deficiencies and being overweight, which
is often also considered as a form of malnutrition, are not discussed.

Medline was the main source for the literature review in addition to Google
Scholar for guidelines and recommendations from organizations and health bodies
involved in the care of malnourished children. The main search items included, but
were not limited to: malnutrition; severe acute malnutrition; mid-upper arm
circumference; mortality and malnutrition; growth standards; and CMAM programs.
International guidelines and reports were included when appropriate.

Recent publications were prioritized and the literature review was limited to
children from ages 6 months to 5 years.

2.2 Malnutrition definition

There are two degrees of malnutrition based on the criteria outlined by the World
Health Organization (WHO): moderate malnutrition and severe malnutrition. They
are based on clinical signs and anthropometric measurements from international
growth charts endorsed by the WHO (de Onis & Blossner, 2003). These two
classifications include both wasting and stunting.

Wasting is referred to children who have low weight in relation to their height
based on international growth charts and is commonly referred to as weight-for-height
(WEFH). It usually involves an acute or rapid development of malnutrition. Stunting

is referred to children having a low height in relation to their age based on
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international growth charts and is commonly referred to as hezght-for-age (HFA). It is
usually associated with chronic malnutrition (World Health Organization, 1995).
Both wasting and stunting are considered to be life-threatening conditions and thus
public health priorities. Wasting and stunting are usually measured by deviation from
the reference median as Z-scores (Z). For example, 1 Z-score means being 1 SD
above the median of the population.

Moderate wasting in children is a condition where the child is less than -27Z but
greater/equal to -3Z on a WFH growth chart. Moderate stunting can be defined as
having less than -27Z but greater than -3Z on a HFA growth chart (World Health
Organization, 2016b).

Severe wasting in children is a condition when the children are less than -3Z on
a WFH growth chart (World Health Organization, 2016a). Severe stunting can be
defined as having less than -3Z on a HFA growth chart. The most vulnerable
children are those between the ages of 6 months and 5 years (World Health
Organization, 1999, 2003; World Health Organization, WFP, United Nations System
Standing Committee on Nutrition, & UNICEF, 2007).

A quick way to measure malnutrition is by measuring the MUAC of the children
and is widely used by nongovernmental organizations (NGOs) working in the field
of malnutrition (Médecins Sans Frontieres 2006, World Health Organization &
UNICEF, 2009). The MUAC tape is a multi-coloured plastic strip designed to wrap
around the mid-upper arm area of the children and match to a number and colour
on the strip based on the measurement. Children who have a MUAC of less than
115 mm, the red colour of the strip, are severely malnourished and require immediate
medical attention (World Health Organization, WEFP, United Nations System
Standing Committee on Nutrition, & UNICEF, 2007). Children with a MUAC
between 115 and 124 mm, the orange colour of the strip, are moderately
malnourished (World Health Organization, UNICEF, WFP, & UNHCR, 2010).
These children who are moderately or severely wasted and can also be stunted since
the conditions of wasting and stunting are not exclusive from each other.

Severe malnutrition, or SAM, is currently defined by WHO by either a WHZ <-
3, a MUAC < 115 mm or presence of bilateral pitting oedema. It can present as
either Marasmus or Kwashiorkor or a combination of both. Marasmus is presented
with obvious muscle and fat wasting of the children and they will have dry skin, skin
folds hanging over the buttocks area and drastic loss of fat tissue from normal areas
of fat deposits like the buttocks and thighs. Kwashiorkor is defined by presence of
bilateral pitting oedema and the children will often have a swollen abdomen and

'puffy' face. The oedema usually appears on both feet and in very severe cases this
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oedema can occur all over the body including the peri-orbital area. Hair pigmentation
often turns to a blondish-red. There can also be varying degrees of skin breakdown
all over the body (World Health Organization, 1999). They are often fretful, irritable,
and often experience anorexia. A child presenting at the same time a low WHZ, or
a low MUAC and oedema will be considered as a combination of marasmus and
kwashiorkor (termed “marasmic kwashiorkor”). In this case, the use of WHZ is
insensitive in detecting undernutrition since the presence of oedema increases weight

due to retained fluid and not nutrient reserve.

2.3 Growth standards

In the 1970s the NCHS, Centers for Disease Control and Prevention and the WHO
created growth references that were based on various old samples of children drawn
from the US population and spreading over several decades (de Onis & Yip, 1996;
Hamill et al., 1977). These children were healthy but primarily fed with infant
formula (de Onis & Yip, 1996). Referred to as the NCHS growth reference they were
adopted internationally and by WHO (Waterlow et al., 1977; World Health
Organization, 1983, 1993) to be used in national programs for individual growth
monitoring. They were used to determine underweight (below minus two standard
deviations from median weight for age of reference population), stunting, and
wasting as well as generating population-based estimates of the prevalence of infant
and child malnutrition (Dibley, Goldsby, Stachling, & Trowbridge, 1987). They were
also used to determine admission to and discharge from feeding programs.

In 20006, the World Health Organization released a new set of growth standards
(WHO growth standards) for children from birth to 60 months of age with the
intention of replacing the NCHS growth reference. The new WHO growth
standards were intended to show how children shox/d ideally grow (de Onis, Garza,
Onyango, & Martorell, 2006) rather than how children o grow, as was seen with the
NCHS growth reference. The WHO growth standards were created based on a 6-
year study undertaken between the years of 1997 and 2003, called the WHO
Multicentre Growth Reference Study (MGRS). It included children from six
different countries: Ghana, Brazil, India, Norway, USA, and Oman, and hence was
of mixed ethnic origin, The study combined both a longitudinal follow-up of
children from birth to 24 months and a cross-sectional component of children aged
18-71 months (de Onis et al., 2006). The WHO growth standards were created based
on children who were healthy and living in conditions that were likely to enable

achievement of their full genetic growth potential including access to healthy diets
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and vaccination. The mothers of children who were selected for the study were
involved in various specific health-promoting practices recommended at that time
by WHO, most notably not smoking and exclusive breastfeeding up to 4 months,
and then further extended to 6 months in 2003 (de Onis et al., 2000).

Since the release of the WHO growth standards there have been many studies to
field test the new standards and to compare the new standards with the NCHS
growth reference (de Onis et al., 2006; Onyango et al., 2007; Seal & Kerac, 2007).
The most notable differences when comparing the NCHS reference with the WHO
standards are that the WHO standards classify a higher proportion of children as
severely wasted among all ages, but more in the younger ages (Seal & Kerac, 2007).
The key operational implication of the WHO growth standards is that due to the
increase in the number of children who are classified as severely wasted as compared
to the NCHS growth reference, there can be an expected increase of 2-4 times the
number of SAM children defined as in need of being admitted into therapeutic
programs (World Health Organization & UNICEF, 2009). It is important to note
that the WHO standards involve the use of Z-scores for the case definitions rather
than percentage of the median which was commonly used with the NCHS reference

for admission into programs (Médecins Sans Frontieres, 2006a).

24 Methods for estimating prevalence of malnutrition

Prevalence of acute malnutrition is widely used to assess the nutritional status of
populations of children aged 6-59 months old in developing countries and to plan
nutrition programs. This is done with the use of growth reference/standards, as
described previously. It involves evaluating the global acute malnutrition (GAM),
which comprises of grouping MAM and SAM together.

The most commonly used method for estimating the prevalence of GAM is by
conducting two-stage cluster sampled surveys requiring the measurement of several
hundreds of children, typically 900 children (30 clusters of 30 children) , to achieve
sufficient precision for decision-making (World Health Organization 2000,
Médecins Sans Frontieres 2006a). In 2006, the SMART method was introduced
addressing the problems of lack of standardization and lack of methodological rigour
in the way nutritional surveys were undertaken (Standardized Monitoring &
Assessment of Relief and Transitions, 2006). The method allowed, and confirmed
the need, for standardization of surveys for the assessment of nutrition emergencies
and provided a generic tool that can be used by various organizations working in the
field (Spiegel et al., 2004). Despite the consistency in methodology and analysis that
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this method has provided for the nutrition community, there are several concerns:
the difficulty in obtaining usefully precise estimates of SAM prevalence; the large
sample size required within the constraints of security and accessibility to villages;
and the cost of repeated cross-sectional surveys if used for surveillance.

The classical method of estimating prevalence is to calculate the number of
children meeting a case definition in the sample divided by the total number of
children in the sample. In 1995, the WHO proposed the PROBIT method as an
alternative method for prevalence estimation. The PROBIT method estimates
prevalence indirectly using the inverse cumulative normal distribution function,
which converts parameters of a normally distributed variable (i.e., the mean and
standard deviation) to cumulative probability below any cut-off which is equivalent
to the proportion of individuals below the cut-off (World Health Organization,
1995). The 1995 WHO document states that the main advantage of the PROBIT
method is that it requires a smaller sample size than the classical method (World
Health Organization, 1995), however no evidence of this is given. Golden and
Grellety stated in 2002 that ‘calculation from the mean and standard deviation could
give a more rapid, efficient and precise estimate of the extent of malnutrition than
counting affected individuals’ (Golden & Grellety, 2002). There was no specific
evidence provided either and no further work on this has been done although this
did lead to the inclusion in the SMART software output of PROBIT estimated
prevalence (Standardized Monitoring and Assessment of Relief and Transitions,

2006).

2.5 The use of prevalence surveys to estimate the number of severely
malnourished children needing to be enrolled in nutritional
treatment program

The resources needed such as staff, material, food, medicines and, ultimately,
funding for the expected number of children requiring treatment over a given period
needs to be estimated to plan well for the implementation of nutritional treatment
programs. The burden of malnutrition cases over a given period is determined as the
sum of current (prevalent) cases at the beginning of the period and new (incident)
cases expected in the given period. In practice, estimation of incident cases would
require surveillance systems which are not in place in most countries. The most
commonly used approach to estimating the number of children requiring treatment
is to conduct cross-sectional surveys which measure the prevalence of SAM using a
method such as the Standardized Monitoring and Assessment of Relief and
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Transitions (SMART) survey methodology (Standardized Monitoring and
Assessment of Relief and Transitions, 20006). Prevalence surveys, when used together
with population estimates, allow for direct estimation of the number of prevalent
cases at the time of the survey but not the number of incident cases that will occur
over the duration of the program.

In the absence of specific recommendations in United Nations guidelines,
nongovernment organizations (NGOs) often attempt to estimate the number of
children with SAM needing treatment over a specific period (usually 12 months) with
the formula:

Expected case load = N X PX (1 + ) X C

where N is the population aged between 6 and 59 months in the program area; P is
the estimated prevalence of SAM; ] is the incidence conversion factor over a given
time period; and C is the expected program coverage over a given period of time.
The (1 + ) is often represented as K ( (Myatt, 2014).
The value of | is usually set at | = 1.6 which was derived from estimates of the
duration of episodes of untreated SAM in two African populations, Niakhar in
Senegal and Bwamanda in the Democratic Republic of Congo (Garenne et al., 2009).
To date, the extent to which accurate estimates of expected SAM case load might
be derived from prevalence surveys using the above formula has not been validated.

2.6 Growth standards and anthropometric measurements as related to
mortality

Mortality statistics estimate that globally 45 percent of all deaths in children under
five, either directly or indirectly, are associated with undernutrition (Black et al.,
2013).

A key importance of the growth reference and/or standards is that they are used
to define the admission criteria for nutrition programs and thus determine which
children should receive treatment. Research in comparing the NCHS growth
reference and WHO growth standards regarding the usefulness in nutrition
programs has been important as organizations and countries proceeded to adopt the
new WHO growth standards for their programs. A critical issue, however, is whether
an indicator that is designed to represent how well-fed healthy children should grow
is necessarily the best indicator to identify children or populations that require
emergency nutrition interventions. Considering that the main objective of
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emergency nutrition interventions and treatment of acutely malnourished children is
to prevent mortality it seems essential that an indicator for admission into programs
is used that identifies children at high risk of mortality and who would respond well
to treatment (Myatt, Khara, & Collins, 2000).

The WHO growth standards were established without any relation to mortality
risk. After they were established, it was shown by retrospective data analyzes,
including one of the studies from this dissertation, that they are better able to assess
the risk of dying than the old NCHS reference ( Dale, Grais, Minetti, Miettola, &
Barengo, 2009; Isanaka, Villamore, Shepherd, & Grais, 2009; Lapidus, Luquero,
Gaboulaud, Shepherd, & Grais, 2009). This is likely to be due to the preferential
selection of younger children compared to the NCHS reference. Older children are
known to have a lower risk of dying (Seal & Kerac, 2007), hence the poorer
prognostic value of the NCHS reference.

Over the past 30 years an abundance of research has been done regarding the
best anthropometric measurements to identify the malnourished children most at
risk of mortality. In 1994, Pelletier published a broad review of available evidence
comparing WFA, HFA, WHZ, and MUAC as indicators in relation to mortality. The
results showed most consistently that the best indicator for predicting mortality was
MUAC over all the others and the least useful was WHZ, using the NCHS reference.
Using MUAC for screening children for risk of death was at least as sensitive, if not
better, as other anthropometric screening tools with the same specificity. The relative
utility of MUAC compared to WHZ, as commonly used with the WHO growth
standards, has been shown in a variety of diverse settings such as Bangladesh (Alam,
Woijtyniak, & Rahaman, 1989; Bairagi, 1981), Uganda (Vella, Tomkins, Ndiku,
Marshal, & Cortinovis, 1994), Senegal (Briend, Maire, Fontaine, & Garenne, 2012b),
Democratic Republic of Congo (Van den Broeck, Eeckels, & Massa, 1996a) and
Gambia (Mwangome, Fegan, Fulford, et al., 2012), further emphasizing the benefits
of this anthropometric measurement in predicting mortality.

The risk of death was seen to be more related to anthropometric measures of
muscle mass (i.e., weight, height or arm circumference) than to nutritional indices
obtained from comparison with growth standards (weight-for-height; WHZ; weight-
for-age, WFA; height-for-age, HFA). (Briend, Garenne, Maire, Fontaine, & Dieng,
1989).

Despite this research, it is mostly in this decade that MUAC has become popular
to use in therapeutic nutrition programs. The main hesitations have been (a) doubts
about responses to treatment and (b) the appropriate discharge criteria that would

be safe for MUAC-based programs.
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2.7 MUAC, wasting, stunting, and age as related to mortality

The superiority of MUAC compared to WHZ to determine risk of mortality is
presumably due to the association of MUAC with stunting and young age: MUAC
selects children who are at the same time wasted, stunted, and younger, and have a
higher risk of death compared to those who are wasted only (Briend, Khara, &
Dolan, 2015). The association of low muscle mass with wasting, stunting, and young
age suggest a possible common mechanism behind these risk factors (Briend, Khara,
et al., 2015).

2.8 Body proportion

The role of body proportions has often been mentioned as a possible explanation
for the difference in mortality predictions using WFH or MUAC. Research looking
at the relationship between WEFH and body shape showed that WFH tends to be
lower in children with long legs. This is a problem as muscle, which represent key
nutritional reserves (Briend et al., 1987; Heymstfield, McManus, Stevens, & Smith,
1982; Wolfe, 2006), are mainly in legs and arms and children with longer legs are
likely to be in better health (Bogin & Varela-Silva, 2010). In this regard, WFH and
MUAC give similar estimates of acute malnutrition in agrarian populations but
different estimates for pastoralist populations. This suggests that WEFH may
overestimate the prevalence of acute malnutrition in some populations particularly
those pastoralist populations that tend to have longer limbs (Myatt, Duffield, Seal,
& Pasteur, 2009).

2.9 Measurement error and anthropometric measurements

The measurement error of all three anthropometric measurements (weight, height,
MUAC) are similar when used in favourable settings with proper training (de Onis
et al., 2006; Martorell, Habicht, Yarbrough, Guzman, & Klein, 1975; Mwangome,
Fegan, Mbunya, Prentice, & Berkley, 2012; Ulijaszek & Kerr, 1999; Ulijaszek &
Mascie-Taylor, 1994; Velzeboer et al., 1983). Whereas weight, and to a lesser degree
height, can be measured with good precision, WEFH has a larger error than weight or
height since it involves a combination of measurements and thus increasing the risk
of errors. MUAC as a stand-alone has less risk of measurement error when compared
to WFH (Mwangome et al., 2012).
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210 Nutritional programs and admission and discharge criteria

The common approach for treating SAM is by using the CMAM model. This model
includes both inpatient care in SCs and/or outpatient care in OTPs depending on
the presence or absence of complications (Collins, 2004; World Health Organization,
WEP, United Nations System Standing Committee on Nutrition, & UNICEF, 2007;
World Health Organization, United Nations Children’s Fund, & United Nations
Standing Committee on Nutrition, 2000).

The ability to implement CMAM programs has become possible partly with the
creation of ready-to-use therapeutic-foods (RUTT) which is a generic term used to
describe spreads or nutrient dense crushable foods that do not require preparation
and which are high in energy (often measured in kilocalorie or kilojoules) and meet
the nutritional requirements for malnourished children. It is usually a combination
of milk powder, vegetable oil, sugar, peanut butter, vitamins, and minerals, and it
comes in individual sealed packages that are intended for one-time use. The RUTF
does not have to be reconstituted with water and has very low water content thus
bacteria cannot grow on it (Briend, 2001). This makes RUTTF safe to use at home, in
contrast to the previously used liquid feeds. Normally a 1-2 week supply of RUTF is
given to the children in the community-based program as well as a short course of
oral antibiotics to treat infections (World Health Organization, WFP, United
Nations System Standing Committee on Nutrition, & UNICEF, 2007).

In 2009 WHO and United Nations Children’s Fund produced a joint statement
that gave guidance on the identification of children in need of therapeutic nutrition
programs based on the use of the new WHO growth standards and MUAC. They
recommended a definition for SAM to include children less than -3Z or a MUAC of
less than 115 mm and/or oedema, therefore defining the new admission criteria into
nutrition programs. They reinforced that MUAC could be used as independent
criteria for admission into nutritional programs (World Health Organization &
UNICEF, 2009). The MUAC cut-off was raised from less than 110 mm, as
previously recommended in an earlier joint statement from 2007, to less than 115
mm (World Health Organization, WFP, United Nations System Standing
Committee on Nutrition, & UNICEF, 2007). Two main reasons explained this
change. First, the publication of the WHO MUAC growth standard took place after
the publication of the WHZ standards and was not published at the time of the Joint
statement in 2007. The new MUAC standard showed that in a well-nourished
population, few children had a MUAC of less than 115mm (World Health
Organization, 2016a). Secondly, the development of CMAM programs favoured a
more inclusive criterion due to decreased need for hospital bed space.
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In addition to guidance on admission criteria into nutrition programs, the WHO
and UNICEF 2009 joint statement also gave some specific guidance regarding
discharge criteria. Discharge for children (World Health Organization & UNICEF,
2009) admitted based on MUAC should be a weight gain of 15% to 20%. This was
done with the intention of removing the need of height measurement and avoiding
the problem of children simultaneously meeting both MUAC admission criteria and
WHZ discharge criteria (Myatt et al., 2006; World Health Organization & UNICEF
2009). The measurement of height is often not feasible for CMAM programming for
the following reasons: height measurement is not covered in the Integrated
Management of Childhood Illness (IMCI) syllabus; height boards are not present at
most Primary Healthcare Centres (PHC) in developing countries; and height boards
are not part of essential clinic supplies packs (English et al., 2004; World Health
Organization & United Nations Children’s Fund, 2002). Additionally, taking height
measurements requires at least two people and thus involves more human resources
as well as time.

211 The use of MUAC in CMAM programs

A common question about using exclusively MUAC for admission into nutrition
programs for children 6-59 months is whether or not children classified as severely
malnourished using WHZ but not classified by MUAC would be missed in the
admission process and would thus be at risk of dying without treatment. This was
addressed in an analysis examining the need to use both MUAC and WHZ as
indicators for identifying children at high risk of mortality and subsequent admission
into nutritional programs. The analysis was done on data collected before the
development of CMAM on an untreated cohort from a longitudinal study of children
0-59 months examining the relationship between anthropometry and mortality in
rural Senegal. Results of the comparison of receiver operating characteristic (ROC)
curves to predict mortality indicated that there was no benefit from using WHZ less
than -3Z and/or MUAC less than 115 together since using both increases sensitivity
but decreases specificity. At the same specificity level it is possible to have a higher
sensitivity with MUAC alone with a slightly higher cut-off (MUAC of 119mm) and
thus using MUAC alone is preferable (Briend, Maire, Fontaine, & Garenne, 2012a).
Of note, the threshold for MUAC was already increased from 110mm to 115mm in
2009 (World Health Organization & UNICEF, 2009) and some NGOs use higher
MUAC cut-off mm in some programs (Goosens et al., 2012).
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Since the establishment of community-based nutrition programs more and more
organizations started using MUAC as a tool for nutritional assessments and as
criteria for admission into their community-based nutrition programs (Myatt et al.,
2000). The plethora of literature emphasizing the advantages of using MUAC have
helped to support this decision: superior identification of children at high risk of
mortality; simplicity of training; simplicity of use even by mothers, ability to achieve
high coverage, and adherence to the WHO /UNICEF joint statement of maintaining
consistency between screening method and admission criteria to avoid rejected
referrals (Alé et al., 2016; Briend & Zimicki, 1986; Briend et al., 1989; Briend et al.,
1987; Guerrero, Myatt, & Collins, 2010; Myatt et al., 2006; World Health
Organization & UNICEF, 2009). The absence of clear discharge criteria for MUAC-
based programs, however, prevented many NGOs from switching to use complete
MUAC- based programs.

The recommended discharge criteria of using percent weight gain was analyzed
and presented by Médecins Sans Fronticres (MSF) in the WHO Moderate
Malnutrition meeting in Geneva in February 2010 where they showed results of the
nutrition program in Burkina Faso that had used percent weight gain to discharge
children admitted based on MUAC (World Health Organization, UNICEF, WEFP,
& UNHCR, 2010). They outlined that the main problem with following this
discharge criteria was that it was insufficient for the cases of very severe wasting at
admission (World Health Organization, UNICEF, WFP, & UNHCR, 2010). The use
of percent weight gain for discharge led to the most severely malnourished children
getting the shorter treatment and the children that are less severely malnourished
getting a longer period of treatment than necessary. Clearly insufficient treatment of
the most severely malnourished is worrisome and needs to be addressed. Although
prolonged length of stay for some children may not be of huge consequence to
certain NGO’s who have resources to implement on a short term costly
interventions, it is of considerable consequence too ongoing MoH programs,
particularly in resource scarce settings.

Based on the difficulties of the recommendation of percent weight gain for
discharge when using MUAC for admission, a decision was made by MSF
Switzerland to use MUAC as discharge criteria in their emergency nutrition program
in Gedaref, North Sudan. Other organizations have made similar decisions but to
date there has yet been a formal establishment of safe discharge levels for both
discharge into the community and discharge into a bridging supplementary feeding
program. This program provided data necessary to help provide the answers for the

above questions that surrounded the recommended discharge criteria of percent
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weight gain and also spurred further studies to confirm findings and explore the issue

of safe level of MUAC for discharge.
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3 JUSTIFICATION OF THE RESEARCH

The research for this thesis aimed to address unanswered questions regarding the
process of counting, identifying, predicting, and selecting children most in need of
treatment in therapeutic nutrition programs and the appropriate discharge criteria to
use from the programs. These issues were addressed in five separate studies. The
first study involved examining alternative methods for estimating the prevalence of
acute malnutrition, specifically the PROBIT method, and thus possibly simplifying
the process of determining the need to open a nutritional program. The second study
involved estimating an incidence conversion factor (J), empirically, that could be
used in a formula to calculate the expected caseload for a nutrition program. The
third study was done to determine if WHZ is used, which growth standard or
reference is the best to use in nutritional programs to identify children most at risk
of death and thus ensure inclusion into the nutrition program. The last two studies
evaluated the use of mid-upper arm circumference in nutrition programs as an
independent anthropometric measurement for malnutrition and examined the
response of MUAC to treatment and the outcomes of children after being discharged
from a nutrition program with a MUAC-based protocol.
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4 AIMS OF THE RESEARCH

The overall aim of my research was to help optimize the use of anthropometry in
nutrition programs managing acute malnutrition. Five specific objectives were
created to achieve this aim. These objectives are as follows:

Objective 1: To examine alternative methods for estimating SAM/MAM prevalence,
particulatly the PROBIT method, to try to determine a suitable sample size for a
survey that will give adequate precision for prevalence for SAM/MAM.

Objective 2: To estimate an incidence conversion factor (J), empirically, that could
be used in a formula to calculate expected caseload in nutrition program from data

provided by prevalence surveys.

Objective 3: To compare the NCHS international growth reference with the WHO
growth standards for identification of the malnourished (wasted) children most at risk

of death.

Objective 4: To analyze the broader implications of using MUAC in nutritional

programs with focus on response of MUAC to treatment.

Objective 5: To analyze the safety of using MUAC as discharge criteria by following
the outcomes of children for three months after being discharged from a nutritional

pr ogram.
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5 APPROACH TO THE RESEARCH AND AUTHOR'S
ROLE

There were five datasets used to achieve the five aims of the PhD thesis (Table 1).
All datasets involved children between the ages of 6 months and 5 years.

The data for Study 1 involved a dataset that compiled information from 560
nutritional surveys done by 11 different organizations involved in nutrition programs
mainly in Africa and Asia during the years of 1992 to 2006. A simulated population
of children was created from the dataset by sampling with replacement to allow for
bias and precision comparisons between the PROBIT method and the classical
method of survey sampling. The author was involved in the conception and design
of the study, the analysis and interpretation of the data, and drafting of the
manuscript.

The data for Study 2 were taken from surveys and admissions into programs from
six different countries in the world. Twenty-four data sets from August 2005 to
December 2009 were used including prevalence surveys and program admission data
for 5 months following the survey. The author was involved in the conception and
design of the study, the analysis and interpretation of the data, and drafting of the
manusctipt.

The data for Study 3 were collected from a nutritional program treating 54661
severely and moderately malnourished children by MSF during the period of January
2006 to December 2006. This program used the NCHS reference for admitting
children into treatment. This study involved a retrospective data analysis. The author
was involved with the concept and design of the study, the analysis and interpretation
of the data, and drafting the manuscript.

The data for Study 4 were collected from another nutritional program by MSF
that treated and cured 753 severely malnourished children during a period of July
2010 to December 2010. These children were admitted and discharged from the
nutrition program based on their MUAC measurements. This study involved
evaluating lengths of stay in the program and weight gain during the treatment
period. The author was involved in the conception and design of the study, analysis

of data, and drafting of the manuscript.
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The data for Study 5 were taken from a study designed by a team working with
Valid International and involved admitting 257 children into a nutrition program
based on their MUAC measurements. The children who were cured from the
program were then followed after discharge and evaluated for their outcomes. The
period for data collection was between February 2011 and March 2012. The author
was involved in the analysis and interpretation of data for this study and drafting of
the manuscript.

Table 1. Aims and study design of thesis

Aim

Study population

Main outcome

Compare classical and PROBIT
methods for estimating the
prevalence of global, moderate
and severe acute malnutrition
(GAM, MAM and SAM)
defined by WHZ or MUAC

Simulating a total of 1.26
million surveys generated from
560 nutrition surveys

Bias and precision of classical
and PROBIT methods were
compared with estimation of
prevalence

Estimate an incidence
conversion factor (J),
empirically, that could be used
in a formula to calculate
expected caseload in nutrition
program

24 datasets of prevalence
surveys and program admission
data for 5 months following the
survey

Correlation of expected
number of children to be
treated in nutrition program,
based on prevalence surveys
and population estimates, with
the observed number of SAM
patients treated

Comparison of NCHS reference
and WHO growth standards in
determining children most at
risk of death

Data analysis of 54661 children
treated in nutrition program
using NCHS reference,
including 272 deaths

Children reclassified using
WHO standards

Difference in classification of
children as either moderate or
severely malnourished as per
the NCHS growth reference
and the new WHO growth
standards

Risk of Mortality based on

different growth
Reference/Standards

Determine whether using
MUAC >125mm as discharge
criteria from nutrition programs
instead of 15% weight gain
would eliminate shorter
treatment period for more
severely malnourished children

Data analysis of 753 children
treated in nutrition program
and discharged based on
MUAC >125mm

Length of stay and percent
weight gain of children
compared in relation to
nutritional status on admission

Response to treatment based
on height

Determine the safety and
practicability of using MUAC =
125 mm as a discharge criterion
for community based
management of SAM in children
aged between 6 and 59 months.

Data analysis of 257 children
treated in nutrition program
and discharged based on
MUAC 2125mm

Data analysis of 155 children
followed after discharge

Length of stay and percent
weight gain of children were
compared in relation to
nutritional status on admission;
Response to treatment based
on height

Outcomes of children were
determined after 3 months
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6 STUDY 1

6.1 Aim

To compare classical and PROBIT methods for estimating the prevalence of global,
moderate and severe acute malnutrition (GAM, MAM and SAM) defined by WHZ
or MUAC.

6.2 Study population

The study involved data collected from 31 different countries during surveys carried
out by 11 different organizations involved in nutrition programs throughout the
world. All surveys included weight, height, and MUAC measurements and
assessment of oedema. WHO growth standards were used to calculate the WHZ of
the children (World Health Organization, 2006). Table 2 shows the countries
involved and the number of surveys from each of the countries.

Ethiopia; Food Security Assessment Unit Somalia; Goal Ireland; MSF Belgium;
MSF Holland; MSF Spain; MSF Switzerland; Save the Children United Kingdom
and United States.

There were 560 nutritional surveys included totalling 459,036 children. Figure 1
shows the distribution of sample sizes of the surveys that are included. Table 3
shows the number of datasets excluded from the analysis and the rationale for each.
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Table 2. Countries involved in survey data: Study 1

Country Number
Afghanistan 35
Albania 1
Angola 17
Burma 8
Burundi 15
Central African Republic

Cote d'voire

Chad 32
Democratic Republic of Congo/Zaire 33
Eritrea 2
Ethiopia NOS) 45
Ethiopia (Somali) 8
Guinea 1
Haiti 30
Indonesia 1
Kenya 7
Liberia 31
Macedonia 1
Malawi 9
Mozambique 9
Nicaragua 2
Niger 4
Pakistan 9
Rwanda 13
Sierra Leone 38
Somalia 17
Sri Lanka 3
Sudan 141
Tajikistan 5
Tanzania 6
Uganda 30
Zambia 1
Total 560
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Figure 1. Distribution of sample sizes in surveys included in dataset: Study 1.

Table 3.  Excluded datasets: Study 1

Reason for exclusion

Number excluded

Duplicates

Small dataset

Screening dataset
Restricted range of ages
Improper age recording

All reasons

26*
10
4
53
1
94

*26 of 52 duplicates retained
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6.3 Study design

6.3.1 Creation of study populations from the original data source

Each of the 560 surveys in the database was used to create a simulated population
of 17,000 children by sampling with replacement from the survey dataset. This size
of population was chosen as being typical of the populations in which nutritional
anthropometry surveys are commonly performed. Highly improbable values of the
selected indicator were censored before the population was created (i.e., records in
which WHZ was below -5 Z-scores or above 5 Z-scores from the WHO growth
standard median weight-for-height or MUAC less than 80 mm or greater than 240
mm) and appropriate case definitions (Table 4) were applied to the remaining

records.

Table 4.  Definitions of acute malnutrition used for estimating prevalence: Study 1

Global Acute Malnutrition WHZ * WHZ < -2 or oedema

Global Acute Malnutrition MUAC T MUAC < 125 or oedema

Moderate Acute Malnutrition WHZ -3 < WHZ < -2 without oedema

Moderate Acute Malnutrition MUAC 115 < MUAC <125 without oedema

Severe Acute Malnutrition WHZ WHZ < -3 or oedema

Severe Acute Malnutrition MUAC MUAC < 115 or oedema

* WHZ using the WHO Growth Standards 3
T MUAC

Sampling with replacement from the survey datasets was done to create simulated
populations of the desired size. Fifteen different sample sizes were used for these
simulated surveys. The sample sizes were (50, 75, 100, 125, 150, 175, 200, 225, 250, 275,
300, 350, 400, 450, 500).

One hundred and fifty surveys were simulated for each sample size from each

population. This process led to a total of 1.26 million simulated surveys.
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6.3.2  Calculation of true prevalence of malnutrition in simulated populations and
estimation using the PROBIT approach

Once the sample sizes were created the true prevalence in the simulated population
was calculated by counting the number of children who matched the case definition
of SAM or MAM and then calculating the ratio of this number to the total
population. The PROBIT method for calculating the prevalence was then applied.
Three different approaches were used:

1. assuming D = 1 for the sample median WHZ (recommended by WHO; World
Health Organization, 1995)

2. using the sample mean and SD

3. calculating sample mean and SD from data transformed towards normality

After the prevalence was established, normality of the distributions was
investigated followed by investigating bias and precision. (details given in statistical
methods section).

6.3.3  Statistical analysis

The statistical analysis was done using R Language and Environment for Statistical
Computing version 3.0.1 software (R Development Core Team, 2016). The
prevalence estimates for all three approaches using the PROBIT method were
looked at as the cumulative probability of WHZ < -2 (GAM), WHZ < -3 (SAM)
with and without oedema, and -3 < WHZ < -2 (MAM). It was not possible to apply
the approach of median and SD = 1 with the PROBIT function to MUAC because
the assumption that D = 1 is only applicable to WHZ which is assumed to follow
the standard normal distribution. The two other approaches of the PROBIT
function were used to calculate prevalence estimates as the cumulative probability of
MUAC < 125 (GAM), MUAC < 115 (SAM) with and without oedema and 115 <
MUAC <125 (MAM).

Investigating normality of distributions of anthropometric indices in the
simulated surveys was done by using the Shapiro-Wilk test (Armitage & Berry, 1994).
The data were transformed towards normality using a power transformation with
the transforming power found using the Box-Cox method (Box & Cox, 1964) if
there was evidence of non-normality (i.e., p < 0.05 for the Shapiro-Wilk test).

Investigating bias for the PROBIT method was done by the estimation of mean
error (true — estimated prevalence). Precision was investigated by the 95% limits of
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agreement [mean (error) £ 1.96 X SD (error)] (Bland & Altman, 1986). For all
methods half width of 95% limits of agreement was calculated for the different
sample sizes based on the 150 simulated surveys. The analyzes were also performed
excluding children with oedema since it was suspected that oedema might bias WHZ

upwards leading to downwardly biased estimates of prevalence.

6.3.4  Ethical aspects

The data were from a database already established for a different study done by a co-
author (Mark Myatt) of the PROBIT study. It was initially obtained by a nutrition
adviser from Save the Children UK who contacted her colleagues working in the
field of international nutrition the other agencies (listed in the section Study Settings)
to provide the relevant survey data. The surveys were then compiled and given to
the author. Further use of the database was allowed based on appropriate permission
obtained from the original owners. Permission was obtained by the co-author of the
PROBIT study. All anthropometric measurement values entered into the database

were done anonymously and thus no further ethical approval was sought.

6.4 Results

A summary of the prevalence results for GAM, MAM, and SAM from the surveys
is shown in Table 5.

Table 5.  Summary of prevalence results from the 560 survey dataset: Study 1

MUAC WHZ

GAM MAM SAM GAM MAM SAM
Minimum (%) 1.34 0.67 0.00 0.84 0.53 0.00
Lower Quartile 7.13 523 1.48 6.71 4.81 1.52
(7o)
Median (%) 10.76 7.98 2.70 10.66 7.78 2.59
Mean (%) 12.55 8.81 3.74 12.85 9.27 3.58
Upper Quartile 15.93 11.37 4.71 17.85 13.18 4.59
(%)
Maximum (%) 49.69 27.04 23.56 43.03 30.04 18.03
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6.4.1 Bias and precision of classical and PROBIT methods compared with
estimation of prevalence

6.4.1.1 Bias

Biases are shown for the three PROBIT methods (§D = 1, §D = observed; SD =
observed with Box-Cox power transformation for GAM, MAM, and SAM defined
by WHZ and biases for the two PROBIT methods for GAM, MAM, and SAM
defined by MUAC are shown in Table 6 and Table 7 respectively. For WHZ, the
bias indicates that the method using mean and SD of non-transformed or
transformed data are similar, with the method using median and §D = 1 inferior for
both GAM and SAM but slightly better for MAM. Biases for MUAC again showed
similarity between the method using mean and SD of transformed and non-
transformed data. The biases for the classical approach are not shown since the
classical method is known to be generally unbiased and the results of the simulations
showed that any “bias” was very close to zero and evenly distributed around zero.
When excluding oedema in the analysis the results were not substantially changed.

6.4.1.2  Precision

Precision for the classical method and three PROBIT methods for GAM, MAM,
and SAM using WHZ and the classical and two PROBIT methods for GAM, MAM
and SAM using MUAC are shown graphically in Figures 3, 4, and 5. Using the mean
and SD of the survey with transformed and non-transformed data showed slightly
better than results for precision with the PROBIT method than the classical method
for sample sizes less than n = 150 for GAM and SAM for both MUAC and WHZ.
However, the precision of the PROBIT method (using the mean and SD of the
survey with transformed and non-transformed data) is better for MAM for sample
sizes less than n = 300 for both MUAC and WHZ. The method using median and
SD =1 is generally inferior to the classical method except for small sample sizes for
MAM. Excluding oedema in the analysis did not substantially change the results.
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a Mid Upper Arm Circumference, > Weight-for-height Z-Score, © Global acute malnutrition

Figure 2. Observed precision for global acute malnutrition calculated by classic method or PROBIT
approaches, according to sample size in simulated surveys: Study 1.
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Figure 3. Observed precision for MAM calculated by classic method or PROBIT approaches,
according to sample size in simulated surveys: Study 1.
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Figure 4. Observed precision for SAM calculated by the classic method or the PROBIT approaches,
according to sample size in simulated surveys: Study 1.
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6.5 Discussion

This study was the first one to formally assess the value of the PROBIT method.
The study confirms that the PROBIT method can estimate prevalence of GAM and
MAM using WHZ or MUAC. The study shows, however, that the PROBIT method
is inferior to the classical method for estimating the prevalence for SAM by WHZ
or MUAC at sample sizes n >150. It does seem suitable for small sample sizes and
thus perhaps could be useful for surveillance. The results seem to not be influenced
by the inclusion of cases with bilateral pitting oedema since the results are similar
with or without oedema in the analysis.

Regarding specifically WHZ, the PROBIT method of mean with observed SD of
the data shows an improvement compared with using SD one suggesting that when
choosing to use the PROBIT method, it would be useful to use the observed SD to
calculate prevalence. Checking for normality and, if necessary, transforming data
towards normality may further improve the estimation.

One explanation for the PROBIT method not estimating the prevalence of SAM
as well as the classical method may be that the tail of the distribution of WHZ or
MUAC does not follow the normal distribution and relates to children who may
have other health problems in addition to primary malnutrition. It is possible that
SAM children do not predictably follow the general pattern since they are often
infected or suffer from a family crisis which makes them shift in an unpredictable
way.

The main limitation of the study was that it was not possible to know the true
prevalence of many populations and to perform repeated surveys to estimate bias
and precision of different estimators. Thus, the use of simulation of surveys was the
only feasible way of testing the validity of the PROBIT approach.

Another limitation of this study may be regarding the actual prevalence survey
itself. To estimate the burden of malnutrition over a given period the sum of current
(prevalent) cases and new (incident) cases expected in the given period is needed.
Prevalence surveys, when used with population estimates, allow us to directly
estimate the number of prevalent cases at the time of the survey but not the number
of incident cases that might be expected to occur over the duration of program
activities. Thus, the use of prevalence surveys has the limitation that they do not
directly translate into the patient numbers that might be expected in a nutrition
program. This issue is explored in more detail in Study 2.

Since the publication of this study there was work done by Blanton and Bilukha
(Blanton & Bilukha, 2013) that challenged the results by suggesting that the bias is
inconsistent across studies. They carried out a similar type of analysis but chose
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children from surveys who were wasted (i.e., without oedema) rather than children
classified under GAM which includes both wasting and oedema. Their findings
agreed that there is advantage in using the PROBIT method with smaller samples
sizes where gains in absolute precision are the most. However, with their finding the
PROBIT consistently outperformed the standard method in regards to precision for
all the sample sizes as with ours with found it only to be beneficial with smaller
sample sizes. It is unclear as to the discrepancy of the results. Both studies used
simulations although the Blanton and Bilukha (2013) study used fewer surveys than
this one. As mentioned above, the Blanton and Bilukha study chose to use children
who did not have oedema but our study did not seem to be influenced by the

inclusion of oedema.
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7/ STUDY 2

7.1 Aim

To estimate an incidence conversion factor (J), empirically, that could be used in a
formula to calculate expected caseload in nutrition programs from prevalence
surveys and to compare this result to the currently used incidence conversion factor

() of 1.6 commonly used by organizations implementing CMAM programs.

7.2 Data collection

Data for this study were collected from NGOs known to have large and ongoing
CMAM programs. Nutrition surveys and reports from the therapeutic feeding
programs which were opened or were continuing to function as a result of the
surveys were requested for children between the ages of 6 months and 59 months
(i.e., the standard survey and CMAM program population). Data for nutrition
programs that were opened for a minimum of 5 full months after the survey were
requested.

Twenty-four datasets were obtained from three sister NGOs (ACF, Action
Against Hunger USA, and Action Contra la Hambre). No coverage survey results
were available. The dates of the various surveys and programs ranged from August
2005 to December 2009. The surveys took place in the six following countries with
the number of datasets in parentheses: Democratic Republic of Congo (# = 8);
Burundi (# = 2); Somalia (# = 2); Sudan (» = 7); Myanmar (# = 2); and Niger (# = 3).
There were 21 ongoing programs and 3 new programs. All surveys used the NCHS
growth reference (Hamill et al., 1977) for calculation of SAM prevalence. The case
definition used for SAM was: weight-for-height percentage of median (WHM) below
70% of the NCHS reference median or the presence of bilateral pitting oedema. All
programs used this case definition for identifying and admitting cases of SAM.
Children less than six months of age were excluded from the admission totals as
these children are excluded from nutritional surveys. As oedematous malnutrition is
considered to be a transient condition which may require a different coefficient for

burden assessment, the study was limited to non-oedematous children. There was
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one survey from Burundi which was an outlier, having very high prevalence
inconsistent with low reported admissions figures. Detailed examination of the
context from the survey report showed no obvious major food crisis so this high
prevalence was considered implausible and this survey and related admissions data

were censored.

7.3 Study design

This was an observational study. The incidence conversion factor () was estimated
by correlating the expected number of children to be treated, based on prevalence
surveys and population estimates, with the observed number of patients with SAM
treated.

Incidence can be estimated as: prevalence / duration of illness (MacMahon &
Pugh, 1970), which is equal to: prevalence X (duration of planning period / duration
of illness). For a planning petiod of 1 year the incidence conversion factor is 1 /
duration of illness with the duration of illness expressed in years. The incidence can
then be expressed as: prevalence X (incidence conversion factor).

The expected caseload can, therefore, be calculated as:

expected caseload = prevalent cases + incident cases
This is equivalent to:

expected caseload = (population X prevalence) + (population X prevalence X
incidence conversion factor)

This can be simplified to:

expected caseload = population X prevalence X (1 + incidence conversion factor) =

NXPx(1+))

Where N is the population aged between 6 months and 59 months in the program
area; P is the estimated prevalence of SAM; and | is the incidence conversion factor
over a given time period.

If the assumption that using a constant conversion factor to convert prevalence
into caseload is correct, then the two variables, expected number of children to be
treated, based on prevalence surveys and population estimates, with the observed
number of patients with SAM treated, should be highly correlated and the slope of

the regression line should give the best estimate of the correction factor

a+).
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To estimate the number of children with SAM in the population at the time of
the survey, the estimated prevalence was multiplied by the number of children
between 6 months and 59 months of age in the population. The population number
was obtained from either the value given in the survey report, or if this was not given,
taken from population data available for 0—4-year-olds from the Wolfram Alpha
computational knowledge engine for the specific location (Wolfram, 2016). This
number was multiplied by 1.125 to give a 54-month range (i.e., 54 / 48 = 1.125).
This was required for 8 out of the 24 surveys.

7.3.1 Statistical analysis

The statistical analysis used to correlate expected number of children to be treated,
based on prevalence surveys and population estimates, with the observed number of
patients with SAM treated included scatter plots, linear regression, and calculation
of Pearson’s correlation coefficient to evaluate the linear relationship between the
variables. The statistical analysis was done using R Language and Environment for
Statistical Computing version 3.21 software (R Development Core Team, 2016).

A bootstrap procedure was used to estimate the intercept and slope terms in the
regression model. Replicates were created by sampling the 24 observations with
replacement and fitting an ordinary least squares (OLS) linear regression model with
the intercept fixed at zero (regression through the origin):

SAM caseload over five months = § X SAM burden estimated from prevalence

to each of 9,999 replicates and recording the resulting slope (f) terms. The obtained
[ coefficient represents the best estimate of (1 + J) X C. The median of the
distribution of the recorded f terms was used as the point estimate and the 2.5th and
97.5th percentiles were used as the lower and upper 95% confidence limits
respectively. The bootstrap procedure was used because of the small available sample
size (i.e., n = 24).

7.3.2 Ethics

All the analysis was done on routinely collected archive data in which information
allowing identification of individual children was missing. Therefore, no specific

ethical approval was sought.
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74 Results

There was a statistically significant relationship between the number of SAM
children estimated from prevalence surveys and the number of SAM cases admitted
to SAM treatment programs treating SAM cases over five months after the survey.
The Pearson correlation coefficient was estimated to be » = 0.48 (95% CI = 0.12;
0.72). The estimate for the slope (§) was 2.17 (95% CI = 1.33; 3.79). The scatter plot
of the case load against estimated burden (Figure 5) shows each dataset point
represented by a letter representing the respective region of origin, based on United
Nations Statistics Division geographical groupings (United Nations Statistics
Division, 2016) of Central Africa (C) for Democratic Republic of the Congo; East
Atfrica (E) for Burundi, Somalia, South Sudan; North Africa (N) for North Sudan;
South East Asia (S) for Myanmar; and West Africa (W) for Niger and Guinea.

The estimate slope is an estimate of (1 + J) X C. Assuming constant incidence
and a coverage of 100%, we will have: | = 2.17 - 1 = 1.17 for a 5-month period.
Standardized for 12 months, | =1.17 X (12 + 5) = 2.81.
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SAM burden estimated from prevalence

Figure 5. Burden of severe acute malnutrition (SAM) cases estimated from prevalence data versus
total SAM admissions in first 5 months of program by region: Study 2.

Note: Slope; 2.17 (95% CI = 1.33; 3.79) intercept of the slope set at 0; Pearson’s r = 0.48 (95% CI
0.12; 0.72).
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75 Discussion

The results of this study show a moderate positive correlation between the estimated
numbers of SAM children based on prevalence surveys versus the number of
children admitted into SAM treatment programs that were opened or were operating
at the time of the survey.

When assuming a coverage of 100%, | was estimated at 2.81. This is higher than
J = 1.6 as suggested in the current guidelines (Myatt, 2014).

The wide confidence interval for the coefficient for the slope (f) in our study is
similar to the results of studies aiming at estimating the average duration of SAM
episodes in research settings, giving highly variable estimates from a few weeks to
several months (Garenne et al.,, 2009; Isanaka, Grais, Briend, & Checchi, 2011).
Duration of episodes is a determinant of the incidence conversion factor and
therefore duration with high variation implies large variations in the observed
coefficient (MacMahon & Pugh, (1970; Miettinen, 1976). There were also regional
variations found in our results when the slope was calculated by region but the
numbers of datasets from each region were too small to allow for firm conclusions.

This study has several limitations. First, the data used for this study only involved
admissions into SAM treatment programs within the first five months of the survey.
We can only assume that the incidence for the first five months would be similar
over the remaining months of the year.

Second, the data for coverage are lacking. We know that program coverage is
highly variable (Rogers, Myatt, Woodhead, Guerrero, & Alvarez, 2015). For our
analysis, the estimated value of | was 2.81 for one year, assuming a 100% coverage.
If we assume a 38.3% coverage, as reported by Rogers et al. (2011) as the mean level
of estimated coverage of 44 programs from 21 countries, the estimate of | becomes
considerably higher.

For 5 months we found:

1+))xC=217

1+]=217/0.383 = 5.67

J=5.67-1=4.67

Standardized for 12 months, | = 4.67 * (12 / 5) = 11.21

It is possible that | lies somewhere between these values, which is consistent with
other studies that found a range for the incidence conversion factor (J) of 4.3 to 9.5
in one study (Deconinck et al., 2016) and a pooled incidence conversion factor (J) of
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4.82, with a wide range amongst the three African countries, in another study
(Isanaka, Boundy, Grais, Myatt, & Briend, 2010).

Third, the data for this study are from 2005-2009, during a time when many
program managers were still using WHM from NCHS Growth Reference for
admission criteria to SAM treatment programs. It is difficult to assess what
implications the change to WHO Growth Standards would have on the relationship
between prevalence estimates and the number of treated children since, at the same
time, there was also a change from using WHM to the use of weight-for-height z-
scores (WHZ) and therefore different children would have been selected (Seal &
Kerac, 2007).

Fourth, estimating the under-five population might not be accurate due to
uncertain population data in many countries where recent census or accurate (e.g.
due to population displacement) population data are lacking.

Lastly, the data cleaning criteria that were used could have impacted our
prevalence estimates. SMART software was used for over 60% of the surveys. Since
SMART flagging/censoring criteria is one of the least inclusive (Crowe, Seal,
Grijalva-Eternod, & Kerac, 2014) it is possible that SAM prevalence could have been
underestimated by some surveys.

One final factor to consider is the interpretation of these results as related to the
increasing use of mid-upper arm circumference (MUAC) of less than 115 mm as
admission criteria to SAM treatment programs. As there is a mismatch between
MUAC and WHM/WHZ, this may weaken the link between prevalence and need
estimates therefore it is important to use prevalence estimates based on MUAC for
these programs (World Health Organization & UNICEF, 2009). The value for ] that
was calculated in this study was based on surveys and programs using WHM as a
case definition. The relationship between prevalence and incidence of SAM
measured by MUAC might be different than SAM measured by WHM/WHZ so the
same type of studies should be repeated for both MUAC-based surveys and
programs, and surveys and programs using a combination of WHM/WHZ and
MUAC.
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8 STUDY3

8.1 Aim

To compare the NCHS reference and WHO growth standards in determining
children most at risk of death

8.2 Study setting

At the time of this study MSF was using the NCHS growth references for their
nutrition programs since the WHO standards had just been released and had not
been officially introduced in Niger. Therefore, all children admitted into the program
were admitted based on the NCHS growth reference. MUAC-based programs were
still uncommon but MUAC was measured for all children upon admission. This
study was planned to see if switching to WHO growth standards in SAM programs
was worthwhile.

The study took place in Maradi, Niger in 2006. Niger is a country located in West
Africa and shares its borders with Chad, Libya, Algeria, Nigeria, Benin, Burkina Faso,
and Mali. The capital city is Niamey. The population of Niger is 17 million people.
The majority of the population lives in the southern part of the country where the
land is more suitable for cultivation. Maradi is in the southern part of the country
and boarders Nigeria. It is a major hub for agriculture trade and transport for the
south central region of the country. Since the population of Niger depends on
agriculture for their main sources of livelihood it makes the country very vulnerable
to unfavourable environmental events that can damage the crops. For example, the
drought of 2004, accompanied by the infestation of locusts, caused a decline in
available food since the overall agriculture production decreased by 12%. (The
World Bank, 2004). The Government of Niger collaborated with UNICEF and
CDC to conduct an emergency nutritional survey during 2004 to assess the degree
of malnutrition among the children less than 5 years old. Not surprisingly, the results
showed that among the children between 6 and 59 months of age, the GAM was
15.3%, which is above the critical point of >15% according to the Centre for Disease
Control (Centers for Disease Control and Prevention, 20006). In 2005 and 2006, more
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than 63,000 moderate and severely malnourished children less than 5 years old were
admitted into the therapeutic feeding program run by Médecins Sans
Frontieres/Doctors without Borders (Médecins Sans Frontieres, 2006b).

8.3 Participants

There were 54,661 children included in the dataset who were treated in the MSF
nutrition program in Niger. There was a median age of 20.5 months and 53% were
female. Figure 6 shows the process of exclusion for the study sample. Children were
excluded from the analysis who were transferred (n = 184), lost to follow-up (n =
2175), had missing data on mortality status (n = 171), or missing values on WHO or
NCHS indicators (n = 2312). The follow-up was passive. Children were considered
lost to follow-up if they missed three consecutive visits to the clinic. Children with
oedema (n = 386) were also excluded due to oedema having an influence on WHZ
and is often associated with poorer outcome. If the children presented with bilateral
pitting oedema, they were admitted based on their clinical signs rather than their
anthropometric measurements (in this case, weight-for-height percentage of the
median). The nutrition teams were instructed to indicate on the charts when the
children had oedema by checking a specific box on the chart. Children who had
missing information regarding oedema (n = 10 842) were included in the data
analysis as not having oedema because they did not have sufficient evidence of
oedema to be classified as such and thus were admitted to the program based on
their anthropometric measurements. Children were excluded if anthropometric data
were questionable (e.g., NCHS Z-score<—5; WHO Z-score <=6 [n = 145]; height
<49 cm or >110 cm [n = 6]) or if MUAC data were missing (n = 6494).
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65,534 Initial number of children

11 883 Exclusions
184 Transferred
11,152 Missing data
2,175 Follow-up
171 Mortality
2,312 WHO/NCHS
6,494 MUAC
386 Oedema
145 Uncertain measurements
6 Outside parameterst

*

53,661 Final number analyzed

Figure 6. Flowchart of children excluded from analysis: study 3.

*Questionable anthropomorphic data (i.e., Z-score <-5; WHO Z-score <—0; height <49 cm or
>110cm)

TOutside of the height parameters (i.e., height <49 or >110 cm); MUAC, mid-upper arm
circumference; NCHS, National Center for Health Statistics

8.4 Program description

The nutritional program consisted of 13 treatment centres which involved two
inpatient centres and 11 outpatient centres. The program was based on the
ambulatory (community-based) method where the children who did not have serious

complications, and able to eat, were given a supply of RUTF to take home on a
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weekly basis at the outpatient centres. The children were given two packages of
RUTF per day and the RUTF chosen by MSF was Plumpy Nut© (Nutriset,
Malaunay, France). Only those children with serious complications were admitted to
the inpatient centres for further medical care. Children were eligible for discharge
from the program when they reached a weight-for-height greater than 80% of the
NCHS median for two consecutive measurements and, as of November 20006, a
weight-for-height of greater than 85% of the median on one measurement. All

measurements were taken and treatment given by MSF staff.

8.4.1 Outcomes measures

For analysis purposes, children were reclassified from percentage of the median with
NCHS reference to Z-scores with WHO growth standards and the proportion of
deaths of the children based on the classification were compared.

8.4.2  Statistical analysis

The children were classified using the EpiNut software (Epi Info 6.0; Centers for
Disease Control and Prevention, Atlanta, Georgia) to calculate the percentage of the
median for the NCHS reference and the WHO software (igrowup macro; Geneva,
Switzerland) to calculate the Z-scores for the WHO growth standards. Statistical
analyses were performed with SPSS for Windows version 14.0 (SPSS, Chicago,
Illinois). The results are expressed with numbers and relative frequencies (%). The
Cox proportional hazards model was used to estimate the association between the
different standards and the risk of death. All of the analyzes were adjusted for the
following covariates: age, MUAC, place of admission (ICU or Ambulatory program)
and place of exit (ICU or ambulatory program), previous case of measles, anemia,
malaria, diarrhea, and high fever during the SAM treatment episode.

The hazard ratios were controlled for confounders that had been identified in
previously published work.

The proportional hazard assumption was tested by graphical methods. Estimated
hazard ratios and their 95% confidence intervals were determined. All of the analyzes

used 2-tailed tests. The level of statistical significance was set to 0.05.
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8.4.3  Ethical aspects

The database that was used for the study was already compiled by Médecins Sans
Frontiéres/ Doctors without Borders (MSF) and Epicentre. There was no further
data collection needed and there were no blood or tissue samples taken from the
children for the purpose of this study.

Consent for the children to be treated by MSF France was given orally by the
parent or guardian of the child upon admission to the program.

Further permission to use the data of the children was not obtained from the
children’s guardian because the identity of the children was not recorded in the
database. Children who were in the program were given an identification number
only. Application for approval from the ethics committee was submitted by the
researcher on behalf of the Department of Public Health and Clinical Nutrition at
the University of Kuopio in Kuopio, Finland. Approval was granted by the Research
Ethics Committee, Hospital District of Northern Savo, Kuopio, Finland.

8.4.4  Background characteristics of the participants

There were 53,662 children in the study, 28,664 (53%) were gitls and 24,998 (47%)
were boys. The average age was 20.5 months (5§D 8.3); gitls 21.3 (§D 8.4) and boys
19.7 (§D 8.1). The risk factors for death (i.e., presence of malaria, measles, diarrhea,
anemia, high fever, and place of admission and of exit) were similar in boys and girls.
Details are shown in Table 8.
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Table 8. Baseline characteristics of participants: Study 3

Boys Girls
Participants (1) 24,998 28,664
Age (months) 19.7 (8.1) 1 21384
% (n) % (n)

NCHS tool

Moderate malnourished 95 (23,749) 95 (27,602)

Severe malnourished 5 (1,241) 5 (1,069)
WHO tool

Moderate malnourished 35 (8,727) 79 (22,714)

Severe malnourished 65 (16,263) 21 (5,957)
Place of admission

1CU 13 (3,170) 10 (2,843)

Ambulatory 87 (21,781) 90 (25,798)
Place of exit

1ICU 5 (1,360) 5 (1,352)

Ambulatory 95 (23,6106) 95 (27,311)
Death

Alive 99.5 (24,850) 99.5 (28,539)

Dead 0.5 (140) 0.5 132
MUAC?

<110 3 (694) 2 689

>or =110 97 (24,296) 98 (27,982)
Anemia3

Yes 1 (217) 1 (203)
Diarrhea*

Yes 28 (6,924) 25 (7,004)
Measles®

Yes 1 (338) 1 (415)
Malaria (Paracheck)®

Positive 25 (6,138) 25 (7,010)
Fever

> 39 degrees Celsius 5 (1,198) 5 (1,275)

D

2mean upper arm circumference

3done by physical assessment checking lower eyelids

4verbal reports from mother if there was recent history of diarrhea
5verbal reports from mother if there was recent case of measles

¢ test for malatia using blood sample from finger prick
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85 Results

8.5.1 Difference in classification of children as either moderate or severely
malnourished according to the NCHS growth reference and the new WHO
growth standards

Table 9 shows that there are almost 40% of the total children in the program who
are classified as moderately malnourished according to NCHS standards but would
have been classified as severely malnourished if they had been assessed by the WHO
standards. Almost half the deaths in the program were in this group. The death rate

in boys was almost twice that in girls.
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8.5.2  Risk of mortality based on different growth reference/standards

The children classified as severely wasted by both NCHS reference and WHO
growth standards had 14 times higher risk of death in the program than those
classified as moderately wasted by both references (Table 10). The children classified
as severely wasted by the WHO standard but moderately wasted by the NCHS
reference were almost three times (95% CI, 2.15-3.85) more likely to die during the
program than those classified as moderate by both references. Half of the deaths in
the program consisted of children who would have been reclassified (129 children;
47%). Adjustments for age, sex, place of admission, and MUAC were done and the
OR of dying was still significantly higher in the moderate NCHS/severe WHO
group (OR, 2.27; 95% CI, 1.61-3.21) and in the severe NCHS/severe WHO groups
(OR, 4.11; 95% (I, 2.58- 6.55) compared with the reference category.

Boys and gitls classified as moderate NCHS/severe WHO had a significantly
increased risk of mortality compared with those classified as moderate NCHS/
moderate WHO in all three statistical models (T'able 11). The HR was 2.18 (95% CI,
1.23-3.89) for boys and 1.98 (95% CI, 1.27-3.07) for girls in the moderate
NCHS/severe WHO category when adjusted for MUAC, age, place of admission,
and place of exit. Further adjustments for measles, anemia, malaria, diarrhea, and
high fever were done and the risk increase remained significant. The risk increase in
the fully adjusted model was 95% in boys (HR,1.95; 95% CI, 1.06-3.55) and 71% in
girls (HR,1.71; 95% CI, 1.06-2.75). Table 12 shows the deaths of the children based
on age group for the whole program (n = 272) with the third highest number of
deaths occurring in the age group 6-11 months (14%). Table 13 shows the deaths
of the children based on age for the group that were classified as moderately
malnourished by NCHS growth reference but severely malnourished by WHO
growth standards. The results are similar to those of the overall deaths in the

program.
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Table 12. Deaths of children in nutrition program based on age groups: Study 3

Alive Death

% (n) % (n)
< 6 months 0 (12 0 0)
6-11 months 8 (4,138) 14 (37)
12-23 months 52 (27,985) 47 (127)
24-35 months 32 (17,344) 29 (79)
36-47 months 5 (2,685) 5 (15)
48-59 months 2 (950) 4 (10)
>60 months 1 (262) 1 4
Total 100 (53,376) 100 (272)

Table 13. Deaths of children who were classified as moderately malnourished by NCHS reference and
severely malnourished by WHO standard: Study 3

Deaths

% ()
<6 months 0 ©)
6-11 months 16 (20)
12-23 months 45 (58)
24-35 months 28 (36)
36-47 months 5 (7
48-59 months 4 ®)
>60 months 2 €))
Total 100 (129)

8.6 Discussion

This research was done when MUAC-based programs were uncommon and most
NGO’s were still using the NCHS growth reference for admitting children into their
nutrition programs.

The results of this analysis confirmed that the WHO growth standards classified
more children as severely wasted than the NCHS reference (de Onis et al., 2000;
Deshmukh, Dongre, Gupta, & Garg, 2007; Fenn & Penny, 2008; Nuruddin, Lim,
Hadden, & Azam, 2009; Onyango et al., 2007; Schwarz et al., 2008; Seal & Kerac,
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2007). The results also showed that children classified as moderately wasted by the
NCHS reference but classified as severely malnourished by the WHO standards had
three times the risk of dying during the program than the children who were
classified as moderately wasted by both standards. This group also contained almost
half of the total deaths in the program. The results of this study showed that the
subgroup who would be reclassified are vulnerable to mortality and thus benefit
from being classified using the WHO growth standards to ensure admission into a
nutritional program.

The WHO standards are known to classify more young children with SAM but
there are classification differences based on height depending on whether percent of
the median is used versus Z-scores (Seal & Kerac, 2007). This is difficult to show
with our study since we used percent of the median for NCHS and Z-scores for
WHO rather than percent of the median for both or Z-scores for both.

There are two main limitations to this study. The first limitation revolves around
the fact that the study was a retrospective analysis and thus we cannot make an
absolute comparison between the two standards because we do not have the children
included in the study who would have been considered moderately wasted according
to the WHO standards. We are only able to discuss the relative risk of the children
who were actually treated in the program and who were admitted based on the
NCHS standards. The ORs and HRs should be interpreted with caution. The ideal
information would only be available from a prospective study where children were
assessed with either the NCHS or WHO standards randomly, treated accordingly,
and assessed for survival.

The second limitation is that the NCHS growth charts that were used to measure
the children in the program were not sex-specific. Although charts do exist for both
boys and gitls in the NCHS growth reference, only a unisex reference chart was used
in this program. The values of the combined sex chart are the means of both boys
and girls. The WHO software (igrowup macro) that was used to reclassify children
based on the new WHO growth standards consisted of sex-specific charts, thus
limiting interpretation of results between boys and girls, but not affecting
interpretation of the overall results.

Considering many CMAM programs are now leaning towards the use of MUAC
for admission and discharge (World Health Organization, United Nations Children’s
Fund, & United Nations Standing Committee on Nutrition, 20006), we also chose to
include the MUAC in the analysis of mortality risk. Separate analyzes were made that
included MUAC and excluded MUAC and the main directions of the results were
similar. Including MUAC improved the statistical model, and all assumptions of the
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model held so thus we chose to present the results with MUAC included in the
model. It is known that there is a preferential selection towards selecting young
children when MUAC is used (Briend et al., 2015) so perhaps it may partially explain
its association with the risk of death. Again these results should be interpreted with
caution since we cannot make an absolute comparison between the two standards
while missing the children considered moderately wasted according to the WHO
standards.

This study suggests that the new WHO growth standards are a more inclusive
tool for identifying the children at high risk of mortality who require intensive
therapeutic rehabilitation. It is clear that changing to the WHO growth standards
from the NCHS growth reference involves organizations increasing their treatment
capacity (World Health Organization, United Nations Children’s Fund, & United
Nations Standing Committee on Nutrition, 2006) and permits more sensitive
identification of those most at risk of death from malnutrition. The results of this
study, in addition to some other studies (Lapidus et al., 2009; Minetti, Shams Eldin,
Defourny, & Harczi, 2009) on the WHO growth standards led MSF and other
agencies to stop using NCHS growth reference and move to using the WHO growth
standards for their nutrition programs.

It is evident when examining the research on the relationship between
anthropometric measurements and mortality that the ability of MUAC to identify
children at risk of dying is even better than WHZ. Since this study was not derived
from a representative sample of the whole population we cannot definitively
compare the value of different indices to assess the risk of death. However, previous
studies on unselected children taken from the community all show that MUAC is a
better indicator for mortality than weight for age, height for age or weight-for-height
(Alam et al., 1989; Bairagi, 1981; Briend et al., 2012b; Mwangome et al., 2012; Vella
etal., 1994; Van den Broeck et al., 1996) and thus should be taken into consideration

when deciding which admission criterion to use in programs.
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9 STUDY 4 AND STUDY 5

*Note: Due to the similarities in the objectives of Studies 4 and 5, the results and
discussions for both will be presented together at the end of Study 5.
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10 STUDY 4

101 Aim

To determine whether using MUAC >125mm as discharge criteria from nutrition
g g
programs instead of 15% weight gain would eliminate shorter treatment period for

more severely malnourished children

10.2  Study setting

At the time of this study, MUAC had become widely accepted as independent criteria
for identifying malnutrition and admission into nutrition programs (World Health
Organization & UNICEF, 2009). Based on the difficulties with using percent weight
gains for discharge in MUAC-based programs, as outlined previously, a decision was
made by MSF Switzerland to use MUAC as discharge criteria in their emergency
nutrition program in Gedaref, North Sudan. There was a need for simplicity,
especially due to the emergency situation, and there was limited time available to
train staff. The design of the emergency response provided a unique opportunity to
test the hypothesis that using MUAC as discharge criteria would remove the
problems observed with percent weight gain.

The study took place in Gedaref, North Sudan. Gedaref is a multiethnic state in
North Sudan with an estimated population of about 1.5 million people. It is known
for its strong crop production, producing the bulk of sorghum and sesame for the
entire country and is not normally perceived as a high risk state for food insecurity
(Food and Agriculture Organization of the United Nations, 2013). Gedaref had
experienced poor rainfall for three consecutive years during 2008—2010, resulting in
a 30% decrease in crop production during this time. As a result large numbers of
small farmers and agricultural workers experienced notable reduction in their
incomes and food sources, particularly among the lower socio-economic groups
(World Food Program, 2010). In June 2010 MSF, in collaboration with MoH,
conducted a food security assessment and rapid nutrition screening, using MUAC,
in the three localities of Al Qureisha, Ghala Al Nahal, and Butana in Gedaref State,

in response to a request from the MoH.
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Although the methodology was not suitable to provide an accurate estimate of
prevalence, it was clear by the screening that a large number of children were in
urgent need of therapeutic feeding. In addition, the response to the survey
questionnaire showed increasingly worrisome food security. MSF made the decision
to immediately open an emergency nutrition program in the localities of Al Qureisha
and Ghala Al Nahal to respond to the need. The data were collected from 77 main
ambulatory therapeutic feeding centres (OTP) throughout Al Qureisha and Gala
Alnahal localities that were run by MSF staff. All measurements were taken and
treatment given by MSF staff.

10.3  Participants

In the study, there were 753 children included in the dataset who were treated in the
MSF nutrition program in North Sudan. There was a median age of 18 months and
51% were female. Figure 7 shows the process of exclusion for the study sample.
Children that had missing admission data (n = 155) or discharge data (n = 64) were
excluded. Other exclusion included children that had percentage weight gain < 0
with no admission oedema or percentage MUAC gain < 0 with no admission oedema
(n = 17). Children who had a length of stay less than 14 days were excluded since
the majority of children were followed every 2 weeks (n = 33). Lastly, a small number
of children who were admitted with oedema and a MUAC greater than 115 (n = 12)
were also excluded since they all inevitably experienced weight loss when their

oedema was resolving.
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1034: Children meeting inclusion criteria

281: Exclusions
155 Missing admission measurements
64 Missing discharge measurements
33 Length of stay in program <14 days
17 Percentage weight gain <0 with no admission
oedema or MUAC gain <0 with no admission oedema
12 Admitted with oedema and MUAC >115

753: Children included in the analysis

Figure 7. Flowchart of children excluded from analysis: Study 4

104  Program description

In the study a community-based therapeutic feeding program with 4 SCs and 77
OTPs was used to treat the malnourished children. Children with MUAC <115 mm
and/or mild oedema had an initial assessment by a physician or medical assistant.
Children with good appetite and no severe medical complications (i.e., severe anemia
shock, sepsis, severe dehydration, anorexia, severe oedema) were classified as having
uncomplicated SAM and admitted to the OTP. These children received ready-to-use
therapeutic food as per WHO guidelines (World Health Organization, WEFP, United
Nations System Standing Committee on Nutrition, & UNICEF, 2007). All children
with MUAC <115 mm with severe medical complications and those requiring 24-
hour close observation were hospitalized in an SC until they were stable enough to
be transferred to an OTP, following the CMAM approach (Collins, 2004; World
Health Organization, United Nations Children’s Fund, & United Nations Standing
Committee on Nutrition 20006). All children in the program had their height, weight,
MUAC, and oedema checked at admission; weight, MUAC, and oedema were
checked at each visit; weight and MUAC were checked at discharge. The discharge
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criteria were defined as: MUAC >125 mm for two consecutive measurements plus
stable weight or continuing weight gain; absence of bilateral oedema for 4 weeks;

clinically well and with good appetite.

10.4.1  OQutcome

For analysis purposes, children were classified into different categories based on
admission MUAC (i.e., less than 100mm; 101-105mm; 106-110mm; 111-115mm)
and WHZ (i.e., Less than -4Z; -4Z to -3Z; -27 to -3Z; -17 to -27Z). Duration of
treatment and percent weight gain were compared across these categories. Percent
weight gain was also compared for different height categories (i.e., less than 65cm;
65-84.9cm; 85-110cm), height being used as a proxy for age in this population where
accurate ascertainment of age is difficult.

10.4.2  Statistical analysis

The statistical analysis was done by using MYSTAT (Stystat Software, Chicago,
Mlinois. 2008). WHO Anthro (version 3.2.2 January 2011) software was used to
calculate WHZ. The Kruskal-Wallis nonparametric test was used to compare lengths
of stay and percent weight gain by categories of MUAC at admission, height at
admission, and WHZ at admission. The nonparametric procedure was used because
it is robust to deviations from normality and because median length of stay is a more
useful measure of the average length of treatment episodes than is the mean length
of stay. The mean length of stay can be influenced by extreme values from (e.g.) a
handful of complicated cases. The null hypothesis for the Kruskal-Wallis test is that
the data in each group have the same distribution of the variable of interest.
Cochran’s test for linear trend was used when examining the association between
ordered and contiguous MUAC categories and the proportion of children achieving
a weight gain of at least 15%. The null hypothesis for Cochran’s test for linear trend

indicated that the slope of a regression line across the proportions was zero.

10.4.3  Ethical aspects

The database used was compiled by MSF. Written consent was not obtained from
the caretakers of the children used in this database as these data were collected as

part of routine patient monitoring and program evaluation. Furthermore, these data
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were entered anonymously before being used for this analysis. Ethical approval for
the study was given by the Ethical Review Board of MSF.

10.4.4  Background characteristics of the participants

There were 753 children included in the analysis. The median age was 16 months
and 52% of the children were female. Most of the children in the program (88%)
were between 6 months and 29 months of age. The profile of the study population
by age and sex is shown in Figure 8.

42 to 53
2 30w4l
€
o
£
[= 8
-
E, 18 to 29
%

6tol7

250 200 150 100 50 0 50 100 150 200 250

Males Females
Sex

Figure 8. Population profile of outpatient nutrition program: Study 4

10.5 Results

The results for (a) length of stay in relation to nutritional status on admission, (b)
percent weight gain of children in relation to nutritional status on admission, and (c)

response to treatment based on height, are displayed together with the results from
Study 5.
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10.6  Discussion

This study is discussed together with Study 5, after the results of both studies are
displayed.
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11 STUDY 5

1.1 Aim(s)

1. To determine whether using MUAC >125mm as discharge criteria from nutrition
programs instead of 15% weight gain would eliminate shorter treatment period
for more severely malnourished children

2. To determine the safety and practicability of using MUAC = 125 mm as a
discharge criterion for community-based management of SAM in children aged
between 6 and 59 months of age.

11.2  Study setting

This study re-examined the same question as Study 4 (response to treatment of
MUAC) but added a further component that involved following-up the cured
children after discharge and evaluating their outcomes in order to determine a level
of safety with using MUAC as discharge criteria.

Five outpatient health facilities run by the Government of Malawi Ministry of
Health (MoH) and located in Lilongwe District, Malawi participated in the study.
The research team was from Valid International and consisted of a research
coordinator, registered nurse and community mobilization officer and trained MoH
personnel who were trained in study protocols and assisted in measurements and
treatment of the children.

The study took place in Lilongwe District, Malawi. Malawi is found in the south-
eastern part of Africa with a population estimate of almost 16 million people with
45% of the population under the age of 15 years (World Health Organization, 2015).
Lilongwe is the largest city and the capital of the nation. The economy is heavily
based in agriculture, with a largely rural population (The World Bank, 2016). Malawi
has both high infant mortality and high prevalence of stunting.
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11.3  Participants

There were 257 children included in the dataset who were treated in the nutrition
program in Malawi and 155 children who were followed after treatment was
completed. The median age was 14 months and 55.3% were female. Figure 9
describes the outcomes of the children who were treated in the program and the

subsequent exclusions from follow-up

257 Children in OTP program

Outcomes:
163: Cured (63.4%)
36: Defaulters (14.0%)
10: Deaths (3.9%)
48: Not cured (18.7%)
8 Exclusions in Follow-up:
2: site closure”
3: moved to another district
3: lost to follow-up

155: Follow-up

Figure 9. Flowchart of children excluded from analysis: Study 5.

* The study was discontinued at two health centres due to a fall to a zero recruitment rate. Children
enrolled in the study at that time had care continued according to the standards of the Malawi national
guidelines for CMAM or if discharge had occurred, the discharge criteria were compared to ensure
this satisfied National Guidelines.
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11.4  Program description

In the study the children were treated by the VALID research team using the Malawi
national guidelines for community-based therapeutic care (Government of Malawi,
Ministry of Health, 2006) with a change of MUAC admission criteria for the
outpatient treatment for SAM from MUAC <110 mm to < 115 mm. This change
was in line with the planned revision of National Guidelines for CMAM to meet the
recommendations of the UN Joint Statement of 2009 children with uncomplicated
SAM as defined by a MUAC of less than 115mm and no medical complications
(World Health Organization & UNICEF, 2009). Children with a MUAC of less than
115 mm with concurrent bilateral pitting oedema were referred to inpatient care
according to the National Guidelines protocol (Government of Malawi, Ministry of
Health, 2007) but were admitted to the study if inpatient care was refused by the
carer or on return from inpatient care. Children had their weight, height and MUAC
measured on admission as well as an appetite test to confirm ability to consume the
RUTF required to be admitted for treatment as an outpatient. The children were
requested to attended outpatient treatment for SAM on a weekly basis and at each
visit the children were measured for weight and MUAC. The appetite for RUTF was
also re-tested.

Discharge criteria from the outpatient program was based on achieving a MUAC
of 125mm or greater on two consecutive clinic visits. The caregiver was given a
supply of RUTTF for 14 days that was calculated according to the weight of the child
on discharge. Children were referred to a supplementary feeding program (SFP) if
such a program was available within the area. Other outcomes from outpatient
program were if the children died, defaulted (i.e., was absent for three consecutive
visits) or was non-cured (i.e., had not reached the discharge criteria) after 16 weeks
(112 days) of treatment according to Malawi national guidelines (Government of
Malawi, Ministry of Health, 2007).

The children who were discharged as cured were followed up every two weeks
for a three-month period by Health Surveillance Assistants trained in the study
protocols. At each follow-up visit the children were assessed for illness (cough, fever,
diarrhea or vomiting) and their MUAC was measured. Children who had relapsed
(i.e., met the program admission criteria of MUAC = 115 mm or had bilateral pitting
oedema) or had deteriorated clinically was referred back to the health centre for
assessment and treatment. Relapsed children were eligible for re-admission to the
study if their MUAC was equal to or below 115 mm. children absent from their
home for two consecutive home visits were classified as being lost to follow-up
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(LTFU) after confirming with other members of the local community the
whereabouts of the family.

1141 Outcomes

There were two components of this study. The initial component analyzed the
percent weight gain and length of stay of children who were cured from the nutrition
program. For this analysis children were classified into different categories based on
admission MUAC (90-100mm; 100-110mm; 110-115mm) and length of stay and
weight gain as a proportion of weight at admission for three admission MUAC
classes were calculated. Additionally, as in Study 3, response to treatment based on
height was evaluated with children being divided into two categories of height (50-
65cm, 65-110cm) and their percent weight gain evaluated.

The second component of the study involved evaluating the outcomes (relapse,
death) of the cured children after a 3-month period post-discharge from the

program.

11.4.2  Statistical analysis

The statistical analysis was performed using the R Language for Data Analysis and
Graphics (R Development Core Team, 2016). The WHO Child Growth Standard
(World Health Organization, 2006) was used to calculate HFA, weight-for-age, and
WHZs. As in Study 2, the Kruskal- Wallis non-parametric test was used to compare
lengths of stay and proportional weight gain by categories of MUAC at admission
and categories of height at admission. The null hypothesis for the Kruskal-Wallis test
is that the data in each group have the same distribution of the variable of interest.

11.4.3  Ethical aspects

The study involved written consent being obtained by the parent (or primary
caregiver) of the children enrolled in the study and hence composing the database.
Each parent / caregiver signed an individual consent form detailing the proposed
treatment, the right to refuse enrolment into the study, the right to confidentiality
and anonymity, and that no payment would be received for participation. The study
complied with World Medical Association Declaration of Helsinki (Ethical
Principles for Medical Research Involving Human Subjects, 1964) and was approved
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by the National Health Sciences Research Committee of Malawi (NHSRC; Protocol
# 817).

11.44  Background characteristics of the participants

There were 258 children included in the analysis. The median age was 14 months
and 55.3% were female. Although the study protocol allowed inclusion of children
between 6 and 59 months of age, there were no children older than 51 months in
the study.

Table 14 outlines the basic characteristics of the children; who had concurrent
illnesses (defined as diarrhea, vomiting, fever, or acute respiratory symptoms); the
children who had complications severe enough to require transfer to inpatient care
prior to enrolment in the study; and the number of children who were tested (and
subsequently having positive results) for HIV. Table 15 outlines the mean and
median age, MUAC, height, and length of stay as inpatient in the program.

Table 14. Main characteristics of study subjects at admission (n = 2482): Study 5

Characteristic Number Proportion
Males 115 44.6%
Females 143 55.4%
Number with MUAC <115 mm ® only 248 96.1%
Number with MUAC < 115 mm and oedema 10 3.9%
Requiring inpatient care © 27 10.5%
No concurrent illnesses recorded 125 48.4%
Diarrhea d 56 21.7%
Vomiting d 23 8.9%
Fever d 65 25.2%
Respiratory illness 4 73 28.3%
HIV-positive & f 18 7.4%
HIV-negative 121 46.9%
HIV status not known (i.e., testing refused) 118 45.7%

a There were no refusals ; P MUAC tapes were matked in divisions of 1 mm and colour-coded. A ‘red
MUAC’, signifying SAM, was marked red at the 115 mm cut-off point ; ¢ Inpatient stabilization care prior
to enrolment in the study as per CMAM national guidelines ; 4 Does not sum to 100% due to some subjects
having multiple illnesses at presentation ; ¢ Serial HIV testing according to national protocol using
Determine™ and Uni-Gold Recombigen™ HIV assays ; f Prevalence of HIV in those tested was 13.6%.
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Table 15. Main characteristics of study subjects at admission (n = 248): Study 5

Characteristic Minimum (;E;de Median Mean (;EIE teife Maximum
Age at admission (months) 6.0 10.0 14.0 16.4 21.0 51.0
MUAC at admission (cm) 8.0 10.4 11.0 10.8 11.4 11.5
Height at admission (cm) 53.3 62.5 67.4 67.6 72.2 92.5
Median duration of 20 50 70 83 9.0 25.0

inpatient episode (days) *

2101 (39.2%) of admissions were below 65 cm in height.

11.5  Results

11.5.1  Length of stay and percent weight gain of children compared in relation to
nutritional status on admission for Study 4 and Study 5

Studies 4 and 5 both examined the length of stay and the percent weight gain of
children in the program. This was done in relation to their nutritional status on
admission.

In Study 4, the children admitted into the OTP and were cured were classified
into different categories based on admission MUAC (i.e., categories include: less than
100mm; 101-105mm; 106-110mm; 111-115mm). Children with lower MUAC at
admission had longer durations of treatment (p = 0.001 Kruskal-Wallis test), with
median durations of treatment in the lowest MUAC group of 75 days (IQR = 506;
97) and highest MUAC group of 56 days (IQR = 41; 75). The overall percent weight
gain of all children in the study was 21% (IQR = 14%; 29%). Children with low
MUAC also had higher percent weight gains (p < 0.001 Kruskal-Wallis test), with
median percent weight gain of 37% in the lowest MUAC group (IQR = 28%; 47%)
and 17% in the highest MUAC group (IQR 12%; 23%). See Figures 10 and 11.
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Figure 10. Length of stay by categories of MUAC on admission to outpatient therapeutic program:

Study 4.

The box extends between the upper and lower quartiles, the line in the box marks the position of the median,
the notches around the median show the extent of an approximate 95% confidence for the position of the
median. The whiskers extend to 1.5 times the interquartile distance above and below the upper and lower
quartiles, and the asterisks mark the positions of points more extreme than the range of values covered by

the whiskers.
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Figure 11. Percent weight gain by categories of muac on admission to outpatient therapeutic program:

study 4.

The box extends between the upper and lower quattiles, the line in the box marks the position of the
median, the notches around the median show the extent of an approximate 95% confidence for the
position of the median. The whiskers extend to 1.5 times the interquartile distance above and below
the upper and lower quartiles, and the asterisks mark the positions of points more extreme than the

range of values covered by the whiskers.
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The analysis in Study 5 yielded similar results as in Study 4 as outlined in Figure 12.
Children with lower MUAC at admission had longer durations of treatment
(Kruskal-Wallis test, p < 0.0001) with median durations of treatment in the lowest
MUAC group of 98 days IQR = 60 days — 105 days) and in the highest MUAC
group of 42 days (IQR = 35 days — 63 days). The median proportional weight gain
of all children in the study was 21% (IQR = 16%—27%). Children with lower
MUAGC:s experienced higher proportional weight gains (Kruskal-Wallis test, p <
0.0001) with median proportional weight gain of 42% in the lowest MUAC group
(IQR = 40%—47%) and 18% in the highest MUAC group (IQR = 14%—-22%).

The overall median length of stay of all children differ slightly with Study 5
participants having 60 days (interquartile range (IQR) = 43; 81) and Study 4 less with
49 days (IQR = 35 days; 77 days).
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Figure 12. Length of stay and proportional weight gain by MUAC at admission: Study 5

The box extends between the upper and lower quartiles with the thick line in the box marking the position
of the median. The whiskers extend to 1.5 times the interquartile distance above and below the upper and
lower quartiles, and the isolated points mark the positions more extreme than the range of values covered
by the whiskers.

Intervals (ranges) are expressed in ISO 31-11 form. The form (a,b] expresses the interval a < x < b. For
example, (90,100] is used to indicate the set {91, 92, 93, 94, 95, 96, 97, 98, 99, 100} of MUAC measurements
in millimetres.
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11.5.2  Response to treatment based on height

Study 4 and Study 5 also analyzed if response to treatment varied depending on the
height of the children. Since the children were admitted based on age (6 to 59
months) rather than height (65 to 110cm), analysis was done to see response to
treatment for children admitted in various height categories. For Study 4 the children
were divided into three categories (less than or equal to 64.9cm, 65 -84.9cm, and 85-
110cm) and Study 5 they were divided into two categories (50-65cm and 65-110cm).
This was done to investigate if children who were less than 65cm responded as well
as children above 65cm, the cut-off of 65cm being the common recommendation
for admission into nutrition programs in MSF and other NGOs (Médecins Sans
Frontieres, 2006). Children in Study 4 who were less than 65cm had at least equal
percent weight gain (p = 0.055) as those in the category of 65-84.9cm and both were
slightly higher than the category with children 85-110cm as seen in Figure 13. In
Study 5 the proportional weight gain was also inversely proportional to height at
admission for the two height classes (Kruskal-Wallis test, p = 0.0003) as seen in
Figure 14.

100 T

[e a0

W N O
FERE %

50 -1

Percent Weight Gain
— 7]
L

-50 1 L 1
Qg\«'-'f;9 c_>§5° .\.\QC'@
@‘9&\ éo-@ %@xo
Admission Height (cm)

Figure 13. Percent weight gain for different categories of height on admission to outpatient therapeutic
program: Study 4

The box extends between the upper and lower quartiles, the line in the box marks the position of the median,
the notches around the median show the extent of an approximate 95% confidence for the position of the
median. The whiskers extend to 1.5 times the interquartile distance above and below the upper and lower
quartiles, and the asterisks mark the positions of points more extreme than the range of values covered by
the whiskers.
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Figure 14. Length of stay and proportional weight gain by height at admission: Study 5.

For the box plots presented, the box extends between the upper and lower quartiles with the thick line in
the box marking the position of the median. The whiskers extend to 1.5 times the interquartile distance
above and below the upper and lower quartiles, and the isolated points mark the positions more extreme
than the range of values covered by the whiskers.

Intervals (ranges) are expressed in ISO 31-11 form. The form (a, b] expresses the interval a < x < b. For
example, (50,65] is used to indicate the set {51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65} of height

(supine length) measurements in centimetres.

11.5.3  Outcomes of children followed up for three months’ post discharge from
Outpatient Therapeutic Program using MUAC for admission and discharge:
Study 5

The outcomes of the children in Study 5 being followed for the three-month period
after being discharged as cured shows that 1.9% relapse to SAM and 1.3% had
nonviolent/non accidental death. These details are shown in Table 16.

None of the children identified as HIV-positive and discharged cured either
relapsed or died within the three-month follow-up period.

Details of the relapses and deaths are displayed in Table 17. Regarding the deaths,
one child did not have any record of illness the week prior to the recorded death and
the other did (i.e., diarrhea, vomiting, cough, and fever). Both children access to
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medical services at a hospital prior to death. Regarding the relapses, two children had

recordings of some kind of illness (i.e., cough, diarrhea) within the weeks leading up

to their relapse but one did not actually have recorded illness the week prior to

relapse (week 5) but rather on weeks 2 and 3. The third child was absent for more

than half of the follow- up visits and during the times that the child was present there

was no recording of illness.

Table 16. Outcome of children followed up for three months’ post-discharge: Study 5

Outcome Number Proportion and 95% CI
MUAC = 115 mm / no oedema 150 [92.6% — 98.9%]
Non-accidental / nonviolent death” 2 [0.2% — 4.6%]
Relapse 3 [0.4% — 5.6%)]
Non-accidental / non-violent death® or relapse 5 [1.1% — 7.4%)]

“No other deaths were recorded (even for accidental or violent causes).
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11.6  Discussion (papers 4 and 5)

11.6.1  Analysis of the broader implications of using MUAC in nutritional programs
with particular focus on response of MUAC to treatment

Since the acceptance of MUAC as independent admission criteria for SAM
treatment, the criteria for discharge continued to be debated. Using WHZ
parameters could not be recommended as there is an imperfect match between
MUAC and WHZ and some children may qualify for discharge shortly after
admission or even on admission. For simplicity, it would be easier to use the same
criteria for admission and discharge, as indicated by the update from WHO in 2013
(World Health Organization, 2013), however there was little data on response to
treatment of this anthropometric measurement. For this reason, WHO initially
recommended percent weight gain for discharge, despite the expected undesirable
effect of having shorter duration of treatment for the most malnourished children
(World Health Organization, United Nations Children’s Fund, United Nations
Standing Committee on Nutrition 2000).

Further concerns of using MUAC as discharge include: 1) the fact that some
suspect that children with low MUAC are often just young and small and not actually
malnourished thus do not respond to treatment, and 2) concerns regarding the safety
of discharge based on MUAC since there had been no studies done following the
children after discharge (Emergency Nutrition Network, 2012).

Both Study 4 and Study 5 showed that using MUAC as discharge criteria
eliminates the effect of shorter treatment in most severely malnourished children
and longer treatment for least severely malnourished, as observed with percent
weight gain. The findings directly address the main concern that had been identified
with using the current WHO recommendation of percent weight gain in some
MUAC-based programs.

The studies also confirmed that as a result of the longer treatment, the most
severely malnourished children, i.e., those with the lowest MUAC on admission,
achieve a higher percent weight gain than the recommended 15%.

One limitation of Study 4 is the number of children who were excluded from the
analysis (281) as shown in Figure 7. Most exclusions (81%) were due to missing
admission and discharge measurements, mainly due to missing height data. Since we
were working with routine program data from an emergency nutrition program it
was difficult to avoid some missing data. We did, however, explore this by comparing

admission MUAC in the dataset prior to these exclusions and no significant
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differences were found from the final results so biases from the exclusions seem
unlikely.

A main limitation from Study 5 involves the high number (18.9% of all children
and 15.8% for children identified as HIV-positive at admission) of children who did
not respond to treatment in the program and thus decreased the number of children
in the follow-up sample. This appeared to be due to non-compliance with CMAM
treatment despite several interventions to improve compliance.

Our results from both Studies 4 and 5 suggest that MUAC responds to treatment
and that using MUAC as discharge criteria leads to an average similar percent weight
gain to the 15-20% recommended by WHO. The results from both Study 4 and 5
also showed similar median duration of treatment as found in CMAM programs
using the same discharge criterion (Goossens et al., 2012). These results were not
influenced by the height of the child, dispelling some scepticism that smaller children
(i.e., children less than 65-67cm in length) do not respond to treatment as well. Other
studies done on this topic after our study showed that MAM children under 67cm
in length also responded well to treatment (Fabiansen et al., 2016) further
highlighting the need to include these small children in nutrition programs.

Overall our results showed that the duration of treatment and percent of weight
gain are higher in the most malnourished children, regardless of their size, which

seems preferential in order to ensure the most successful treatment possible.

11.6.2  Analysis of the safety of using MUAC as discharge criteria by following the
outcomes of children after being discharged from a nutritional program

One main factor regarding the use of MUAC as discharge criteria that was missing
and not assessed in Study 4 was the outcome of the children after being discharged
from the program having reached the discharge criteria of MUAC > 125 for two
consecutive weeks. The second part of Study 5 involved the follow-up of children
who were cured from the nutritional program for a period of three months’ post
discharge and the results showed MUAC = 125 mm as a safe discharge criterion with
an acceptable level of negative outcomes at three months’ post discharge in the
context of Malawian MoH outpatient care facilities. The negative outcomes were not
associated with failing to meet the accepted discharge criteria for outpatient care
using the WHZ > —2 Z-scores criterion as all children were > —1 Z-score.

A key limitation in this Study 5 is that there is no recognized standard to measure
post program success and thus the conclusion regarding safety is based on a
benchmark of <10% mortality that was established through consultation with
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experts at FANTA / AED and the WHO. Further work is needed to determine a
standard which is considered acceptable or ‘successful’.

Furthermore, since there is no previous research done on this topic, the analysis
in this study design was not able to demonstrate an alternative discharge criterion
would have resulted in fewer negative outcomes than a discharge criterion of MUAC
2> 125 mm.
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12 GENERAL DISCUSSION

12.1  Overall public health implications and future research directions
from all five studies

Based on the literature review and the studies included in this thesis there are several
public health implications that can be outlined and suggestions for possible future
research.

As a result of the research done using the PROBIT method for estimating the
prevalence of acute malnutrition it is recommended that further work be done to
assess the use of the PROBIT method for sentinel-site surveillance systems using
repeated small sample surveys or small spatially stratified samples so as to allow the
course mapping of prevalence. These types of surveillance systems can be useful in
allowing for earlier detection in changes of nutritional status of a population and
allow for timely interventions to avoid nutritional crises. When estimating prevalence
with larger samples it is recommended to continue to use the classical method for
estimating the prevalence of acute malnutrition.

The estimation of incidence from prevalence may require revision of the currently
used incidence conversion factor (J). Appropriate values for | may vary among
different locations and thus further work among different regions would prove
beneficial. Program data should be regularly analyzed to refine the estimate of this
correction factor with focus on the possible differences in the incidence conversion
factor when using MUAC for both surveys and program data. The accurate
estimation of caseload for SAM treatment programs is critical for resource planning
for both government and non-governmental bodies, thus it is essential that further
work be done to allow for improvement on the currently suggested guidance.

When using WHZ in nutrition programs it is important to use the new WHO
growth standards rather than the NCHS growth reference for the better
inclusiveness of children at risk of mortality.

Regarding nutritional programs for severely malnourished children there is an
increasing trend to use MUAC for both admissions to and discharge from programs
due to the simplicity of the measurement tool and the important findings of the
ability of the tool to provide a longer duration of treatment and a higher percent

weight gain for the most malnourished.
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Lastly, the post-discharge outcomes of the children treated in a MUAC-based
program appear to be safe however due to the limited research on this topic it is
important for follow-up studies of children discharged with a MUAC = 125 mm
with close monitoring of relapse and risk factors to confirm its validity. Future work
on identifying specific risk factors for relapse would be beneficial as it would allow
for creating specific guidelines or protocols for those children having the identified
risk factors. Additionally, there is a need to establish a ‘safe’ standard for post

discharge outcomes to have a benchmark for comparison.
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13 CONCLUSIONS

The main findings of this thesis can be summarized as follows:

94

. The classical method is preferred for estimating acute malnutrition prevalence

from large sample surveys. The PROBIT method may be useful in sentinel-site
surveillance systems with small sample sizes.

It is possible to estimate a correction factor (K) to be used when calculating
expected numbers to be admitted into a CMAM program based on prevalence.
However, K may vary among different locations.

The WHO growth standards identify more children as severely wasted compared
with the NCHS growth reference, including children at high mortality risk who
would potentially otherwise be excluded from some therapeutic feeding
programs.

Using MUAC as the discharge criteria eliminates the effect of shorter treatment
in most severely malnourished children compared to least severely malnourished,
as is observed with percent weight gain. MUAC could be used as discharge
criteria, instead of percent weight gain, as having a longer duration of treatment
and a higher percent weight gain for the most malnourished is highly desirable.

MUAC = 125 mm is a safe discharge criterion and the use of MUAC for
discharge criteria is confirmed as being preferential over using proportional
weight gain since the most severe cases receive longer treatment and achieve
higher weight gain which is highly desirable.
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Abstract

Objective: Prevalence of acute malnutrition is classically estimated by the
proportion of children meeting a case definition in a representative population
sample. In 1995 the WHO proposed the PROBIT method, based on converting
parameters of a normally distributed variable to cumulative probability, as an
alternative method requiring a smaller sample size. The present study compares
classical and PROBIT methods for estimating the prevalence of global, moderate
and severe acute malnutrition (GAM, MAM and SAM) defined by weight-for-
height Z-score (WHZ) or mid-upper arm circumference (MUAQC).

Design: Bias and precision of classical and PROBIT methods were compared
by simulating a total of 1-26 million surveys generated from 560 nutrition
surveys.

Setting: Data used for simulation were derived from nutritional surveys of children
aged 6-59 months carried out in thirty-one countries around the world.
Subjects: Data of 459 036 children aged 6-59 months from representative samples
were used to generate simulated populations.

Results: The PROBIT method provided an estimate of GAM, MAM and SAM using
WHZ or MUAC proportional to the true prevalence with a small systematic
overestimation. The PROBIT method was more precise than the classical method
for estimating the prevalence for GAM, MAM and SAM by WHZ or MUAC for

small sample sizes (i.e. 7<<150 for SAM and GAM; 7 < 300 for MAM), but lost this Keysvl\,’:,::,ss
advantage when sample sizes increased. Nutrition
Conclusions: The classical method is preferred for estimating acute malnutrition PROBIT
prevalence from large sample surveys. The PROBIT method may be useful in Weight-for-height

sentinel-site surveillance systems with small sample sizes. Mid-upper arm circumference

The prevalence of acute malnutrition is widely used to
assess the nutritional status of populations of children
aged 6-59 months in developing countries and to plan
nutrition programmes. Moderate acute malnutrition (MAM)
is defined as a weight-for-height Z-score (WHZ) <—2 and
=-—3 without bilateral pitting oedema and severe acute
malnutrition (SAM) as WHZ < —3 or the presence of bilat-
eral pitting oedema?. In these definitions, WHZ is most
frequently calculated using the WHO growth standards"®.
The most commonly used method for estimating the
prevalence of global acute malnutrition (GAM; grouping
MAM and SAM), MAM and SAM is by conducting two-
stage cluster sampled surveys requiring the measurement
of several hundreds of children, typically 900 children
(thirty clusters of thirty children) for achieving a sufficient
precision for decision making®®. In 2006, the SMART
(Standardized Monitoring and Assessment of Relief and

*Corresponding author: Email dalenmca@yahoo.com

Transitions) method was introduced addressing the
problems of lack of standardization and lack of metho-
dological rigour in the way nutritional surveys were
undertaken”. The method allowed for standardization of
surveys for the assessment of nutrition emergencies and
provided a generic tool that can be used by various
organizations working in the field”. Despite the con-
sistency in methodology and analysis that this method
has provided for the nutrition community, there remains
concern about the difficulty in obtaining usefully precise
estimates of SAM prevalence, the large sample size
required within the constraints of security and accessi-
bility to villages, and the cost in applications such as
surveillance by repeated cross-sectional surveys.

The classical method of estimating prevalence is to
calculate the number of children meeting a case definition
in the sample divided by the total number of children in

© The Authors 2012
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the sample. In 1995, the WHO proposed the PROBIT
method as an alternative method for prevalence estimation.
The PROBIT method estimates prevalence indirectly using
the inverse cumulative normal distribution function, which
converts parameters of a normally distributed variable (i.e.
the mean and standard deviation) to cumulative probability
below any cut-off, which is equivalent to the proportion of
individuals below the cut-off®. The 1995 WHO document
states that the main advantage of the PROBIT method is that
it requires a smaller sample size than the classical method®,
however, no evidence of this is given. Golden and Grellety
stated in 2002 that ‘calculation from the mean and standard
deviation could give a more rapid, efficient and precise
estimate of the extent of malnutrition than counting affected
individuals®. There was no specific evidence provided
either and no further work on this has been done, although
this did lead to the inclusion in the SMART software output
of PROBIT estimated prevalence.

The aim of the present study was to compare the
PROBIT method with the classical method for estimating
prevalence of GAM, MAM and SAM using a computer-
based simulation approach to generate populations from
real-world survey data sets and then simulate surveys
sampled from these populations. Bias in the estimation of
prevalence using the classical and PROBIT methods was
investigated. The precision obtained for a given sample
size when using the classical and PROBIT methods for
estimating prevalence were compared.

In addition to weight-for-height, WHO and UNICEF
also recommend a SAM case definition based on mid-upper
arm circumference (MUAC) of <115mm or the presence
of bilateral pitting oedema™”. Several agencies also use
MUAC = 115mm and <125mm as a MAM case definition
for programmatic purposes'”. We also tested the PROBIT
and classical methods using these case definitions.

Methods

The classical method and PROBIT method for calculating
prevalence of acute malnutrition were compared using
computer-based simulations. First, populations were created
from a database of existing surveys. Then surveys describing
these populations were simulated by sampling from popu-
lations created from these original survey data sets.

Database

The database used in the analysis consisted of 560
nutritional surveys involving children aged between 6
and 59 months from thirty-one different countries, total-
ling 459 036 children. The surveys were carried out by
eleven different organizations involved in nutrition pro-
grammes throughout the world. The surveys included
measurements of weight, height, MUAC and assessment
of oedema. WHZ was calculated using the WHO growth
standards”. A summary of the prevalence results for GAM,
MAM and SAM from the surveys is shown in Table 1.

859

Table 1 Summary of prevalence results from the 560-survey data set

MUAC WHZ
GAM MAM SAM GAM MAM SAM
Minimum (%) 1-34 067 000 084 053 000

Lower quartile (%) 7-13 5-23 148 6-71 4-81 1-52
Median (%) 10-76 798 2:70 1066 7-78 2-59
Mean (%) 1255 8-81 374 12:85 927 3-58
Upper quartile (%) 15-93 11-37 471 17-85 13-18 4-59
Maximum (%) 49-69 27-04 23-56 43-03 30-04 18:03

MUAC, mid-upper arm circumference; WHZ, weight-for-height Z-score;
GAM, global acute malnutrition; MAM, moderate acute malnutrition; SAM,
severe acute malnutrition.

Table 2 Case definitions of acute malnutrition used in the present
study

GAM by WHZ WHZ* < -2 or oedema

GAM by MUAC MUAC < 125 mm or oedema

MAM by WHZ -3 =WHZ* < -2 without oedema

MAM by MUAC 115mm = MUAC < 125 mm without oedema
SAM by WHZ WHZ* < —3 or oedema

SAM by MUAC MUAC < 115mm or oedema

GAM, global acute malnutrition; WHZ, weight-for-height Z-score; MUAC,
mid-upper arm circumference; MAM, moderate acute malnutrition; SAM,
severe acute malnutrition.

*WHZ using the WHO growth standards®.

Creation of simulated populations

Each of the 560 surveys in the database was used to create
a simulated population of 17000 children by sampling
with replacement from the survey data set. This size of
population was chosen as being typical of the popula-
tions in which nutritional anthropometry surveys are
commonly performed. Highly improbable values of the
selected indicator were censored before the population
was created (i.e. records in which weight-for-height was
<—5sp or >5 sp from the WHO growth standard median
or MUAC was <80mm or >240mm) and appropriate
case definitions (Table 2) were applied to the remaining
records. Sampling with replacement from the survey data
sets was done to create simulated populations of the
desired size.

Simulating surveys with different sample sizes
Each of the 560 simulated populations was sampled using
simple random sampling without replacement. Fifteen
different sample sizes (fifty, seventy-five, 100, 125, 150,
175, 200, 225, 250, 275, 300, 350, 400, 450 and 500) were
used for these simulated surveys. One hundred and fifty
surveys were simulated for each sample size from each
population. This process led to a total of 1:26 million
simulated surveys: 560 populations X 15 sample sizes X
150 simulations = 1-26 million simulated surveys.

Calculation of true prevalence in the simulated
populations

We calculated the true prevalence in each simulated
population by counting the number of children meeting
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the case definition of SAM or MAM and calculating the
ratio of this number to the total population.

Estimation of prevalence with classical and
PROBIT metbods in the simulated surveys

First, we calculated the prevalence using the classical
method, by counting the number of children with the case
definition of SAM or MAM in the simulated survey and
calculating the ratio of this number to the total sample.
Second, we estimated the prevalence with a PROBIT
method. We used three different PROBIT approaches. The
first approach was based on the approach recommended
by WHO that involved the sample median WHZ and
assuming sp = 1. The second approach used the sample
mean and sp. The last approach involved the sample mean
and sp calculated from data transformed towards normal,
as explained below. Prevalence estimates for all three
approaches using the PROBIT function were looked at as
the cumulative probability of WHZ<—2 (GAM), WHZ < —3
(SAM) with and without oedema, and —3=WHZ< —2
(MAM). The approach using median and sp =1 was not
applicable to MUAC because the assumption that so =1 is
only applicable to WHZ which is assumed to follow the
standard normal distribution. The two other approaches of
the PROBIT function were used to calculate prevalence
estimates as the cumulative probability of MUAC < 125 mm
(GAM), MUAC < 115 mm (SAM) with and without oedema
and 115 mm = MUAC < 125 mm (MAM).

Investigating normality of distributions

We investigated the normality of distributions of anthro-
pometric indices in the simulated surveys using the
Shapiro-Wilk test"'?. If there was evidence of non-normality
(i.e. P<0-05 for the Shapiro—-Wilk test) then data were
transformed towards normality using a power transfor-
mation with the transforming power found using the
Box—Cox method"?’.

Investigation of bias and precision

Bias was investigated for the PROBIT method by the
estimation of mean error (true prevalence minus esti-
mated prevalence). Figure 1 shows an example of the plot
of true prevalence against the difference between true
and estimated prevalence for the PROBIT method. Figure 1
involves GAM prevalence by MUAC using PROBIT with
transformed data with a sample size of 250 created using
twenty replicates (a small number of replicates was used
for illustrative purposes). Precision was investigated by
the 95% limits of agreement (mean (error) = 1-96 X sp
(error)™™. For all methods, the half width of the 95%
limits of agreement was calculated for different sample
sizes based on the 150 simulated surveys. The analyses
were also performed excluding children with oedema as
we suspected that oedema might bias WHZ upwards,
leading to downwardly biased estimates of prevalence.
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Fig. 1 Example of the plot of true prevalence v. the difference
between true and estimated prevalence for the PROBIT
method (global acute malnutrition prevalence by mid-upper
arm circumference)

Results

Bias

Biases are shown for the three PROBIT methods for GAM,
MAM and SAM defined by WHZ in Table 3. They indicate
that the methods using mean and sp of non-transformed
and transformed data are similar, with the method using
median and sp =1 inferior for both GAM and SAM but
slightly better for MAM. Biases for the two PROBIT
methods for GAM, MAM and SAM defined by MUAC again
showed similarity between the methods using mean and
sp of transformed and non-transformed data (Table 4).
The biases for the classical approach are not shown since
the classical method is known to be generally unbiased
and the results of the simulations showed that any ‘bias’
was very close to zero and evenly distributed around
zero. Results without oedema are not shown since
excluding oedema in the analysis did not substantially
change the results.

Precision

Figure 2 shows precision for the classical method and
three PROBIT methods for GAM, MAM and SAM using
WHZ and the classical and two PROBIT methods
for GAM, MAM and SAM using MUAC. The precision
of the PROBIT methods (using the mean and sp of the
survey with transformed and non-transformed data) is
slightly better than for the classical method for sample
sizes <150 for GAM and SAM for both MUAC and
WHZ. However, the precision of the PROBIT method
(using the mean and sp of the survey with transformed
and non-transformed data) is better for MAM for sample
sizes n<300 for both MUAC and WHZ. The method
using median and sp=1 is generally inferior to the
classical method except for small sample sizes for
MAM. Results without oedema are not shown since
excluding oedema in the analysis did not substantially
change the results.
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Table 3 Bias (true prevalence minus calculated prevalence, in percentage points) for acute malnutrition according to weight-for-height in simulated surveys

GAM by WHZ MAM by WHZ SAM by WHZ
(WHZ < —2 or oedema cases) (=3 =WHZ < -2 without oedema) (WHZ < —3 or oedema cases)
Median and Mean Mean and sp (power Median Mean Mean and sp (power Median Mean Mean and sp (power
Sample size sp=1* and spt transformed)t and sp=1 and sp transformed) and sp=1 and sp transformed)
50 2.23 -0-10 —-0-01 0-29 —0-84 -0-69 1-95 0-73 0-68
75 2-34 -0-11 —0-04 0-35 -0-89 -0-74 1-99 0-78 0-70
100 2:42 -0-07 —0-02 0-40 —0-88 -0-74 2:02 0-81 0-71
125 2-45 -0-07 —0-04 0-41 -0-91 -0-76 2:04 0-83 0-72
150 2-47 —0-08 —0-05 0-42 -0-92 -0-78 2:05 0-84 0-72
175 2-50 —0-05 —0-03 0-46 —0-89 -0-75 2-:04 0-84 0-71
200 2-50 -0-07 -0-07 0-45 -0-92 -0-79 2-05 0-84 0-71
225 2-52 -0-07 -0-07 0-47 -0-91 -0-78 2:06 0-84 0-71
250 2-50 -0-07 —0-08 0-46 -0-93 -0-79 2-05 0-85 0-71
275 2-54 -0-07 —0-08 0-47 -0-93 -0-79 2:07 0-86 0-71
300 2-53 —0-06 —0-08 0-47 -0-93 -0-79 2:07 0-86 0-70
350 2-56 -0-07 —0-09 0-49 -0-93 -0-78 2:07 0-86 0-69
400 2-55 —0-06 —0-09 0-48 -0-94 —0-80 2-:08 0-87 0-70
450 2-55 —0-06 -0-10 0-48 —0-94 -0-79 2-07 0-87 0-69
500 2-57 —0-06 -0-10 0-50 —0-94 -0-79 2-08 0-87 0.69

GAM, global acute malnutrition; MAM, moderate acute malnutrition; SAM, severe acute malnutrition; WHZ, weight-for-height Z-score.
*Sample median WHZ and assuming s = 1.

tSample mean WHZ and sp.

$Sample mean WHZ and sp with data transformed towards normal.

Table 4 Bias (true prevalence minus calculated prevalence, in percentage points) for acute malnutrition according to mid-upper arm circumference in simulated surveys

GAM by MUAC MAM by MUAC SAM by MUAC
(MUAC = 125 or oedema cases) (115 mm = MUAC <125mm) (MUAC < 115mm or oedema cases)
Sample size Mean and sp* Mean and sp (power transformed)t Mean and sp Mean and sp (power transformed) Mean and sp Mean and sp (power transformed)
50 -0-84 -0-84 —0-89 -0-84 0-05 0-05
75 -0-82 -0-82 -0-93 -0-82 0-11 0-11
100 -0:82 —0-81 -0-94 —0-81 0-12 0-12
125 —-0-81 —-0-81 -0-95 —-0-81 0-14 0-13
150 —0-81 —0-80 —0-95 —0-80 0-15 0-13
175 —0-80 -0:79 —0-96 -0:79 0-16 0-14
200 —-0-80 -0-79 —0-96 -0-79 0-16 0-13
225 —0-81 -0-79 -0-97 -0-79 0-16 0-13
250 -0-79 -0-78 -0-97 -0-78 0-18 0-13
275 —-0-80 -0-78 -0-97 -0-78 0-18 0-13
300 —0-81 -0-78 —0-98 -0-78 0-18 0-12
350 —-0-80 -0-78 —0-99 -0-78 0-19 0-12
400 -0-79 -0:76 -0-98 -0:76 0-19 0-11
450 —0-80 -0-77 —0-99 -0:77 0-18 0-09
500 —-0-80 -0-77 —0-98 -0-77 0-19 0.09

GAM, global acute malnutrition; MAM, moderate acute malnutrition; SAM, severe acute malnutrition; MUAC, mid-upper arm circumference.
*Sample mean MUAC and sp.
tSample mean MUAC and sp with data transformed towards normal.
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Fig. 2 Observed precision for global acute malnutrition (GAM), moderate acute malnutrition (MAM) and severe acute malnutrition
(SAM) calculated by the classical method (——) or the PROBIT approaches (- - -, median and s = 1; - - -, observed mean and sp;
————— , transformed data) using mid-upper arm circumference (MUAC) or weight-for-height Z-score (WHZ), according to sample
size in simulated surveys: (a) GAM by MUAC; (b) GAM by WHZ; (c) MAM by MUAC; (d) MAM by WHZ; (e) SAM by MUAC; (f) SAM
by WHZ

Discussion The study confirms that the PROBIT method can esti-

mate prevalence of GAM and MAM using WHZ or MUAC.

The main limitation of the present study was that it
was impractical to know the true prevalence of a large
number of populations and to perform repeated surveys
to estimate bias and precision of different estimators. The
only feasible approach to testing the validity of the
PROBIT approach was through simulation of surveys.

The PROBIT method provides an estimate of prevalence
that is proportional to the true prevalence with a small
bias that can be corrected for by simple subtraction of a
small value found of bias in Table 2. The study shows,
however, that the PROBIT method is inferior to the clas-
sical method for estimating the prevalence for SAM by
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WHZ or MUAC at sample sizes 7> 150, although it does
seem suitable for small sample sizes which may be useful
for applications such as surveillance. These results do not
seem to be influenced by a bias resulting from the
inclusion of cases with bilateral pitting oedema since the
results are similar with or without oedema in the analysis.

For WHZ, the PROBIT method of mean with observed
sp of the data shows an improvement compared with
using sp = 1. This suggests that when choosing to use the
PROBIT method, it would be useful to use the observed
sp to calculate prevalence. Checking for normality and,
if necessary, transforming data towards normality may
further improve the estimation.

An explanation for the PROBIT method not estimating
the prevalence of SAM as well as the classical method may
be that perhaps the tail of the distribution of WHZ or MUAC
does not follow the normal distribution and relates to chil-
dren who may have other health problems in addition to
primary malnutrition. One could argue that SAM children do
not predictably follow the general pattern due to fact that
they are often infected or suffer from a family crisis which
makes them shift in an unpredictable way.

In conclusion, the PROBIT method could be useful in
sentinel-site surveillance systems using repeated small sample
surveys or small spatially stratified samples so as to allow the
course mapping of prevalence. The classical method should
be preferred when estimating prevalence with larger samples.
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ARTICLE

Comparison of the New World Health Organization
Growth Standards and the National Center

for Health Statistics Growth Reference Regarding
Mortality of Malnourished Children Treated

in a 2006 Nutrition Program in Niger

Nancy M. Dale, BScN, MPH; Rebecca F. Grais, PhD, MPP; Andrea Minetti, MD;
Juhani Miettola, MD, DTM&H; Noel C. Barengo, MD, PhD, MPH

Objective: To compare the National Centre for Health
Statistics (NCHS) international growth reference with the
new World Health Organization (WHO) growth stan-
dards for identification of the malnourished (wasted) chil-
dren most at risk of death.

Design: Retrospective data analysis.

Setting: A Médecins Sans Frontieres (Doctors Without
Borders) nutrition program in Maradi, Niger, in 2006 that
treated moderately and severely malnourished children.

Participants: A total of 53 661 wasted children aged 6
months to 5 years (272 of whom died) in the program
were included.

Interventions: EpiNut (Epi Info 6.0; Centers for Dis-
ease Control and Prevention, Atlanta, Georgia) soft-
ware was used to calculate the percentage of the median
for the NCHS reference group, and the WHO (igrowup
macro; Geneva, Switzerland) software was used to cal-
culate z scores for the WHO standards group of the 53 661
wasted children.

Ovutcome Measures: The main outcome measures are
the difference in classification of children as either mod-
erate or severely malnourished according to the NCHS
growth reference and the new WHO growth standards,
specifically focusing on children who died during the
program.

Results: Of the children classified as moderately wasted
using the NCHS reference, 37% would have been clas-
sified as severely wasted according to the new WHO
growth standards. These children were almost 3 times
more likely to die than those classified as moderately
wasted by both references, and deaths in this group con-
stituted 47% of all deaths in the program.

Conclusions: The new WHO growth standards identi-
fies more children as severely wasted compared with the
NCHS growth reference, including children at high mor-
tality risk who would potentially otherwise be excluded
from some therapeutic feeding programs.
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ALNUTRITION IS A PAR-
ticular concern in de-
veloping countries and
has resulted in more
than 146 million chil-
dren being underweight.! It appears that
50% of all deaths in children younger than
5 years in developing countries result from
malnutrition.*?

The 2 classifications for malnourished
children based on the criteria outlined by the
World Health Organization (WHO) are acute
malnutrition and chronic malnutrition, both
severe and moderate. These classifications
are based on clinical signs and anthropomet-
ric measurements from international growth
charts endorsed by the WHO.*

Severe acute malnutrition (wasting) in
children is defined as a having a weight-
for-height of less than 70% weight-for-

height body size or less than -3 SD on a
weight-for-height growth chart.” Children
with bilateral pitting edema are classified as
having severe acute malnutrition regard-
less of their anthropometric measure-
ments, and the WHO also indicates that chil-
dren aged between 6 and 59 months with
amid upper arm circumference (MUAC) of
less than 110 mm are considered to have se-
vere acute malnutrition.® Children can also
be classified as having severe chronic mal-
nutrition (stunting) when they have less
than 70% height-for-age body size or less
than -3 SD on a height-for-age growth
chart. The most vulnerable children are
those aged 6 months to 5 years.”
Moderate malnutrition in children is de-
fined as less than 80% (70%-79%) but
greater than or equal to 70% weight-for-
height body size or less than -2 SD but

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 163 (NO. 2), FEB 2009

126

WWW.ARCHPEDIATRICS.COM

©2009 American Medical Association. All rights reserved.
Downloaded From: http://jamanetwork.com/ on 01/01/2017



greater than or equal to -3 SD on a weight-for-height growth
chart. Children may also be classified as moderately stunted
if they have less than 80% but greater than or equal to 70%
height-for-age body size or less than -2 SD but greater than
or equal to -3 SD on a height-for-age growth chart.”

Until recently, most countries used growth stan-
dards that were developed in 1978 by the National Cen-
ter for Health Statistics (NCHS), Centers for Disease Con-
trol and Prevention, and the World Health Organization
(NCHS international growth reference) to determine the
nutritional status of children.® The NCHS population has
been the reference most commonly used in national pro-
grams for individual growth monitoring and generating
population-based estimates of child malnutrition, and in
emergency settings to determine admission to and dis-
charge from feeding programs. Measurements of refer-
ence are in the form of either z scores (standard devia-
tion), or the percentage of the median.

The percentage of the median, as defined by the WHO,
is “the ratio of a measured value in the individual, for in-
stance weight, to the median value of the reference data
for the same age or height, expressed as a percentage.” In
the context of a nutrition program, the weight, height, and
age of each child is recorded at admission. The admitting
medical staff member uses a table of either weight and
height, weight for age, or height for age, indicating the cut-
off values for the percentage of the median or the z score.
The child’s measurements are then classified as a certain
category (ie, moderately or severely malnourished or not
malnourished) and thus determine whether the child meets
the admission criteria for a particular program.

In 2006, the WHO released a new set of growth stan-
dards for children based on a 6-year longitudinal study
of children from 6 countries’® with the intention of re-
placing the NCHS international growth reference." The
new standards are thought to be more broadly represen-
tative of children throughout the world.

Since the release of the WHO growth standards there
have been several studies conducted by WHO! and oth-
ers'*!" to compare the new standards with the NCHS in-
ternational growth reference. The key difference, which has
operational implications, is that the use of the WHO stan-
dards could shift the classification of many children from
the category of moderately wasted into the category of se-
verely wasted. This change in classification would require
asignificant increase in resources directed at treating mal-
nutrition. Previous studies have examined the implica-
tions of the new WHO growth standards principally by ana-
lyzing data from nutritional surveys. To our knowledge,
none of the studies have been based on program monitor-
ing data from nutritional programs. While a full prospec-
tive assessment of any new standard in diagnosing acute
malnutrition are of clear interest,'? such studies are diffi-
cult because of the ongoing need to provide care. Thus,
policy decisions will be based on existing data before these
prospective assessments can be accomplished.

The objectives of this study were to analyze admis-
sions data from the nutrition program managed by
Médecins Sans Frontieres (MSF) (Doctors Without Bor-
ders) in collaboration with the Niger Ministry of Health
in Maradi, Niger, during the year 2006 and to compare
the ability of the NCHS reference with the WHO stan-

Table 1. Baseline Characteristics of the Study Population
Characteristic Participants, No. (%)
Mean (SD) age, mo 20.5(8.3)
Male 24998 (47)
Anthropometric data
Using NCHS reference
Moderate malnutrition, WFH <80% 51351 (96)
(70%-79%)
Severe malnutrition, WFH <70% 2310 (4)
Using WHO standard
Moderate malnutrition, <-2 SD 31441 (59)
Severe malnutrition, <-3 SD 22220 (41)
MUAC
<110 mm 1383 (3)
>110 mm 52278 (97)

Abbreviations: MUAC, mid upper arm circumference; NCHS, National
Center for Health Statistics; WFH, weight for height; WHO, World Health
Organization.

dards to identify the children most at risk of death. The
results of this study may suggest new operational strat-
egies for nutritional programs.

B METHODS R

PROCEDURE

We conducted a retrospective data analysis of all children ad-
mitted to the MSF nutritional program in Maradi, Niger, from
January 1, 2000, to December 31, 2006. The nutritional pro-
gram consisted of 2 inpatient and 11 outpatient centers. Chil-
dren aged 6 to 59 months were eligible for admission.

The nutrition program was based on the ambulatory strategy
in which the children who did not have serious complications
and were able to eat were given ready-to-use therapeutic food
(RUTF; 2 packages per day to take home) at the outpatient cen-
ters each week. Only those children with serious medical com-
plications (ie, severe anemia, shock, sepsis, severe dehydration,
and inability to tolerate oral intake of food) and those requiring
24-hour close observation were admitted to the inpatient cen-
ters for further care. Children who matched the anthropometric
criteria for moderate and severe malnutrition had an initial as-
sessment by a clinician. This assessment included the measure-
ment of the MUAC and assessment of diarrhea, vomiting, an-
orexia, anemia (physical examination only), and fever. The children
were also checked for malaria parasitemia using a rapid diagnos-
tic test (Paracheck Pf; Orchid Biomedical Systems, Goa, India)
and whether they were immunized against measles. Compliance
with the RUTF was not directly observed because it was an am-
bulatory program and the children ate the RUTF at home. For a
short period in 2006, the families were given a protective food
ration of 5 kg of a corn/soya blend and 2 L of oil, which could
have potentially prevented the need to share the RUTF, but this
did not continue throughout the duration of the program.

The diagnostic criteria for moderate and severe malnutri-
tion used to admit children into the program were based on
the weight-for-height percentage of the median of the NCHS
growth reference. All measurements were performed using a
hanging scale (Salter Brecknell, Fairmont, Minnesota) for mea-
suring weight and a measurement board to measure length.

For analysis purposes, children were reclassified using the
EpiNut (Epi Info 6.0; Centers for Disease Control and Preven-
tion, Atlanta, Georgia) software to calculate the percentage of
the median for the NCHS reference and the WHO software
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(igrowup macro; Geneva, Switzerland) to calculate the z scores
for the WHO growth standards, as shown in Table 1.

All deaths in the program were recorded in the database.
Children were admitted into the program from January 1,
2006, to December 31, 2006, and the final patient was dis-
charged from the program on May 23, 2007. Therefore, the
records covered the period from January 1, 2006, to May 23,
2007.

The initial number of children in the data set was 65 534.
The flowchart outlines the process for exclusion in the study
sample (Figure). Children who were transferred (n=184),
lost to follow-up (n=2175), had missing data on mortality
status (n=171), or missing values on WHO or NCHS indica-
tors (n=2312) were excluded from the analysis. The
follow-up was passive. Children were considered lost to
follow-up if they missed 3 consecutive visits to the clinic.
Children with edema (n=386) were also excluded. Although
children were diagnosed and treated as severely malnour-
ished if they presented with bilateral pitting edema, the chil-
dren were admitted based on their clinical signs rather than
their anthropometric measurements (in this case, weight-
for-height percentage of the median).

The nutrition teams were instructed to indicate on the charts
when the children had edema by checking a specific box on
the chart. Children who had missing information regarding
edema (n=10842) were included in the data analysis as not
having edema because they did not have sufficient evidence of
edema to be classified as such and thus were admitted to the
program based on their anthropometric measurements. Chil-
dren were excluded if anthropometric data were questionable

65534 Initial number of children

11883 Exclusions

184 Transferred
11152 Missing data
2175 Follow-up
171 Mortality
2312 WHO/NCHS
6494 MUAC
386 Edema
145 Uncertain measurements*
6 Outside parameterst

53661 Final number analyzed ‘

Figure. Flowchart of children excluded from analysis. *Questionable
anthropomorphic data (ie, zscore <-5; World Health Organization (WHO) z
score <-6; height <49 cm or >110 cm); toutside of the height parameters
(ie, height <49 or >110 cm); MUAC, mid upper arm circumference;

NCHS, National Center for Health Statistics.

(eg, NCHS z score <-5; WHO z score <-6 [n=145]; height
<49 cm or >110 cm [n=6]) or if MUAC data were missing
(n=6494).

STATISTICAL ANALYSIS

Statistical analyses were performed with SPSS for Windows ver-
sion 14.0 (SPSS, Chicago, Illinois). The results are expressed with
numbers and relative frequencies (percentage). A new variable
was created to place the children into 3 categories according to
the NCHS and WHO criteria. The first category consisted of chil-
dren who would have been categorized as moderately malnour-
ished according to both the NCHS and the WHO (moderate NCHS/
moderate WHO group). This category was used as the reference.
The second category included children who were classified as mod-
erately malnourished according to NCHS, but as severely mal-
nourished according to the WHO (moderate NCHS/severe WHO
group). The last category consisted of children who were classi-
fied as severely malnourished by both the NCHS and the WHO
systems (severe NCHS/severe WHO group). Logistic regression
analysis was used to assess differences in mortality rates be-
tween the malnutrition categories. The first model was a simple
logistic regression. The second was a multiple logistic regression
model including MUAC, age, sex, and place of admission as co-
variates. The goodness-of-fit was validated using the Hosmer-
Lemeshow test. These results indicated that the models ad-
equately fit the data. Collinearity between the variables was assessed
in the final model and indicated no severe problems with col-
linearity. The odds ratios (ORs) and 95% confidence intervals (Cls)
are presented. The model included malnutrition categories, age,
sex, place of admission, and MUAC. The Cox proportional haz-
ards model was used to estimate the association between the dif-
ferent standards and the risk for death. All analyses were ad-
justed for the following covariates: age, MUAC, place of admission
(intensive care unit or ambulatory program), place of exit (in-
tensive care unit or ambulatory program), previous case of measles,
anemia, malaria, diarrhea, and high fever. The hazard ratios (HRs)
were adjusted for known confounders for risk of death that de-
rived from the published literature. The proportional hazard as-
sumption was tested by graphical methods. Estimated HRs and
their 95% ClIs are presented. All analyses used 2-tailed tests. The
level of statistical significance is .05 in all tests.

B xesuits [

There were 53 661 children in the study. A total of 96%
were classified as moderately wasted using the existing
NCHS guidelines and almost 40% of those children would
have been classified as severely wasted had the new WHO
standard been applied (Table 1). Children classified as

Table 2. Risk of Death at Admission for Children in the Nutritional Program According to Malnutrition Classification
Sample Size, Dead,
No. No. (%) Risk, % NNT* (95% ClI) OR (95% ClI) OR (95% CI)?
Moderate NCHS/moderate WHO® 31370 71 (26) 0.23 1 [Reference] 1 [Reference] 1 [Reference]
Moderate NCHS/severe WHO® 19781 129 (47) 0.65 238 (183-335) 2.88 (2.15-3.85) 2.27 (1.61-3.21)
Severe NCHS/severe WHO! 2238 72 (27) 3.22 35 (28-46) 14.21 (10.21-19.78) 4.11 (2.58-6.55)
Total 53389 272 (100)

Abbreviations: Cl, confidence interval; NCHS, National Center for Health Statistics; NNT, numbers needed to treat; OR, odds ratio; WHO, World Health
Organization.

aAdjusted for mid upper arm circumference, age, sex, and place of admission.

b Moderately malnourished by both NCHS and WHO standards.

¢Moderately malnourished by NCHS reference but severely malnourished by WHO standards.

dSeverely malnourished by both NCHS and WHO growth standards.
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Table 3. Total Mortality HRs According to NCHS Reference and WHO Growth Standards Measurements
in Different Categories of Malnutrition
Adjusted HR (95% Cl)
Deaths, I 0
Growth Categories No. Person-Days A2 BY ce
Mortality risk
Boys
Moderate NCHS/moderate WHO 18 224995 1.00 1.00 1.00
Moderate NCHS/severe WHO 68 470456 2.69 (1.54-4.7) 2.184 (1.23-3.89) 1.95 (1.06-3.55)
Severe NCHS/severe WHO 36 53173 6.05 (2.96-12.35) 2175 (1.05-4.53) 2.66 (1.23-5.73)
Girls
Moderate NCHS/moderate WHO 53 685071 1.00 1.00 1.00
Moderate NCHS/severe WHO 43 203230 3.67 (2.38-5.67) 1.98 (1.27-3.07) 1.71 (1.06-2.75)
Severe NCHS/severe WHO 36 50263 9.3 (5.34-16.19) 2.85 (1.61-5.05) 2.16 (1.14-4.10)
Boys and girls combined
Moderate NCHS/moderate WHO 7 910146 1.00 1.00 1.00
Moderate NCHS/severe WHO 111 673733 2.93 (2.13-4.02) 1.94 (1.41-2.68) 1.73 (1.23-2.43)
Severe NCHS/severe WHO 72 103433 7.29 (4.74-11.20) 2.32 (1.50-3.60) 2.28 (1.43-3.64)

Abbreviations: Cl, confidence interval; HR, hazard ratio; MUAC, mid upper arm circumference; NCHS, National Center for Health Statistics; WHO, World Health
Organization.

aAdjusted for MUAG, comcat (a variable that has 3 categories according to the definition of malnutrition based on both NCHS and WHO standards:
category 1, children who are classified as moderately malnourished by both NCHS and WHO growth standards [moderate NCHS/moderate WHO];
category 2, children who are classified as moderately malnourished by NCHS standards but severely by WHO standards [moderate NCHS/severe WHO];
category 3, children who were classified as severely malnourished by both NCHS and WHO standards [severe NCHS/severe WHO]), and age.

b Adjusted for MUAC, comcat, age, place of admission, and place of exit.

CAdjusted for MUAC, comcat, age, place of admission (intensive care unit or ambulatory program), place of exit (intensive care unit and ambulatory program),
and previous cases of measles, anemia, malaria, diarrhea, and high fever.

severely wasted by both population references had 14 inclusiveness is of operational importance for identifica-
times higher risk of death in the program than those clas- tion of mortality risk. Children classified as moderately
sified as moderately wasted by both references (Table 2). wasted by the NCHS reference but who are severely wasted
Those classified as severely wasted by the new WHO stan- by the WHO standard had almost 3 times the risk of dying
dard but moderately wasted by the NCHS reference were during the program than those classified as moderately
almost 3 times (95% CI, 2.15-3.85) more likely to die dur- wasted by both standards. In the current cohort, this group
ing the program than those classified as moderate by both contained almost half of the total deaths in the program.
references. Children who would have been reclassified The operational implications of classifying accord-
thus accounted for almost half of the deaths in the pro- ing to the WHO standards (eg, the change in numbers
gram (129 children; 47%). After adjustment for age, sex, admitted into nutritional programs, increased re-
place of admission, and MUAC, the OR of dying was still sources) have been discussed previously.'* However, the
significantly higher in the moderate NCHS/severe WHO current data suggest an increased subgroup vulnerabil-
group (OR, 2.27; 95% CI, 1.61-3.21) and in the severe ity for those who would benefit from a reclassification
NCHS/severe WHO groups (OR, 4.11; 95% CI, 2.58- according to the new standard and for whom specifi-
6.55) compared with the reference category. cally targeted resource allocation may be planned.
Boys and girls classified as moderate NCHS/severe There are 2 key limitations to this study. First, we can-

WHO had a significantly increased risk of mortality com-
pared with those classified as moderate NCHS/
moderate WHO in all 3 statistical models (Table 3). The
HR was 2.184 (95% CI, 1.23-3.89) for boys and 1.98 (95%
ClI, 1.27-3.07) for girls in the moderate NCHS/severe

not make an absolute comparison between the 2 stan-
dards because we do not have the children included in
the study who would have been considered moderately
wasted according to the WHO standards. Because the

) study is a retrospective data analysis, we are only able to
WHO category when adjusted for MUAC, age, place of discuss the relative risk of the children who were actu-

admission, and place of exit. The risk increase remained ally treated in the program and who were admitted based
significant after further adjustment for previous cases of on the NCHS standards. The ORs and HRs should be in-
mea§les, anemia, malaria, Fharrhea, and high fqu. The terpreted with caution. The ideal information would only
risk merease })n the fully adjusted dmof}d was 19 >%in boy§ be available from a prospective study where children were
(H(l;’ 1'1951’ 95 /OZCI’ 1.06-3.55) and 71% in girls (HR, 1.71; randomized to assessment with either the NCHS or WHO
95% Cl, 1.06-2.75). standards, subsequent care based on the results thereof,

and the survival assessed. Because the treatment of mal-

—m— nutrition depends on the assessed severity regardless of

what instrument is used, such a study might be possible

The results of this analysis confirm that the WHO growth and is a clear direction for future research. Nonetheless,
standards classify more children as severely wasted than both classifications are based solely on clinical measure-
the NCHS reference'""" and strongly suggest that this greater ments that were performed by 2 experienced clinicians
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in every case; in addition, there is no obvious source of
bias between either of the classifications.

Second, the NCHS growth charts that were used to mea-
sure the children in the program were not sex-specific. The
same growth chart was used for both boys and girls. The
values of the combined sex chart are the means of both boys
and girls. The WHO software (igrowup macro) that was
used to reclassify children based on the new WHO growth
standards consisted of sex-specific charts, thus limiting in-
terpretation of results between boys and girls, but not af-
fecting interpretation of the overall results.

We also chose to include the MUAC in the analysis
of mortality risk. We made separate analysis with MUAC
excluded and included, and the main directions of the
results did not change. Including MUAC improved the
statistical model, and all assumptions of the model held.
Therefore, we chose to present the results with MUAC
included in the model.

This study suggests that the new WHO growth stan-
dards are a more inclusive tool for identifying the chil-
dren at high risk of mortality who require intensive thera-
peutic rehabilitation. Although these new standards would
require organizations to increase their treatment capacity,
it will permit more sensitive identification of those most
atrisk of death from malnutrition. Further research on the
application of the new growth standards may permit the
determination of better cut-off points for the classification
of moderate and severe wasting, which would preserve its
improved inclusiveness of high-risk cases but exclude those
reclassified children who do not need to be admitted to an
intensive therapeutic program. Analysis of data from a nu-
trition program, which includes moderately wasted chil-
dren according to the WHO standards, as well as further
investigation of comparable populations from other coun-
tries and treatment programs will provide better analysis
of the impact of the new standards and the implications
for nutritional programming.
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Abstract

Objective: The World Health Organization recommends discharging children admitted to nutrition programs treating
severe acute malnutrition, with a low mid-upper arm circumference (MUAC <115 mm) when weight gain is >15%. When
this recommendation is followed, the most severely malnourished children receive a shorter treatment compared to
children that are less severely malnourished. This study assesses whether using MUAC >125 mm as discharge criteria
eliminates this effect.

Methods and Findings: Data from 753 children cured from a Médecins Sans Frontiéres outpatient nutrition program in
Gedaref, North Sudan were analyzed. MUAC >125 mm was used as discharge criteria. Length of stay and percent weight
gain of children were compared in relation to nutritional status on admission. Children with low MUAC on admission had
a longer duration of treatment (p =0.000) and also a higher percent weight gain (p =0.000) than children with higher MUAC.
Similar results with weight-for-height z-scores categories were shown with both duration of treatment (p=0.000) and
percent weight gain (p =0.000).

Conclusion: This study shows that using MUAC as the discharge criteria eliminates the effect of shorter treatment in most
severely malnourished children compared to least severely malnourished, as is observed with percent weight gain. The
findings directly address the main concern that has been identified with the current WHO recommendation of using percent
weight gain. MUAC could be used as discharge criteria, instead of percent weight gain, as having a longer duration of
treatment and a higher percent weight gain for the most malnourished is highly desirable.
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Introduction Since the establishment of CMAM programs many organiza-
tions have started using MUAC for admission into their
community based nutrition programs [5]. A plethora of literature
emphasizing the advantages of using MUAC have supported this
decision including: superior identification of children at high risk
! X ! ! tUH of mortality; simplicity of training; ability to allow for high
model (CMAM) includes both inpatient care in stabilization coverage, and adherence to the WHO/UNICEF joint statement
centres (SC) and/or outpatient care in outpatient therapeutic

programs (OTP) depending on the presence or absence of
complications [1-3].

Nearly 20 million under-5 children worldwide suffer from
severe acute malnutrition (SAM) which contributes to the death of
an estimated 1 million children per year [1] The commonly used
approach of the community management of acute malnutrition

of maintaining consistency between screening method and
admission criteria to avoid rejected referrals [4-6]. Furthermore,

the difficulties of taking accurate weight and height measurements

In 2009 the World Health Organization (WHO) and United compared to MUAC are well documented [7], [8] and reliable
Nations Children’s Fund (UNICEF) provided new guidance on

the admission criteria for programs treating SAM advising to
include children less than -3 z-scores from the median weight-for- boards are not present and are not part of essential supplies packs.
height z-scores (WHZ) of the WHO 2006 growth standards or Measuring height is also not covered in the Integrated Manage-
a mid-upper arm circumference (MUAC) of less than 115 mm, ment of Childhood Tllness syllabus [9], [10].

and/or oedema [4]. They reinforced the use of MUACG as an In addition to guidance on admission criteria for nutrition

independent admission criteria that had been introduced in an programs, the WHO and UNICEF 2009 Joint Statement also
earlier statement [1].

height measurements are not easily performed in the community.
At most primary healthcare centres in developing countries, height

gave some guidance regarding discharge criteria in nutrition
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programs using MUAC on admission, recommending to discharge
children after reaching a 15-20% weight gain [4]. This was done
with the intention of removing the need of height measurement
and avoiding the problem of children meeting MUAC admission
criteria but having a WHZ above discharge criteria [5].

Using percent weight gain as discharge criteria has the
disadvantage of requiring a smaller absolute weight gain to meet
discharge criteria for children with the lowest initial weight, (i.e.
the most severely malnourished children). This leads to shorter
duration of treatment for the most malnourished children as
weight gain 1s higher in the most wasted children receiving
appropriate treatment [11]. This unfavourable consequence on
treatment duration was documented by Médecins Sans Frontiéres
(MSF) from a nutrition program in Burkina Faso [12]. Shorter
treatment of the most severely malnourished is worrisome and
needs to be addressed. Prolonged length of stay for some children
also has considerable consequence to on-going government
programs in resource scarce settings.

Based on the difficulties with the current recommendation of
percent weight gain for discharge and on evidence that MUAC
and weight respond to treatment in similar ways [13], a decision
was made by MSF Switzerland to use MUAC as both admission
and discharge criteria in an emergency nutrition program in
Gedaref, North Sudan.

The objective of this paper is to evaluate the policy of using
MUAC as discharge criteria in outpatient therapeutic programs
and more specifically to see whether it eliminates the effect of
shorter treatment duration in most severely malnourished children
as observed with percent weight gain.

Methods

Ethics Statement

Written consent was not obtained from the caretakers for
storing data used for this analysis in the MSF database as these
data were collected as part of routine patient monitoring and
program evaluation. Furthermore, these data were entered
anonymously before being used for this analysis. Ethical approval
for the study was given by the Ethical Review Board of Médecins
Sans Frontiéres.

Program Details

In July 2010 MSF Switzerland, in collaboration with the
Ministry of Health, launched an emergency nutrition program in
the localities Gala Alnahal and Al Guiresha in Gedaref, North
Sudan. The total estimated population of children less than 5 years
for the two localities was around 25 000. Gedaref is a state known
normally for its strong crop production producing sorghum and
sesame for the entire country. During the years of 2008-2010
Gedaref experienced poor rainfall and thus decreased crop
production. As a result, there were a large number of small
farmers and agricultural workers that experienced notable re-
duction of their income and food sources particularly among the
lower socio economic groups who were already quite vulnerable to
economic shocks.

The program treated malnourished children in a community-
based therapeutic feeding program in 4 SCs and 77 OTDPs.
Children aged 6 to 59 months with MUAC <115 mm and/or
mild oedema had an initial assessment by a physician or medical
assistant for the presence of diarrhea, vomiting, anorexia, anemia
(based on conjunctiva pallor), and fever. The children were also
checked for malaria parasitemia using a rapid diagnostic test,
specifically Paracheck Pf®, and whether they had previously been
immunized against measles. Children with good appetite and no
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severe medical complications (i.e., severe anemia shock, sepsis,
severe dehydration, anorexia, severe oedema) were classified as
having uncomplicated SAM and admitted to the OTP. Children
in the OTP received Ready to Use Therapeutic Food as per
WHO guidelines [1]. All children with MUAC <115 mm with
severe medical complications and those requiring 24-hour close
observation were hospitalised in an SC until they were stable
enough to be transferred to an OTP, following the CMAM
approach [2], [3]. Children requiring stabilization were referred to
the nearest MSF SC with transportation provided by MSF.

All children in the program had their height, weight, MUAC
and oedema checked at admission; weight, MUAC and oedema
were checked at each visit; weight and MUAC were checked at
discharge.

Pediatric height boards of standard design were used to measure
height as per MSF nutritional guidelines [14] to the nearest
millimetre and spring hanging scales (Salter Brecknell, Fairmount,
Minnesota) were used to measure weight to the nearest 100 grams.
Children were weighed naked or lightly clothed. Scales were reset
to zero between each weighing. UNICEF MUAC bracelets were
used to measure MUAC to the nearest millimetre. Most children
were checked every 2 weeks except for some children who
attended the 4 OTP sites located beside the 4 inpatient facilities
who were seen every week.

The following criteria for discharge were required: MUAC
>125 mm for 2 consecutive measurements plus stable weight or
continuing weight gain; absence of bilateral oedema for 4 weeks;
clinically well and with good appetite. MUAC: cut off for discharge
was set at 125 mm based on evidence that there is very low
mortality in children with MUAC above 125 mm [5].

All children aged 6-59 months with a MUAC <115 mm on
admission who were discharged as cured from the OTP were
included in the study. The study was limited to children admitted
directly to the OTP as duration of treatment and weight gain
during the stabilisation phase is mainly influenced by associated
medical complications and largely unrelated to response to
therapeutic feeding. This also excluded from the analysis children
with severe oedema who were treated initially in SC. These
children receive a low-protein low-energy diet at the beginning of
treatment which does not allow for new tissue synthesis and weight
change during these initial days and is more related to body water
elimination than to synthesis of new tissues [15].

The decision to use MUAC: as discharge criteria was made by
MSF for programmatic reasons. This analysis was carried out only
with data routinely collected to monitor the program according to
current MSF guidelines and thus individual written consent was
not obtained. All data entered into the database was done
anonymously.

Data Analysis

Children were admitted into the program from July 12, 2010 to
December 11, 2010, the last patient was discharged from the
program on December 22, 2010. Anthropometric data of all
children in the program were recorded in the study database. The
initial number of children meeting the inclusion criterion (MUAC
<115 mm) who were cured in the OTP was 1022. The following
children were excluded from the study: 1) missing admission data
or discharge data; ii) a percent weight gain <0 or percent MUAC
gain <0 with no oedema on admission; i) a length of stay less
than 14 days. The flowchart describes exclusion of these children
from the study sample (Figure 1).

Children were classified into different categories based on
admission MUAC and WHZ. Duration of treatment and percent
weight gain were compared across these categories. Percent weight
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269: Exclusions

155 Missing admission measurements

64  Missing discharge measurements

33  Length of stay in program <14 days

17  Percent weight gain <0 with no
admission oedema or MUAC gain <0

with no admission oedema

753: Children included in the

analysis

Figure 1. Flowchart of Outpatient Therapeutic Program children excluded from analysis.

doi:10.1371/journal.pone.0055404.g001

gain was also compared for different height categories, height
being used as a proxy for age in this population where accurate
ascertainment of age is difficult.

Statistical analysis was done by using MYSTAT (Stystat
Software, Chicago, Illinois. 2008). WHZ was calculated using
the WHO Anthro (version 3.2.2 January 2011) software. The
Kruskal-Wallis non parametric test was used for comparisons of
lengths of stay and percent weight gain by categories of MUAC at
admission, height at admission, and WHZ at admission. This non-
parametric procedure was used because it is robust to deviations
from normality and because median length of stay is a more useful
measure of the average length of treatment episodes than is the
mean length of stay which can be influenced by extreme values
from (e.g.) a handful of complicated cases. The null hypothesis for
the Kruskal-Wallis test is that the populations from which the
sample originates have the same median. Cochran’s test for linear
trend was used to look at the association between ordered and
contiguous MUAC categories and the proportion of children
achieving a weight gain of at least 15%. The null hypothesis for
Cochran’s test for linear trend tells us that the slope of a regression
line across the proportions is zero.

Results

753 children were included in the analysis. 52% of the children
were female and the median age was 16 months. 88% of the
children in the program were between 6 months and 29 months.
The profile of the study population by age and sex is shown in
Figure 2.

Outcomes of the children in the OTP were within SPHERE
standards [16] with proportions of cured, defaulter and deaths
being 82%, 15% and 1% respectively. The remaining 2% were
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referred to the main district general hospital for care beyond what
was available from the MSF program.

The overall median length of stay of all children in the study
was 60 days (inter-quartile range (IQR)=43; 81). Children with
lower MUAC at admission had longer durations of treatment
(p<<0.001 Kruskal-Wallis test), with median durations of treatment
in the lowest MUAC group of 75 days (IQR = 56; 97) and highest
MUAC group of 56 days (IQR =41; 75). The overall percent
weight gain of all children in the study was 21 IQR = 14; 29).
Children with low MUAC also had higher percent weight gain
(p<<0.001 Kruskal-Wallis test), with median percent weight gain of
37 in the lowest MUAC group (IQR=28; 47) and 17 in the
highest MUAC group (IQR 12; 23) (Figs. 3 and 4). Response to
treatment was independent of height at admission (p>0.05
Kruskal-Wallis test) (Figure 5).

The majority of children in all MUAC categories gained more
than 15% of their weight at admission, with the highest proportion
among those with the lowest MUAC (Cochran’s test for linear
trend = 64.120, p<<0.001) (Table 1).

Similar results for WHZ to those for MUAC categories on
admission were found, with both duration of treatment (p<<0.001
Kruskal-Wallis test) and percent weight gain (p<0.001 Kruskal-
Wallis test) decreasing as WHZ categories increased (Figures 6 and
7).

Discussion

This study shows that using MUAC as discharge criteria
eliminates the effect of shorter treatment in most severely
malnourished children and longer treatment for least severely
malnourished, as observed with percent weight gain. The findings
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Figure 2. Population profile of the Outpatient Therapeutic Program.
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Figure 3. Length of Stay by categories of MUAC on admission
to Outpatient Therapeutic Program. The box extends between the
upper and lower quartiles, the line in the box marks the position of the
median, the notches around the median show the extent of an
approximate 95% confidence for the position of the median. The
whiskers extend to 1.5 times the interquartile distance above and below
the upper and lower quartiles, and the asterisks mark the positions of
points more extreme than the range of values covered by the whiskers.
doi:10.1371/journal.pone.0055404.g003
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Figure 4. Percent Weight Gain by categories of MUAC on
admission to Outpatient Therapeutic Program. The box extends
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position of the median, the notches around the median show the
extent of an approximate 95% confidence for the position of the
median. The whiskers extend to 1.5 times the interquartile distance
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the positions of points more extreme than the range of values covered
by the whiskers.
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Figure 5. Percent Weight Gain for different categories of height
on admission to Outpatient Therapeutic Program. The box
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directly address the main concern that has been identified with
using the current WHO recommendation of percent weight gain.

The study also shows that as a result of the longer treatment, the
most severely malnourished children such as those with the lowest
MUAC on admission achieve a higher percent weight gain than
the recommended 15%. Consistent results were obtained when
children were classified according to their weight-for-height z-
scores. Again the length of stay is longer and percent weight gain is
higher for the most severely malnourished.

One limitation to the study is the number of children who were
excluded from the analysis. Most exclusions (81%) were due to
missing admission and discharge measurements, mainly due to
missing height data. These missing measurements were unavoid-
able since we were working with routine program data from an
emergency nutrition program. They also occurred randomly and
are unlikely to have biased our results. In this regard, admission
MUACs were compared in the dataset prior to these exclusions

Higher Weight Gain in SAM with Discharge by MUAC
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Figure 6. Length of Stay for different categories of WHZ on
admission to Outpatient Therapeutic Program. The box extends
between the upper and lower quartiles, the line in the box marks the
position of the median, the notches around the median show the
extent of an approximate 95% confidence for the position of the
median. The whiskers extend to 1.5 times the interquartile distance
above and below the upper and lower quartiles, and the asterisks mark
the positions of points more extreme than the range of values covered
by the whiskers; all children had mid-upper arm circumference
<115 mm.

doi:10.1371/journal.pone.0055404.g006

and no significant differences were found from the final results so
biases from the exclusions seem unlikely.

Since MUAC has been accepted as independent admission
criteria for SAM treatment, criteria for discharge have remained
debated. WHZ, the nutritional index which was previously
recommended as discharge criteria for more than 20 years could
not be recommended, as there is an imperfect match between
MUAC and WHZ and some children may qualify for discharge
shortly after admission or even on admission. For simplicity, it
would be easier to use the same criteria for admission and
discharge however MUAC has not been used so far as there is little
data on response to treatment of this anthropometric measure.
Percent weight gain was recommended, despite the expected
undesirable effect of having shorter duration of treatment for the
most malnourished children. Our results suggest that MUAC
responds to treatment and that using MUAC as discharge criteria

Table 1. Weight gain greater than 15% by MUAC category on admission to Outpatient Therapeutic Program.

MUAC category on admission (mm) Total N Weight gain greater than 15% N (%)
Less than 100 73 72 (99)

101 to 105 81 69 (85)

106 to 110 246 190 (77)

111 to 115 353 207 (59)

Total 753 538 (71)

doi:10.1371/journal.pone.0055404.t001
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Figure 7. Percent Weight Gain for different categories of WHZ
on admission to Outpatient Therapeutic Program. The box
extends between the upper and lower quartiles, the line in the box
marks the position of the median, the notches around the median show
the extent of an approximate 95% confidence for the position of the
median. The whiskers extend to 1.5 times the interquartile distance
above and below the upper and lower quartiles, and the asterisks mark
the positions of points more extreme than the range of values covered
by the whiskers; all children had mid-upper arm circumference
<115 mm.

doi:10.1371/journal.pone.0055404.g007

leads to an average similar percent weight gain to the 15-20%
recommended by WHO. Our results also show that the duration
of treatment and percent of weight gain are higher in the most
malnourished children.

A formal cost comparison of using MUAC versus percent
weight gain as discharge criteria in nutrition programs is beyond
the scope of this paper. However we did look at the length of stay
which is a major determinant of the cost of treatment. We
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compared this Gedaref program that used MUAC as discharge
criteria with the 2009 MSF program in Burkina Faso that used 15
percent weight gain as their discharge criteria. The average
lengths of stay in these programs for children admitted with
a MUAC less than 115 were 64 [12] in Gedaref compared to 51
days in Burkina Faso. As the Burkina Faso program used the lower
limit of the WHO recommended 1520 percent weight gain for
discharge [4] and as the Gedaref program was only able to see the
children every 2 weeks due to the emergency context compared to
every week in the Burkina Faso program (this extends the period
for the two proof-of-cure measurements from two weeks to four
weeks), the use of MUAC as discharge does not seem to increase
the length of stay and thus the cost of the program. However, it is
important to note that length of stay may vary from place to place
and these findings have to be confirmed by other programmes
using the same cut off for discharge.

We suggest using MUAC as discharge criteria, instead of
a uniform percent weight gain, as having a longer duration of
treatment and a higher percent weight gain for the most
malnourished is highly desirable. Furthermore, the feasibility of
using MUAC is less complicated than using percent weight gain
and more transparent for mothers to understand.

Our study suggested that using MUAC >125 mm was feasible
and led to acceptable durations of treatment and weight gains in
our setting. It is not possible from our data to assess whether this
discharge criteria was optimal or whether it would be applicable to
other settings. A follow-up of children discharged with a MUAC
>125 mm with close monitoring of relapse and risk factors would
be useful to confirm its validity. In addition, the validity of this cut-
off should be confirmed in other settings.
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Abstract

Background: The use of proportional weight gain as a discharge criterion for MUAC admissions to programs
treating severe acute malnutrition (SAM) is no longer recommended by WHO. The critical limitation with the
proportional weight gain criterion was that children who are most severely malnourished tended to receive
shorter treatment compared to less severely malnourished children. Studies have shown that using a discharge criterion
of MUAC 2 125 mm eliminates this problem but concerns remain over the duration of treatment required to reach this
criterion and whether this discharge criterion is safe. This study assessed the safety and practicability of using MUAC >
125 mm as a discharge criterion for community based management of SAM in children aged 6 to 59 months.

Methods: A standards-based trial was undertaken in health facilities for the outpatient treatment of SAM in Lilongwe
District, Malawi. 258 children aged 6 to 51 months were enrolled with uncomplicated SAM as defined by a MUAC equal
or less than 115 mm without serious medical complications. Children were discharged from treatment as ‘cured” when
they achieved a MUAC of 125 mm or greater for two consecutive visits. After discharge, children were followed-up at
home every two weeks for three months.

Results: This study confirms that a MUAC discharge criterion of 125 mm or greater is a safe discharge criterion and is
associated with low levels of relapse to SAM (1.9 %) and mortality (1.3 %) with long durations of treatment seen only

in the most severe SAM cases. The proportion of children experiencing a negative outcome was 3.2 % and significantly
below the 10 % standard (p =0.0013) established for the study. All children with negative outcomes had
achieved weight-for-height z-score (WHZ) above —1 z-scores at discharge. Children admitted with lower
MUAC had higher proportional weight gains (p <0.001) and longer lengths of stay (p < 0.0001). MUAC at
admission and attendance were both independently associated with cure (p < 0.0001). There was no association with
negative outcomes at three months post discharge for children with heights at admission below 65 cm than for taller
children (p =0.5798).

Conclusions: These results are consistent with MUAC = 125 mm for two consecutive visits being a safe and practicable
discharge criterion. Use of a MUAC threshold of 125 mm for discharge achieves reasonable lengths of stay and was
also found to be appropriate for children aged six months or older who are less than 65 cm in height at admission.
Early detection and recruitment of SAM cases using MUAC in the community and compliance with the CMAM
treatment protocols should reduce lengths of stay and associated treatment costs.

Keywords: Severe Acute Malnutrition (SAM), Mid Upper Arm Circumference (MUACQ), Discharge criteria
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Background

The use of mid-upper arm circumference (MUAC) as a
general tool (ie. for case-finding, referral, admission,
monitoring response to treatment, and discharge) has
the potential to simplify the practical application of
community-based management of acute malnutrition
(CMAM) services, facilitating their delivery within
the framework of primary and community health
services.

In 2007 the use of MUAC for case-finding, referral,
and admission to CMAM services was accepted by the
World Health Organisation (WHO), the World Food
Program (WFP), the United Nations Standing Commit-
tee on Nutrition (UN/SCN), and the United Nations
Children’s Fund (UNICEF) [1]. MUAC is now widely
used in CMAM programs for these purposes.

The use of proportional weight gain as a discharge cri-
terion for MUAC admissions is no longer recommended
by WHO [2], as it had proven to be problematic with
the most malnourished cases receiving the least amount
of treatment. While the use of MUAC greater than
125 mm has been used in some settings prior to the
WHO updated recommendations and some studies have
proposed MUAC as an alternative discharge criterion to
percentage weight gain [3, 4] for MUAC admissions, the
safety of using MUAC greater than 125 mm as a dis-
charge criterion has not been validated [2].

A consultation between academics and non-governmental
organisations (NGOs) in December 2012 [5] con-
cluded that there were concerns over the safety of
using MUAC as a discharge criterion due to a lack of
evidence with regard to post-discharge relapse and
mortality rates. Also, anecdotal evidence suggested
that children over six months of age with heights less
than 65 c¢cm admitted with low MUAC would experi-
ence very long lengths of stay and may not reach the
MUAC discharge threshold within sixteen weeks
(112 days) of admission. Published evidence was con-
sidered to be inadequate to inform programming.

The aims of this study were to evaluate the safety and
practicability of using MUAC as a discharge criterion for
children aged 6 to 59 months admitted to outpatient
treatment for SAM using MUAC.

Ethics statement
Weritten consent was obtained from a parent (or primary
caregiver) of the child to be enrolled in the study. Each
parent/caregiver signed an individual consent form de-
tailing the proposed treatment, the right to refuse enrol-
ment into the study, the right to confidentiality and
anonymity and that no payment would be received for
participation.

This study complied with World Medical Association
Declaration of Helsinki (Ethical Principles for Medical
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Research Involving Human Subjects, 1964) and was
approved by the National Health Sciences Research
Committee of Malawi (NHSRC, protocol # 817).

Methods

The study design was a standards-based trial. There are
no internationally agreed standards for post-discharge
relapse and mortality in CMAM programs. The standard
adopted for the study was informed by a review by
Ashworth [6, 7], which used a standard of < 10 % relapse
as a ‘criterion for success’ for community-based nutritional
rehabilitation programmes prior to the development of
the CMAM treatment approach. A standard of less than
10 % for combined post discharge relapse and non-
accidental, non-violent death was adopted for the study
through consultation with experts in CMAM program-
ming at FANTA/AED. This standard was more stringent
than the standard used by Ashworth. In this article we
present estimates for post-discharge relapse and mortality
separately and combined so as to allow comparison
against other standards.

The study was conducted in five outpatient health fa-
cilities run by the Government of Malawi Ministry of
Health (MoH) and located in Lilongwe District, Malawi,
with care delivered by MoH staff. A research team from
Valid International (comprised of a research coordinator,
a registered nurse, and a community mobilisation offi-
cer) trained MoH staff in study protocols and assisted
directly in the measurement and treatment of all study
subjects. The Malawi National Guidelines for Community-
based Therapeutic Care [8] formed the standard of care.
At the start of the study the admission criterion for the
treatment of SAM was MUAC < 110 mm according to the
Malawi National guidelines. These guidelines were in the
process of being revised to meet the recommendation of
the UN Joint Statement of 2009 [2] to raise the admission
criteria to MUAC <115 mm. The clinics in which the
study subjects were recruited changed the admission cri-
teria to MUAC < 115 mm ahead of the publication of the
revised guidelines with the consent of the Ministry of
Health.

The study enrolled children aged between 6 and
59 months with uncomplicated severe acute malnutrition
(SAM) as defined by MUAC < 115 mm and without med-
ical complications. Children with a MUAC < 115 mm with
concurrent bilateral pitting oedema or medical complica-
tions were referred to inpatient care according to Malawi
National Guidelines and enrolled into the study on their
return from inpatient care.

Subjects were recruited between February 2011 and
March 2012. Age was verified by reference to the child’s
‘health passport’. Children whose caregivers were resi-
dent outside of Lilongwe District were excluded from
the study but were admitted to the CMAM program and
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provided with standard care according to the Malawi
National Guidelines. MUAC, weight and height were
measured on admission. An appetite test was conducted
to confirm the appropriate consumption of Ready to Use
Therapeutic Food (RUTF) which is required in order to
receive treatment as an outpatient.

Routine medications given on admission followed the
Malawi National Guidelines and included a broad
spectrum antibiotic (amoxicillin or co-trimoxazole) and
vitamin A. Each child was assessed for malaria using a
rapid diagnostic test, (Paracheck Pf’), and if positive, was
treated with antimalarials (lumefantrine and artemether).
If the Paracheck Pf’, rapid test was unavailable, the
patient was treated empirically for malaria if they pre-
sented with a fever of unknown origin. Each caregiver
and child was routinely offered serial testing for Human
Immunodeficiency Virus (HIV) using the Determine
HIV-1/2 Assay™ and, if tested positive, Uni-Gold Recom-
bigen HIV assay™ HIV positive cases were included in
the study and referred for appropriate treatment. It was
not monitored whether the child went on to receive
treatment for HIV. At each visit the child was given a
ration of RUTF according to their weight (average 180-
200 kcal/kg/day) and at the second visit anthelminthic
treatment (albendazole) was given. The dosage for all
medicines was age or weight related and given according
to the Malawi National Guidelines.

Study subjects were requested to attend outpatient
treatment for SAM on a weekly basis. At each clinic visit
the child was measured for weight and MUAC and their
appetite for RUTF was assessed. Due to the rotation of
MoH clinical staff in attendance at the health centres, a
single observer from the research team conducted each
of the measurements of weight, height, and MUAC in
order to minimise inter-observer variation. The stand-
ardisation of the measurements was assessed using the
method of Habicht [9], using the principle investigator
as the standard, and was reviewed every 3 months.

If the status of the child had not improved or had
deteriorated since the previous visit then the child was
referred to the MoH clinician for further assessment
according to Malawi National Guidelines. Any child
absent from treatment was followed up at home by a
Health Surveillance Assistant (HSA) or community-
based volunteer and encouraged to return for treatment.

Each study subject was discharged ‘cured’ from out-
patient treatment when they achieved a MUAC of
125 mm or greater on two consecutive clinic visits. On
discharge the caregiver was given a fourteen-day supply
of RUTF calculated according to the weight of the child.
The child was referred to a Supplementary Feeding
Program (SFP) if such a program were operating in the
health area of residence. A study subject was also dis-
charged from the study if the child died, ‘defaulted’ (i.e.
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was absent for three consecutive visits) or was ‘non-
cured’ (i.e. had not reached the discharge criteria) after
sixteen weeks (112 days). All admissions and discharges
from the study were approved and verified by a member
of the Valid International research team. Any study sub-
ject discharged from the study as ‘non-cured’ was also
assessed according to Malawi National Guidelines and
referred back to the standard Ministry of Health
programme for further treatment if the child had not
reached the discharge criteria as ‘cured’ according to
national guidelines.

Previous studies had indicated that most mortality fol-
lowing treatment for SAM occurs within three months
of discharge [10]. Each child that was discharged as
‘cured’” was followed up every two weeks for a three-
month period by an HSA trained in the study protocols.
At each follow-up visit the child was assessed for illness
(cough, fever, diarrhoea or vomiting) and their MUAC
was measured by the HSA in accordance with their
training in the Integrated Management of Childhood
[llnesses (IMCI) program. Any child who had relapsed
(i.e. met the program admission criteria of MUAC <
115 mm or had bilateral pitting oedema) or had deterio-
rated clinically was referred back to the health centre for
assessment and treatment. Relapsed children were eli-
gible for re-admission to the study if their MUAC was
equal to or below 115 mm. Any child absent from their
home for two consecutive home visits was verified as
being lost to follow-up (LTFU) by consulting with mem-
bers of the local community regarding the whereabouts
of the family. The accuracy of the MUAC measurements
and clinical status of the child during follow-up was
assessed by a member of the research team. Verification
visits were made randomly to children in the follow-up
phase of the study and visits were conducted in all cases
where relapse was detected or LTFU had occurred.

No preferential treatment was given to study subjects
compared with non-study subjects.

Data collection and analysis
On admission and at each subsequent visit, the child’s
weight was measured (naked or wearing light undergar-
ments and without shoes) to the nearest 100 g using
Salter™ scales (Salter-Brecknell 235-6S series), the model
used by the health centre for the clinical management of
SAM cases. MUAC was measured to the nearest milli-
metre using a standard non-elastic MUAC tape
(UNICEF supply code S0145620 “MUAC, Child 11.5,
Red/PAC-50”). On admission and discharge the child’s
height was measured to the nearest millimetre using a
standard paediatric height board (supine length was
measured for children less than 24 months of age).

After discharge as ‘cured; the child was followed up at
home every two weeks for a three-month period by a HSA
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trained in the study protocols. At each follow-up visit the
child was assessed for illness (cough, fever, diarrhoea or
vomiting) and their MUAC was measured by the HSA.

Data were collected on paper forms designed for the
purpose and were entered into an EpiData Version 3.1
(EpiData Association, Odense, Denmark) database using
both interactive checking for range and legal values and
double-entry validation. Statistical analysis was per-
formed using the R Language for Data Analysis and
Graphics [11]. Height-for-age, weight-for-age, and
weight-for-height z-scores were calculated according to
the WHO Child Growth Standard [12]. The Kruskal-
Wallis non-parametric test was used for comparisons of
lengths of stay and proportional weight gain by categor-
ies of MUAC at admission and categories of height at
admission and for comparison of height at admission for
‘cured’ and ‘non-cured’ cases.. The null hypothesis for the
Kruskal-Wallis test is that the data in each group have
the same distribution of the variable of interest. The
strength of association between cure and MUAC at
admission and attendance rate was investigated using
logistic regression.

Results

Table 1 and 2 describes the study cohort at admission.
The study recruited 258 children aged between 6 and
51 months between February 2011 and March 2012 of

Table 1 Main characteristics of study subjects at admission

(n=258%

Characteristic Number Proportion
Males 115 446 %
Females 143 554 %
Number with MUAC <115 mm® only 248 9.1 %
Number with MUAC< 115 mm and oedema 10 39 %
Requiring inpatient care® 27 105 %
No concurrent illnesses recorded? 125 484 %
Diarrhoea® 56 21.7 %
Vomiting® 23 89 %
Fever® 65 252 %
Respiratory illness® 73 283 %
HIV positive®’ 19 74 %
HIV negative 121 469 %
HIV status not known (i.e. testing refused) 118 457 %

*There were no refusals

PMUAC tapes were marked in divisions of 1 mm and color-coded. A'red MUAC,
signifying severe acute malnutrition, was marked red at the 115 mm cut
off point

“Inpatient stabilisation care prior to enrolment in the study as per CMAM
National Guidelines

“Does not sum to 100 % due to some subjects having multiple illnesses
at presentation

Serial HIV testing according to national protocol using Determine™ and
Uni-Gold Recombigen™ HIV assays

fPrevalence of HIV in those tested was 13.6 %
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whom 115 (44.6 %) were male and 143 (55.4 %) were
female. The study protocol included children aged up to
59 months but none were older than 51 months. Of the
children enrolled in the study, 125 (48.4 %) did not
present with any concurrent illnesses (defined as diar-
rhoea, vomiting, fever, or acute respiratory symptoms)
while 27 (10.5 %) presented with complications severe
enough to require transfer to inpatient care prior to en-
rolment in the study. The remaining 106 (41.1 %) of
children had concurrent illnesses as outlined in Table 1
and 2. 140 (54.3 %) of children were tested for HIV on
admission and of those children, 19 (13.6 %) of 140
(54.3 %) children were tested for HIV on admission
tested positive for HIV.

Figure 1 summarises the anthropometric data of the
study subjects at admission in a Venn diagram [13] in
terms of MUAC, weight-for-height z-score (WHZ),
height-for-age z-score (HAZ) and weight-for-age z-score
(WAZ) according to the World Health Organization
Growth Standards [12]. Only 4 (1.6 %) of the recruited
subjects did not have a WHZ < -2, HAZ < -2, or WAZ
< -2 on admission. The majority (52.9 %) of the study
cohort was undernourished by all three indicators and
by MUAC. A large majority (c. 90 %) of study subjects
were stunted.

Table 3 describes the treatment given to the study sub-
jects. A high proportion of subjects (93.0 %) received
antibiotics while 65.0 % received the full national proto-
col of medicines.

Figure 2 describes the treatment outcomes achieved in
the study and the subsequent exclusions from follow-up.
63.2 % of enrolled subjects were cured while 14.0 %
defaulted, 3.9 % died during treatment and 19.0 % were
discharged as ‘non-cured’. The cure rate for the study
did not meet the Sphere Minimum Standard of 75 %
[14], however, defaulter rates did meet Sphere minimum
standards (i.e. less than 15 %) and the mortality rate was
lower than and met the criteria for success set by WHO
for community based programmes in non-emergency
contexts (i.e. < 5 %) [7, 15]. The low cure rate observed
was primarily due to children being discharged from the
study after 4 months of treatment without attaining the
study discharge criteria. Of the 49 cases discharged as
‘non-cured’ from this study 43 (87.8 %) were discharged
as ‘cured’ according to the existing national guidelines
(MUAC > 115 mm and 2 months minimum stay) while 6
(12.2 %) required continuing care.

The median attendance rate for ‘cured’ patients (as a
percentage of the total number of weekly visits required
of all subjects by the study protocol during treatment)
was 87.0 %. Figure 3a shows a box plot for the attend-
ance rate for ‘cured’ and ‘non-cured’ children and Fig. 3b
shows a box plot for the MUAC-at-admission for ‘cured’
and ‘non-cured’ children. Attendance and MUAC-at-
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Table 2 Main characteristics of study subjects at admission (n = 2587

Characteristic Minimum Lower Quartile Median Mean Upper Quartile Maximum
Age at admission (months) 6.0 10.0 14.0 164 210 51.0
MUAC at admission (cm)© 8.0 104 11.0 10.8 114 11.5
Height at admission (cm) 533 62.5 674 67.6 722 925
Median duration of inpatient episode (days)b 20 5.0 7.0 83 9.0 25.0

*There were no refusals

Plnpatient stabilisation care prior to enrolment in the study as per CMAM National Guidelines

€101 (39.1 %) of admissions were below 65 cm in height

admission variables were both independently associated
with cure (p < 0.0001). Each millimetre increase in ad-
mission MUAC resulted in a 2.2 % (95 % CI=1.47 %;
2.85 %) increase in the odds of cure. Each percentage
point increase in the attendance rate was associated with
a1.13 % (95 % CI=0.89 %; 1.38 %) increase in the odds
of cure. These increases appear small but they are for
small increases in variables with wide ranges. A ten
millimetre increase in admission MUAC (e.g. from
102 mm to 112 mm) was associated with a 23.8 % (95 %
CI=15.7 %; 32.4 %) increase in the odds of cure. A
twenty-percentage point increase in attendance (e.g.
from 60 % to 80 %) was associated with a 25.2 % (95 %
CI =19.4 %; 31.5 %) increase in the odds of cure.

The 19 children identified as being HIV positive
showed similar treatment outcomes to other children:
‘Cured’ 52.6 %, ‘Died’ 5.3 %, ‘Default’ 21.1 %, and ‘Non-
cured’ 15.8 %.

Figure 4a shows the distribution of duration of treat-
ment episode while Fig. 4b presents box plots describing
the length of stay for three classes of MUAC at admis-
sion. Figure 4c shows the distribution of proportional

MUAC < 115 mm or oedema (258) =

WHZ < -2 (152) HAZ < -2 (233)

WAZ < -2 (240) 5

Fig. 1 Venn diagram showing anthropometric categories of

all admissions

weight gains. Figure 4d presents box plots describing
proportional weight gain for three classes of MUAC at
admission. The median length of stay of all children in
the study was 49 days (IQR =35 days—77 days). Chil-
dren identified as HIV positive and discharged ‘cured’
had a median duration of treatment of 84 days (IQR =
63—105 days). Children with lower MUAC at admission
required longer durations of treatment (Kruskal-Wallis
test, p < 0.0001) with a median duration of treatment in
the lowest MUAC group of 98 days (IQR =60 days —
105 days) and in the highest MUAC group of 42 days
(IQR =35 days—63 days).

The median proportional weight gain of all children in
the study was 21 % (IQR=16 % - 27 %). Children with
lower MUACs experienced higher proportional weight
gains (Kruskal-Wallis test, p < 0.0001) with median pro-
portional weight gain of 42 % in the lowest MUAC
group (IQR=40 % -47 %) and 18 % in the highest
MUAC group (IQR =14 % - 22 %).

Figures 5a and b present box plots describing the
length of stay and proportional weight gain by height at
admission for two height classes at admission respect-
ively. Children recruited to the study with a height at ad-
mission below 65 cm showed a higher proportional
weight gain (Kruskal-Wallis test, p =0.0003) and a lon-
ger median length of stay under treatment than taller
children (Kruskal-Wallis test, p =0.0145). These chil-
dren were no more likely to be discharged as ‘non-

Table 3 Treatment given in programme

Treatment Number Percentage
RUTF® 258 100.0 %
Vitamin A 203 78.7 %
Antimicrobials 238 922 %
Anthelminthics® 108 67.1 %
Antimalarials 82 318 %
Received full CMAM protocol® 168 65.1 %
Referred for inpatient care® 35 13.6 %

“Quantity given according to national protocol (average 180-200 kcal/kg/day)
PGiven to eligible children > 12 months only (according to national protocol).
79.1 % of all cases received the correct age appropriate intervention

“As per CMAM National Guidelines

dChildren referred to inpatient care as per CMAM National Guidelines
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258 IDENTIFIED

Y Y

27 ADMITTED TO 231 ADMITTED TO
INPATIENT CARE OUTPATIENT CARE

Enrolled on discharge
from Inpatient care

!

258 ENROLLED

Enrolled immediately

Treatment Outcomes

SEEEE— .

Cured : 163 63.2%
Default : 36 14.0%
Died : 10 3.9%

Not cured : 49 19.0%

Y

163 CURED
Exclusions
Site closure : 2
— Moved to another district : 3
Lost to follow-up : 3

Y

I55 FOLLOWED-UP

Study Outcomes

-

Non-accidental / non-violent death : 2
Relapse : 3

Y

150 GOOD OUTCOMES

Fig. 2 Flow diagram showing outcomes and exclusions. The study was discontinued at two health centres due to a fall to zero recruitment

cured’ than taller children (relative risk (RR)=0.93,
95 % CI=0.77-1.13, chi-square=0.33, p=0.5667).
There was no association with negative outcomes at
three months post discharge for children with heights
at admission below 65 c¢m than for taller children
(RR=1.22, 95 % CI=0.21-7.09, Fisher’s exact test
(single-tailed with Hy := RR > 1), p =0.5798).

The median height at admission of ‘cured’ cases was
67.5 cm (IQR=63.5-72.6) and the median height at
admission of ‘non-cured’ cases was 66.5 cm (IQR=

60.8—70.1). Lower height at admission was not signifi-
cantly associated with being’non-cured’ (Kruskal Wallis
test, p = 0.0645).

The median height at admission for those known to
have died was 62.2 cm (IQR =60.1-65.9) and the me-
dian height at admission for those not known to have
died was 67.5 cm (IQR =63.0-72.3). Lower height at
admission was significantly associated with mortality
(Kruskal Wallis test, p =0.0369). This analysis should be
interpreted with caution as defaulter follow-up was
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limited and deaths in defaulters may have not been de-
tected and recorded.

Eight children were excluded from the follow-up por-
tion of the analysis. Follow-up was discontinued in these
cases due to closure of the study site, relocation of the
subject to another district, and inability to be followed
because the family were from outside of the health dis-
trict and had provided an incorrect address upon regis-
tration in order to qualify to receive care.

The proportion of patients discharged as ‘cured’ and
experiencing relapse to SAM (1.9 %, 95 % CI=0.4 %-
5.6 %) or non-violent/non-accidental death (1.3 %, 95 %
CI=0.2 %—4.6 %) was 3.2 % (95 % Cl=1.1 %-7.4 %, p =
0.0013, binomial test with the alternative hypothesis that
the proportion of failures is below 10 %). None of the
children identified as HIV positive and discharged
‘cured’ either ‘relapsed’ or ‘died” within the three-month
follow-up period.

Of the 155 children followed up after being discharged
as ‘cured, 29 % (n = 45) receivedSFP rations. There were
no negative outcomes amongst these 45 children after
three months of follow-up (Risk difference =4.55 %,
95 % CI=0.65 %—8.44 %, Fisher one-tailed p-value =
0.1752). Of the 45 children receiving SFP, 20 % (n=9)
became moderately acutely malnourished (MAM) with a
MUAC between 11.5 and 12.4 cm during the follow-up
period. 44 % (n=4) of those who became MAM during
follow-up remained MAM at the last follow-up visit.

The study data for the children who ‘died’ or ‘relapsed’
are shown in Table 4. A detailed follow-up investigation
of the deaths indicated that in both cases the child had
accessed medical services at a hospital prior to death.

Regarding relapses, one child was absent for 4 out of
the 6 follow-up visits prior to relapse but did not have
any illnesses recorded; the second child was recorded to
have had diarrhoea, fever and cough in the week prior to
relapse and the third child had a cough recorded for
weeks 2 and 3 but no other illnesses recorded during the
week prior to the relapse being detected in week 5.

Limitations

There are several limitations to this study. Occasional
interruptions in the MoH supply of routine medicines
lead to shortages of some medicines. When this oc-
curred the MoH clinician decided on the appropriate
use of resources; no priority was given to study subjects.
The National Health Sciences Research Committee of
Malawi was consulted and ethical approval was given to
continue the study despite not all of the study subjects
receiving the full CMAM protocol of treatment. The
results thus reflect the outcomes achieved in a MoH
treatment setting with limited resources.

Following discharge from the study cohort as ‘non-
cured’ according to the study criteria, children were
assessed for the need for continued treatment or dis-
charged according to the Malawi National guidelines.
The compliance and outcome of children who were dis-
charged from the study cohort but who continued treat-
ment or were discharged as ‘cured’ were not followed up
as part of this study.

The limited follow-up of absentees and defaulters dur-
ing the course of treatment contributed to a reduction
in the proportion of the children who were recruited to
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the study and later discharged as ‘cured; thus limiting
the sample size of the study.

The study did not follow compliance with referral for
antiretroviral prophylaxis or treatment for HIV for HIV
positive cases, however only small differences were ob-
served in programmatic outcomes between HIV positive
and HIV negative subjects. The small number of HIV
positive subjects did not allow disaggregation of the dur-
ation of treatment by MUAC on admission. This issue
might be investigated in a larger cohort of HIV positive
subjects receiving nutritional rehabilitation prior to
starting antiretroviral therapy.

The analyses carried out with this study design were
not able to demonstrate that alternative discharge cri-
teria would have resulted in fewer negative outcomes
than a discharge criterion of MUAC > 125 mm.

Discussion

The study confirms that a discharge criterion of MUAC
greater than 125 mm for two consecutive visits repre-
sents a practicable and safe discharge criterion according
to the standard established for the study and is also an
appropriate discharge criterion for children with a height
of less than 65 cm at admission. Relapses formed 1.9 %
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(95 % CI=0.4 %-5.6 %) of the cohort of ‘cured’ patients
and non-accidental and non-violent deaths formed 1.3 %
(95 % CI=0.2 %—4.6 %) of the cohort of ‘cured’ patients
over the three-month follow-up period. Negative out-
comes occurred in 3.2 % (95 % CI=1.1 %-7.4 %) of the
cohort of ‘cured’ patients over the three-month follow-
up period. None of the negative outcomes observed dur-
ing the 3-month follow-up were in children identified as
HIV positive at admission. Post-discharge deaths were
not associated with relapse to SAM and were not associ-
ated with having a discharge WHZ below -2 z-scores.
While there are no internationally agreed standards for
relapse and mortality following cure from CMAM pro-
grammes, all cases with a negative outcome following
discharge had a discharge WHZ above -1 z-scores. This
suggests that MUAC > 125 mm for two consecutive visits

is as at least safe as discharge using WHZ > - 1 z-scores.
The rate of relapse and mortality following discharge as
‘cured’ reported in this study are also similar or lower to
those reported by Ashworth in other studies using weight
for height (e.g. WHZ > -1 or weight-for-height percentage
of median > 85 %) as the discharge criterion from CMAM
programmes [7].

Children with lower MUAC at admission had longer
durations of treatment and higher proportional weight
gains than the children admitted with a higher MUAC.
This shows that the MUAC discharge criterion ensures
children who are the most malnourished remain under
treatment longer and are discharged with a higher propor-
tional weight gain. This eliminates the problems previously
identified with the proportional weight gain criterion [4]
and its association with under-treatment for the most

Table 4 Details of study subjects with negative outcomes in the three months following their discharge with a MUAC of 125 mm

or greater (n=15)

Admission Discharge Follow-up
Outcome  Sex Age (months) MUAC (mm)? MUAC (mm) WHZ Length of Weight Duration of Last known lliness during
stay (days) gain (%) follovv—upb (weeks) MUAC (mm)<  follow-up
Death F 9 112 125 +030 56 100 10 134 diarrhoea cough
Death F 14 110 128 -001 105 14.7 6 120 diarrhoea vomiting
fever cough
Relapse M 14 110 126 -0.08 84 26.8 12 110 none recorded
Relapse M 12 104 130 -039 35 268 8 114 diarrhoea vomiting
fever cough
Relapse F 9 110 128 -065 112 300 6 115 diarrhoea

“None of the children followed-up had oedema at admission
PThe follow-up visit prior to death or the follow-up visit when relapse was detected

Last known MUAC for deaths is the MUAC recorded in the follow-up visit prior to death. Last known MUAC for relapsed cases is the MUAC at the follow-up visit
at which relapse was detected. Relapsed cases were referred back to the therapeutic feeding program
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malnourished individuals. Children identified as HIV posi-
tive at admission had a longer median duration of treat-
ment than that observed for all children combined.

Children with height less than 65 ¢cm at admission also
showed greater proportional weight gain and had longer
lengths of stay than taller children and showed no asso-
ciation with negative outcomes three months after dis-
charge. These findings may be partly explained due to
younger children typically having higher weight gains
even when well nourished and that, on average, younger
children are shorter. However, these children respond
and benefit the most from treatment, and the evidence
of this study should allay concerns that using MUAC is
not appropriate as an admission or discharge criterion
for stunted children aged 6 months or older with a
height below 65 cm.

A high proportion of children (92.2 %) received anti-
microbials during treatment although the compliance
with protocol was lower for Vitamin A and anthel-
minthics. A low proportion of children (65.1 %) received
the full CMAM protocol of medicines. This was due to
shortages of supply at the clinics. Whilst this may repre-
sent a limitation to this study, the outcomes of the study
reflect the context of an MoH programme with supply
shortages.

Reasons for defaulting included waiting times for treat-
ment at the clinic site and prioritisation of household
labour (e.g. harvesting). Some defaulters had reportedly
migrated away from their temporary home in the treat-
ment catchment area.

It was expected that enrolment into SFP after cure
would have a large positive effect on negative outcomes
following discharge, however, negative outcomes were
rare and any analysis will lack statistical power to detect
all but very large effects. The data suggest a small posi-
tive effect of SFP enrolment may be present.

Study findings included a high non-cure rate (18.9 %)
for all children combined (15.8 % for children identified
as HIV positive at admission). MUAC at admission and
attendance rate were positively associated with cure.

In the absence of the incentivised follow-up of absen-
tees and defaulters; reducing waiting and transit times
for clinic visits, frequent counselling to refrain from
sharing RUTF, and case review by physicians did little to
improve attendance and reduce the non-cure rate over
time.

These results provide strong evidence that the propor-
tion ‘cured’ can be influenced by program design and ac-
tivities that improve the detection, early recruitment and
retention of SAM cases as well as compliance to the
SAM treatment protocol.

Care should be taken in extrapolating these results
to other populations, however data from CMAM pro-
grammes using the same discharge criterion in other
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contexts report similar findings in terms of median
duration of treatment (approximately 8 weeks or
56 days). [3, 4].

Additional studies may be needed to assess whether a
discharge criterion of MUAC > 125 mm is safe in other
CMAM programs with low levels of supervision and in
other settings. There are currently no internationally
agreed standards by which to assess the safety of MUAC
or other discharge criteria, however this study indicates
that low rates of relapse and mortality following cure are
achievable in low resource, non-emergency settings.

Conclusions

This study confirms that a discharge criterion of
MUAC=>125 mm is safe and practical leading to low
mortality and relapse at three months post discharge in
the context of Malawian Ministry of Health outpatient
care facilities. Negative outcomes were not associated
with failing to meet the WHZ > -2 z-scores criterion.
This MUAC discharge criterion was also found to be ap-
propriate for children aged six months or older who are
less than 65 c¢cm in height at admission. Compliance, as
measured by attendance rate, and MUAC at admission
were both positively associated with cure.

Children admitted with lower MUAC remain under
treatment longer and achieve higher proportional weight
gains when MUAC discharge criteria are used. The
introduction of MUAC discharge may lead to longer
average length of stay initially where there is limited case
finding and admission MUAC may be expected to be
low. Early detection and recruitment of severe acute
malnutrition cases using MUAC in the community and
compliance with the CMAM treatment protocols
should, however, reduce lengths of stay and associated
treatment costs.
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