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Abstract: Poor understanding of malnutrition burden is a common reason for not prioritizing the 23 
care of small and nutritionally at-risk infants aged under-six months (infants u6m). We aimed to 24 
estimate the anthropometric deficit prevalence in infants u6m attending health centres, using the 25 
Composite Index of Anthropometric Failure (CIAF); and to assess the overlap of different individual 26 
indicators. We undertook a two-week survey of all infants u6m visiting each of 18 health centres in 27 
two zones of the Oromia region, Ethiopia. We measured weight, length, and MUAC (Mid upper 28 
arm circumference); and calculated weight-for-length (WLZ), length-for-age (LAZ), and weight-for- 29 
age z-scores (WAZ). Overall, 21.7% (95% CI: 19.2; 24.3) of infants u6m presented CIAF and of these, 30 
10.7% (95% CI: 8.93; 12.7) had multiple anthropometric deficits. Low MUAC overlapped with 47.5% 31 
(95% CI: 38.0; 57.3), 43.8% (95% CI: 34.9; 53.1), and 42.6% (95% CI: 36.3; 49.2) of the stunted, wasted 32 
and CIAF prevalence, respectively. Underweight overlapped with 63.4% (95% CI: 53.6; 72.2), 52.7% 33 
(95% CI: 43.4; 61.7), and 59.6% (95% CI: 53.1; 65.9) of the stunted, wasted and CIAF prevalence, 34 
respectively. Anthropometric deficits, single and multiple, are prevalent in infants attending health 35 
centres. WAZ overlaps more with other forms of anthropometric deficits than MUAC. 36 

Keywords: Anthropometric deficit; infants under 6 months; malnutrition; MAMI, Ethiopia; weight- 37 
for-age; the Composite Index of Anthropometric Failure 38 

 39 

1. Introduction 40 
Globally, millions of infants aged under-six months (henceforth infants u6m) are 41 

small and nutritionally at-risk, with different forms of anthropometric deficits (e.g. 42 
wasted, underweight, or stunted) or low birthweight (LBW) [1]. These deficits are associ- 43 
ated with increased risk of mortality, morbidity, subsequent malnutrition, and impaired 44 
development [2]. For instance, an estimated 8.5 million infants u6m are wasted, of whom 45 
3.8 million are severely wasted [3]. In addition, an estimated 20.5 million livebirths have 46 
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a LBW [4]. These first six months of life are recognised as a crucial developmental pe- 47 
riod, often with unique nutritional challenges, but with life-long adverse consequences if 48 
malnutrition develops [5,6]. 49 

Over the last 20 years, Community-based Management of Acute Malnutrition 50 
(CMAM) has positively transformed the care of malnourished children aged 6-59 51 
months (henceforth children) by relocating the focus of care from inpatient to outpatient 52 
settings [7]. This relocation expanded care accessibility and promoted early identifica- 53 
tion of at-risk children; improving in turn programme coverage and impact [5,8]. De- 54 
spite these successes, malnourished infants u6m have been left behind [5]. In many set- 55 
tings, they are neither identified nor supported to survive and thrive as per the Every 56 
Woman Every Child Global strategy [5,9]. This is despite evidence of their markedly 57 
greater risk of mortality compared with malnourished children [10]. 58 

The 2013 update to the WHO guideline for management of severe malnutrition in- 59 
cluded for the first time a section on infants u6m, which incorporated recommendations 60 
for outpatient care for clinically stable malnourished infants u6m, rather than inpatient 61 
care for all, irrespective of clinical status, as was conventionally practiced [11]. However, 62 
most low- and middle-income countries (LMICs), have not adopted these updated rec- 63 
ommendations into national protocols. Reasons for this include (i) a poor understanding 64 
of the malnutrition burden in infants u6m [5]; (ii) a problematic admission criteria based 65 
on weight-for-length z-scores (WLZ) [11] that has low reliability [12] and it is challeng- 66 
ing to obtain in infants u6m, as measuring their length is difficult (more than in chil- 67 
dren), and WLZ cannot be calculated for lengths <45 cm [13]; (iii) infants u6m treatment 68 
needs are complex [5]; and (iv) the low quality evidence on the best strategies to meet 69 
those needs [11]. 70 

To address the first two reasons, weight-for-age z-score (WAZ) and the mid-upper 71 
arm circumference (MUAC) have been suggested as better alternatives for identifying 72 
small and nutritionally at-risk infants u6m, but there is sparse evidence on their prog- 73 
nostic value in this age group. In addition, optimal cut-off values still need to be deter- 74 
mined [5,14–16]. The growing appreciation of the frequent co-existence of different types 75 
of anthropometric deficit further complicates our understanding on the best ways to de- 76 
fine malnutrition programme admission criteria [17]. Towards this, the Composite Index 77 
of Anthropometric Failure (CIAF) is an aggregated indicator for malnutrition combining 78 
the conventional indicators wasted, stunted and underweight [18,19], but to our 79 
knowledge it has not been used to characterise malnutrition in infants u6m. 80 

As in many other LMICs, infant malnutrition is a public health concern in Ethiopia 81 
[20]. Current Ministry of Health Guidelines recommend inpatient-only treatment for 82 
infants u6m, following identification using a WLZ <-3 [21]. To inform future programme 83 
planning and research (including sample size and logistics consideration for a random- 84 
ised controlled trial (RCT) we are planning in Ethiopia), we aimed to generate caseload- 85 
evidence relevant to infants u6m malnutrition. The primary objectives of this study were 86 
to assess the prevalence of different indicators of anthropometric deficit in infants u6m 87 
attending health centres (this is where small and nutritionally at-risk infants u6m would 88 
be screened and recruited into future programmes) and to describe the patterns of over- 89 
lap between different forms of anthropometric deficit in infants u6m. Our secondary 90 
objective was to assess the infant feeding practices of the surveyed infants u6m. 91 

2. Materials and Methods 92 
2.1. Study site 93 

The study sites were in Deder woreda, East Hararge zone and in Jimma zone, Ethi- 94 
opia. Though geographically separate, these are both located in the Oromia Region. 95 
They were chosen because they are the sites of our future RCT. The study was imple- 96 
mented in 18 health centres; ten in Jimma zone and eight in Deder woreda. 97 

Jimma zone is one of the most populous areas of the Oromia Regional State, with a 98 
population of over 3 million people. Deder woreda has a population of some 315,000 99 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 June 2021                   doi:10.20944/preprints202106.0332.v1

https://doi.org/10.20944/preprints202106.0332.v1


 

 

people. Both sites have a high burden of malnutrition. Their main livelihood in the area 100 
is agriculture, petty trade of cash crops such as khat and coffee, fattening of oxen, and 101 
local casual labour. Jimma zone and Deder woreda have about 124 and 8 health centres, 102 
respectively; each serving an average population between 15,000 to 30,000. 103 

2.2. Study design and population 104 
We undertook a health centre-based cross-sectional survey, surveying all infants 105 

u6m who attended the selected health centres for any reason over an average period of 106 
two weeks in each centre. Reasons for attendance included: born at the health centre; 107 
immunization clinics; growth monitoring clinics; under-5 clinics (where children present 108 
with a variety of acute illnesses). We collected data from 1,060 infants u6m between Oc- 109 
tober 12th, 2020 and January 29th, 2021. 110 

2.3. Sample size estimation 111 
We lacked prior information on how many infants u6m attending the health cen- 112 

tres would have anthropometric deficits. Consequently, to estimate a sufficiently robust 113 
sample, we assumed a 50% prevalence of anthropometric deficit in infants u6m, and a 114 
3% precision. Using these assumptions, we estimated to need a sample of 1067 infants 115 
u6m, an average of 60 infants u6m per health centre. To plan for field logistics, we as- 116 
sumed that each health centre would have an average attendance of 30 infants u6m per 117 
week and set the average duration of data collection for each health centre to a two- 118 
week period. 119 

2.4. Health centre selection 120 
In Deder woreda, we included all eight available health centres. In Jimma zone, we 121 

selected ten out of the 124 available health centres as follows: First, we undertook a reg- 122 
ister review in all 124 health centres to collect eligibility information on ease of access 123 
and patient load. We excluded 60 health centres from which we were unable to gather 124 
complete eligibility data. We further excluded seven health centres that were difficult to 125 
access. We ranked the remaining 57 health centres according to patient load and ran- 126 
domly selected ten centres from the top 50%.  127 

2.5. Training of data collectors 128 
We undertook a training for the teams of enumerators and supervisors, one team in 129 

Jimma zone and one in Deder woreda, to ensure consistency and high quality of data 130 
collection. Our training included learning how to obtain anthropometric measurements 131 
(e.g. weight, length, MUAC), assess infant feeding practices, obtain economic and demo- 132 
graphic data, use digital data gathering devices (DDGs), take informed consent, and ob- 133 
tain clinical history data. Our training also included the piloting of data collection, prior 134 
to initiating the actual survey data collection, to ensure collection of high-quality data 135 
and to identify and correct any sources of data collection errors. During the pilot, we 136 
also assessed field-challenges of the survey tool for final editing. 137 

2.6. Data and measurements 138 
All data was collected using an electronic questionnaire designed using the RED- 139 

Cap (Research Electronic Data Capture) project system (https://red- 140 
cap.am.lshtm.ac.uk/redcap/).  141 

At the household level, we obtained information about the sex and formal educa- 142 
tion of the household head, household size, number of dependent children aged <18 143 
years. From mothers or primary caregivers, we obtained information on age, formal ed- 144 
ucation, and religion. 145 

From all infants u6m we obtained sex and date of birth data. We asked moth- 146 
ers/caregivers to recall their infants’ age in weeks. We asked whether the infant was 147 
born singleton or was a twin or a triplet; the infant’s birth order; how many siblings 148 
aged <18 years they have, and whether any of them died recently. We collected data on 149 
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infants’ feeding practices in the past 24 hours. We asked about current and past breast- 150 
feeding and whether they received any liquids such as water, milk, juice, broth, runny 151 
porridge, yogurt, or other liquids apart from those mentioned. We asked whether they 152 
were fed using a bottle and whether they received any solid, semi-solid or soft foods 153 
[22]. 154 

We measured weight with the infant undressed using a digital weight scale (Seca 155 
354) to the nearest 5 g if weighing <10 kg, or to the nearest 10 g if weighing ≥10 kg. We 156 
measured length using a UNICEF length/height board (infant/child/adult) to the nearest 157 
completed 0.1 cm. We measured knee-heel length, from the heel to the upper part of the 158 
distal femur (knee), using a digital Vernier calliper (Sealey AK9623EV) to the nearest 159 
completed 0.1 cm. We measured MUAC using UNICEF MUAC tapes to the nearest com- 160 
pleted 0.1 cm. We measured head circumference using standard anthropometric tapes to 161 
the nearest completed 0.1 cm. We obtained subscapular and triceps skinfolds using a 162 
Harpenden skinfold calliper to the nearest completed 0.2 mm.  163 

We collected all anthropometric measurements in pairs, as per WHO Child Growth 164 
Standards protocols [23]. In brief, for each anthropometric measurement two enumera- 165 
tors independently took one measurement. If the difference between these two measure- 166 
ments exceeded the pre-set maximum allowed difference (see Appendix Table A1), each 167 
enumerator took a second measurement and we excluded the first pair of measure- 168 
ments. If the difference for their second pair of measurements also exceeded the allowed 169 
difference, they each took a third measurement, and we excluded the first two pairs of 170 
measurements. If the difference in their third pair of measurements exceeded the al- 171 
lowed difference, no further measurements were taken, and we excluded all three pairs 172 
of measurements.  173 

2.7. Data handling and analysis 174 
We handled and analysed data using Stata (StataCorp. 2019. Stata Statistical Soft- 175 

ware: Release 16. College Station, TX: StataCorp LLC). 176 
We estimated infant’s age in weeks as the difference between the survey’s date and 177 

the infant’s date of birth divided by seven. For infants whose date of birth was not avail- 178 
able, we used maternal recalled age. We grouped infants by age, in 5-weeks brackets. 179 

We identified infants as being exclusively breastfed if their mothers or primary 180 
caregivers reported in their 24 hours recall to having breastfed the infants but answer no 181 
to all questions regarding any liquid intake, bottle feeding or feeding the infant with 182 
solid, semi-solid or soft foods. 183 

We calculated the mean value for each of the anthropometric measurements using 184 
the pair of measurements that did not exceed the allowed difference. We used weight, 185 
length and age data to estimate the anthropometric indices weight-for-age, length-for- 186 
age, and weight-for-length z-scores (WAZ, LAZ, and WLZ, respectively) based on the 187 
2006 WHO Child Growth Standards [13], using the zanthro Stata command [24]. We 188 
marked anthropometric indices as outliers using the 2006 WHO recommendations [25], 189 
i.e.: if they were >5 or <-6, >6 or <-6, and >5 or <-5 for WAZ, LAZ, and WLZ values, re- 190 
spectively.  191 

We defined underweight, stunted, and wasted as WAZ, LAZ, and WLZ <-2, respec- 192 
tively. We used CIAF to assess overall malnutrition prevalence in infants u6m [18]. We 193 
defined CIAF as all infants u6m that were either underweight, stunted or wasted and we 194 
generated the following subcategories: wasted only, wasted and underweight, wasted, 195 
stunted and underweight, stunted and underweight, stunted only, and underweight 196 
only [18]. We defined the Composite Index of Severe Anthropometric Failure (CISAF) as 197 
all infants u6m that were severely underweight, stunted or wasted, as defined by a 198 
WAZ, LAZ, or WLZ <-3, respectively [26]. 199 

To explore the overlap between MUAC and CIAF in infants, we explored the use of 200 
different thresholds to define low MUAC: MUAC <11.5cm; MUAC <11.0cm if aged <6 201 
weeks and <11.5 thereafter; MUAC <11.0cm if aged <7 weeks and <11.5 thereafter; 202 
MUAC <11.0cm if aged <13 weeks and <11.5 thereafter; MUAC <11.0cm if aged <17 203 
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weeks and <11.5 thereafter; MUAC <11.0cm; and MUAC <10.5cm. These thresholds were 204 
chosen to match those in past/present use in older children; and the age thresholds to 205 
match timings of immunization clinic visits when future programmes would use MUAC 206 
for identification of at-risk infants u6m. 207 

For the analysis, we excluded infants u6m for which we could not estimate all an- 208 
thropometric indices as they had weight or length missing, or their length were <45cm, 209 
or if one or more of their anthropometric indices were marked as outliers. In addition, 210 
we excluded infants from the assessment of overlap between different anthropometric 211 
indicators if they presented with oedema. 212 

We estimated means or proportions, along with the 95% confidence intervals (95% 213 
CI), for all variables. We compared basic characteristics between Jimma and Deder using 214 
t-test and z-test with the lincom Stata command. To determine the prevalence of differ- 215 
ent anthropometric deficits in infants, we estimated summary statistics for all anthropo- 216 
metric variables. 217 

3. Results 218 
3.1. Participants flow 219 

Figure 1 shows the survey’s participants flow. Of the infants u6m whose mothers 220 
or primary caregivers agreed to participate, a total of 2.17% (95% CI: 1.45; 3.25) had ei- 221 
ther missing weight or length data, their WLZ could not be estimated because their 222 
length were <45 cm, or had any of the anthropometric indices WLZ, WAZ, or LAZ iden- 223 
tified as outliers. 224 

 225 

Figure 1. Study participants’ flow chart. 226 

3.2. Sample characteristics 227 
Key household and caregiver characteristics of 1,037 surveyed infants u6m with 228 

complete anthropometric information are presented in Table 1. Overall, most house- 229 
holds were male-headed and comprised of an average of five members, three of whom 230 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 June 2021                   doi:10.20944/preprints202106.0332.v1

https://doi.org/10.20944/preprints202106.0332.v1


 

 

were children or adolescents aged <18 years. The infants’ primary caregiver was most 231 
often the mother, who was on average in her mid-twenties. Levels of formal education 232 
were low: 34% of household heads and 41% of mothers/primary caregivers had no for- 233 
mal education. The infants’ male:female sex ratio was 1.24:1; they were on average 13 234 
weeks of age; most were singleton births. Mean WAZ, LAZ and WLZ were all below the 235 
2016 WHO Child Growth Standards median. We found seven infants u6m who pre- 236 
sented with oedema: these were excluded from subsequent anthropometric deficits as- 237 
sessment. 238 

We found differences in some of the above mentioned characteristics between the 239 
Jimma and Deder sites: these are presented in Supplementary Materials Table S1. The 240 
main difference was that infants u6m in Deder presented with significantly worse nutri- 241 
tional status, as evidenced by greater underweight, wasted, and stunted prevalence.  242 

3.3. Infant feeding practices 243 
A summary of key infant feeding practices is also presented in Table 1. Reported 244 

breastfeeding was almost universal with over 98% of mothers reporting that infants u6m 245 
had ever been breastfed, 96% receiving breastmilk as the first food after birth, and 95% 246 
breastfed in the past 24 hours. Almost half of the infants u6m were reported to be exclu- 247 
sively breastfed at time of assessment and about 15% were bottle-fed. Only 2% were re- 248 
ported to have initiated consumption of any solid, semi-solid or soft foods. 249 

Table 1. Characteristics of the 1,037 surveyed infants under six months of age. 250 
 

mean or % 95% CI 

Household Characteristics   
Household members 5.4 5.3; 5.6 
Household children aged <18 years 3.2 3.1; 3.3 
Household head is male (%) 98.9 98.1; 99.4 
Household head formal education 

  

No education (%) 33.9 31.0; 36.9 
Grade 1-8 (%) 45.5 42.4; 48.6 
Grade 9-12 (%) 14.0 11.9; 16.3 
Technical and Vocational Education (%) 0.60 0.30; 1.40 
College/University (%) 6.10 4.70; 7.70 

Mother/Caregiver Characteristics   
Mother as main caregiver (%) 99.2 98.5; 99.6 
Grandparent help in infant care (%) 35.8 32.9; 38.7 
Mother/Caregiver age (years) 25.9 25.6; 26.2 
Mother/Caregiver is married (%) 98.8 98.0; 99.3 
Mother/Caregiver age at marriage (years) 17.5 17.3; 17.6 
Time married (years) 8.45 8.10; 8.79 
Mother/Caregiver formal education 

  

No education (%) 40.9 37.9; 43.9 
Grade 1-8 (%) 45.8 42.8; 48.9 
Grade 9-12 (%) 9.16 7.55; 11.1 
Technical and Vocational Education (%) 1.25 0.73; 2.15 
College/University (%) 2.89 2.03; 4.11 

Mother/Caregiver religion 
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mean or % 95% CI 

Muslim (%) 94.2 92.6; 95.5 
Orthodox Christian (%) 4.60 3.50; 6.10 
Protestant (%) 1.10 0.60; 1.90 
Refused to answer (%) 0.10 0.00; 0.70 

Infant Characteristics   

Infant's age (weeks) 13.4 13.0; 13.8 
Infant is male (%) 55.4 52.3; 58.4 
Infant is singleton (%) 98.6 97.6; 99.1 
Siblings aged <18 years 2.2 2.0; 2.3 
Infant's birth order 

  

1st (%) 25.0 22.4; 27.7 
2nd (%) 20.6 18.3; 23.2 
3rd (%) 15.0 13.0; 17.4 
4th (%) 12.3 10.4; 14.4 
5th (%) 11.3 9.49; 13.4 
6th+ (%) 15.8 13.7; 18.2 

Recent death of sibling (%) 14.9 12.8; 17.2 

Infant feeding   
Infant ever breastfed (%) 98.9 98.1; 99.4 
Infant received breastmilk as first food (%) 96.1 94.7; 97.1 
Infant was breastfed in the past 24 hrs (%) 94.1 92.5; 95.4 
Breastfeeding frequency in past 24 hrs (times) 10.4 10.3; 10.6 
Infant exclusively breastfed (%) 48.9 45.9; 51.9 
Infant was bottle-fed (%) 15.2 13.2; 17.6 
Infant fed any solid, semi-solid or soft foods (%) 2.03 1.32; 3.09 

Infant anthropometry   

Bilateral pitting oedema (%) 0.68 0.32; 1.41 
Weight (kg) 5.62 5.55; 5.70 
Length (cm) 59.6 59.4; 59.9 
Mid-upper arm circumference (cm) 12.4 12.4; 12.5 
Triceps skinfold (mm) 7.7 7.6; 7.8 
Subscapular skinfold (mm) 6.8 6.7; 6.9 
Head circumference (cm) 40.4 40.2; 40.5 
Knee-to-heel length (mm) 148 147; 149 
Weight-for-age z-score -0.65 -0.72; -0.57 
Length-for-age z-score -0.35 -0.43; -0.26 
Weight-for-length z-score -0.47 -0.55; -0.40 

In Figure 2 we showed the age-smoothed proportion of infants u6m that were ex- 251 
clusively breastfed, were fed different liquids, or were bottle-fed. Median duration of 252 
exclusive breastfeeding was 10.6 weeks; and by the age of 16.7 weeks, half of the infants 253 
u6m were being given water. 254 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 June 2021                   doi:10.20944/preprints202106.0332.v1

https://doi.org/10.20944/preprints202106.0332.v1


 

 

 255 

Figure 2. Age-smoothed proportion of exclusively breastfed infants aged under six months. The 256 
figure also presents age-smoothed proportions of bottle feeding and the consumption of water, 257 
milk and other liquids (other than water, milk, juice, broth, runny porridge, or yogurt). 258 

3.4. Prevalence of anthropometric deficit 259 
Table 2 presents the prevalence of anthropometric deficits in infants u6m, overall 260 

and by age categories. We observed that over one in five infants u6m had some form of 261 
anthropometric deficit, as indexed by CIAF, and over 4% had a severe anthropometric 262 
deficit, as indexed by CISAF. Multiple anthropometric deficits (i.e. wasted and under- 263 
weight; stunted and underweight; and wasted, stunted and underweight) affected 10.7% 264 
of infants u6m (95% CI: 8.93; 12.7). We did not observe any marked age-dependent vari- 265 
ability in the prevalence of infants u6m wasted, stunted, underweight, CIAF or CISAF. 266 

3.5. Prevalence of low MUAC 267 
Table 3 shows the prevalence of low MUAC using different thresholds. According 268 

to the threshold used, we found that overall low MUAC prevalence ranged from 6.71% 269 
to 19.1%. We also observed large age-dependent variations: low MUAC was very com- 270 
mon in the youngest age groups and decreased sharply in older infants.  271 
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Table 2. Proportion of infants aged under six months with different indicators of anthropometric deficit. 272 
 

All 0-5 weeks 6-10 weeks 11-15 weeks 16-20 weeks 20-25 weeks  
n = 1,030 n = 93 n = 268 n = 285 n = 243 n = 141 

Anthropometric indicator % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

Wasted 10.9 9.11; 12.9 12.9 7.47; 21.4 8.21 5.46; 12.2 10.2 7.16; 14.3 12.8 9.11; 17.6 12.8 8.19; 19.4 
Severely wasted 2.43 1.64; 3.57 -- -- -- -- -- -- -- -- -- -- 
Stunted 9.81 8.13; 11.8 7.53 3.63; 15.0 9.70 6.69; 13.9 9.12 6.28; 13.1 10.7 7.38; 15.3 11.4 7.07; 17.7 
Severely stunted 3.47 2.51; 4.78 -- -- -- -- -- -- -- -- -- -- 
Underweight 12.9 11.0; 15.1 7.53 3.63; 15.0 13.8 10.2; 18.5 10.5 7.45; 14.7 16.5 12.3; 21.7 13.5 8.76; 20.2 
Severely underweight 4.56 3.44; 6.02 -- -- -- -- -- -- -- -- -- -- 
CIAF 21.7 19.2; 24.3 19.4 12.5; 28.7 21.3 16.8; 26.6 20.4 16.1; 25.4 24.3 19.3; 30.1 22.0 15.9; 29.6 
No CIAF 78.4 75.7; 80.8 80.7 71.3; 87.5 78.7 73.4; 83.2 79.7 74.6; 83.9 75.7 69.9; 80.7 78.0 70.4; 84.1 

CIAF categories             
Wasted only 5.15 3.95; 6.68 -- -- -- -- -- -- -- -- -- -- 
Wasted and Underweight 4.47 3.36; 5.91 -- -- -- -- -- -- -- -- -- -- 
Wasted, Stunted and 
Underweight 

1.26 0.73; 2.16 -- -- -- -- -- -- -- -- -- -- 

Stunted and Underweight 4.95 3.78; 6.46 -- -- -- -- -- -- -- -- -- -- 
Stunted only 3.59 2.61; 4.92 -- -- -- -- -- -- -- -- -- -- 
Underweight only 2.23 1.49; 3.34 -- -- -- -- -- -- -- -- -- -- 
CISAF 4.27 3.19; 5.69 1.08 0.15; 7.25 4.85 2.84; 8.18 5.61 3.47; 8.97 5.35 3.13; 9.00 0.71 0.10; 4.87 
CIAF: Composite Index of Anthropometric Failure. CISAF: Composite Index of Severe Anthropometric Failure. 

Underweight, stunted and wasted was defined as weight-for-age (WAZ), length-for-age (LAZ) and weight-for-length (WLZ) z-scores <-2, respectively. Severe underweight, stunted 

and wasted was defined as WAZ, LAZ and WLZ <-3, respectively. CIAF are all infants u6m that were either underweight, stunted or wasted. CISAF are all infants u6m that were 

either severely underweight, stunted or wasted. 
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Table 3. Proportion of infants aged under six months with low MUAC as defined by different thresholds. 275 

  All 0-5 weeks 6-10 weeks 11-15 weeks 16-20 weeks 20-25 weeks 
 n = 1,028 n = 93 n = 267 n = 285 n = 243 n = 140 

MUAC indicator % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

MUAC <10.5cm 6.71 5.33; 8.42 44.1 34.4; 54.3 4.12 2.29; 7.29 3.16 1.65; 5.96 2.47 1.11; 5.39 1.43 0.36; 5.54 
MUAC <11.0cm 12.0 10.1; 14.1 65.6 55.4; 74.5 11.6 8.28; 16.0 5.26 3.20; 8.55 4.53 2.52; 7.99 3.57 1.49; 8.30 
MUAC <11.0cm if <17 weeks, 
<11.5 thereafter 

12.7 10.8; 14.9 65.6 55.4; 74.5 11.6 8.28; 16.0 5.26 3.20; 8.55 5.76 3.44; 9.50 7.14 3.88; 12.8 

MUAC <11.0cm if <13 weeks, 
<11.5 thereafter 

13.4 11.5; 15.7 65.6 55.4; 74.5 11.6 8.28; 16.0 7.72 5.13; 11.5 5.76 3.44; 9.50 7.14 3.88; 12.8 

MUAC <11.0cm if <7 weeks, 
<11.5 thereafter 

16.5 14.4; 18.9 65.6 55.4; 74.5 20.6 16.2; 25.9 10.5 7.45; 14.7 5.76 3.44; 9.50 7.14 3.88; 12.8 

MUAC <11.0cm if <6 weeks, 
<11.5 thereafter 

17.6 15.4; 20.1 65.6 55.4; 74.5 24.7 19.9; 30.3 10.5 7.45; 14.7 5.76 3.44; 9.50 7.14 3.88; 12.8 

MUAC <11.5cm 19.1 16.8; 21.6 81.7 72.5; 88.3 24.7 19.9; 30.3 10.5 7.45; 14.7 5.76 3.44; 9.50 7.14 3.88; 12.8 
MUAC: Mid-upper arm circumference. 
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3.6. Overlap of low MUAC and underweight with different anthropometric deficits 278 
In Table 4 we show the proportion of underweight, wasted, stunted, CIAF and 279 

CISAF infants that would be identified by different MUAC thresholds or by under- 280 
weight if that were used as a sole criterion for identification of small and nutritionally at- 281 
risk infants u6m. Higher MUAC thresholds identify greater proportions of the different 282 
definitions of anthropometric deficit. However, they also identified greater proportions 283 
of infants u6m that had no anthropometric deficits, as indexed by CIAF. On comparing 284 
different MUAC thresholds and underweight for identifying CIAF and CISAF, we ob- 285 
served that underweight identified larger proportions of CIAF and CISAF infants u6m 286 
than any MUAC threshold. A visual representation of the overlap, in two different age 287 
groups, between the wasted, stunted and underweight and low MUAC indicators, using 288 
a MUAC threshold <11.0cm if aged <6 weeks and <11.5 thereafter, is shown in Figure 3. 289 

Supplementary Materials Table S2 and S3 also cross-tabulate MUAC data with 290 
CIAF and CIAF categories. The overlap between different MUAC thresholds and CIAF 291 
is again observed to be strongly influenced by the infant’s age and how inclusive the 292 
MUAC threshold is. For the youngest infants (aged 0-5weeks) the least inclusive MUAC 293 
threshold we examined (<10.5cm) overlaps with 61% of other forms of CIAF, but also 294 
with 40% of infants with no other anthropometric deficits. The most inclusive MUAC 295 
threshold (<11.5cm) overlaps with most (89%) but not all of other forms of CIAF but also 296 
with 80% of infants with no other anthropometric deficits. As the age of the infant in- 297 
creases, this proportion of MUAC-identified infants u6m with no CIAF is reduced (to 0% 298 
at ages 11-15 weeks) but overlap with CIAF also decreases. Underweight has a more 299 
consistent pattern of overlapping with 39% of all forms of CIAF at age 0-5weeks; with 300 
65% at ages 6-10weeks; with 52% at ages 11-15weeks; with 68% at 16-20weeks and 61% 301 
at ages 21-25 weeks. 302 
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 305 

Table 4. Overlap of different anthropometric deficits with different low MUAC thresholds and Underweight 306 

  Underweight Stunted Wasted CIAF CISAF No CIAF 
  n = 133 n = 101 n = 112 n = 223 n = 44 n = 805 
Indicator % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 
MUAC <10.5cm 24.1 17.6; 32.1 22.8 15.6; 32.0 17.0 11.1; 25.1 17.0 12.7; 22.6 36.4 23.6; 51.4 3.85 2.72; 5.43 
MUAC <11.0cm 44.4 36.2; 52.9 38.6 29.6; 48.4 27.7 20.2; 36.7 30.5 24.8; 36.9 43.2 29.5; 58.0 6.83 5.28; 8.80 
MUAC <11.0cm if <17 
weeks, <11.5 thereafter 

50.4 41.9; 58.8 42.6 33.3; 52.4 33.9 25.8; 43.2 34.1 28.2; 40.6 43.2 29.5; 58.0 6.83 5.28; 8.80 

MUAC <11.0cm if <13 
weeks, <11.5 thereafter 54.1 45.6; 62.4 43.6 34.2; 53.4 36.6 28.2; 45.9 36.3 30.3; 42.9 45.5 31.5; 60.2 7.08 5.50; 9.07 

MUAC <11.0cm if <7 
weeks, <11.5 thereafter 

60.9 52.4; 68.8 47.5 38.0; 57.3 43.8 34.9; 53.1 42.6 36.3; 49.2 45.5 31.5; 60.2 9.32 7.49; 11.5 

MUAC <11.0cm if <6 
weeks, <11.5 thereafter 60.9 52.4; 68.8 47.5 38.0; 57.3 43.8 34.9; 53.1 42.6 36.3; 49.2 45.5 31.5; 60.2 10.7 8.73; 13.0 

MUAC <11.5cm 61.7 53.1; 69.5 47.5 38.0; 57.3 46.4 37.4; 55.7 44.0 37.6; 50.5 45.5 31.5; 60.2 12.2 10.1; 14.6 
Underweight -- -- 63.4 53.6; 72.2 52.7 43.4; 61.7 59.6 53.1; 65.9 65.9 50.9; 78.3 -- -- 
CIAF: Composite Index of Anthropometric Failure. CISAF: Composite Index of Severe Anthropometric Failure. 
Underweight, stunted and wasted was defined as weight-for-age (WAZ), length-for-age (LAZ) and weight-for-length (WLZ) z-scores <-2, respectively. Severe underweight, stunted 
and wasted was defined as WAZ, LAZ and WLZ <-3, respectively. CIAF are all infants u6m that were either underweight, stunted or wasted. CISAF are all infants u6m that were 
either severely underweight, stunted or wasted. 
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 308 
Figure 3. A Venn-diagram showing the overlap of different malnutrition indicators in two age groups. 309 

Low MUAC was defined as MUAC <11.0cm if <6 weeks, <11.5 thereafter. Underweight, stunted and wasted was defined as weight-for-age, length- 310 
for-age and weight-for-length z-scores <-2, respectively. MUAC: Mid-upper arm circumference. 311 
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4. Discussion 317 
4.1. Summary of results 318 

To our knowledge, ours is the first study on infants u6m – not just in Ethiopia, but 319 
in any setting, to estimate the malnutrition burden as indexed by CIAF and its subcate- 320 
gories. The major finding was of a common problem: over 20% of infants u6m attending 321 
clinics had some form of anthropometric deficit (CIAF), of which a fifth (4%) were severe 322 
(CISAF) and over half (11%) were multiple anthropometric deficits with combinations of 323 
wasted, stunted or underweight. 324 

Estimating malnutrition burden using the simplest index – MUAC – resulted in a 325 
wide prevalence range depending on the infants’ age and the threshold used to define 326 
low MUAC. Whilst MUAC-defined prevalence overlapped with CIAF-defined preva- 327 
lence, the extent of overlap varied markedly and was lowest in the youngest age group 328 
where many infants with low MUAC had no other CIAF-defined anthropometric deficit. 329 
In contrast to marked age-related differences for MUAC-based estimates, wasted-, 330 
stunted-, underweight-, CIAF-, and CISAF-based estimates were similar across the dif- 331 
ferent age categories. There were no consistent upwards or downwards prevalence 332 
trends across the age categories. Underweight as the sole case definition criterion over- 333 
lapped with at least half of the infants u6m with other forms of anthropometric deficit 334 
and identified larger proportions of CIAF and CISAF infants than any MUAC threshold.  335 

4.2. Burden of malnutrition and programme implications 336 
Even though our study used a health centre-based rather than population-based 337 

sample, our observed wasted and underweight prevalence are comparable with recent 338 
national estimates from the 2019 Ethiopian Mini DHS. However, our infants u6m sample 339 
were markedly less stunted than the national prevalence (9.8% vs 17.1%) [20]. Our data 340 
on the overlap between different types of anthropometric deficit was also consistent 341 
with that from older children where this has been observed; and where there is current 342 
focus on the overlap between wasting and stunting since this can greatly increase mor- 343 
tality risk [27]. In older children, there is also increased focus on underweight as a sim- 344 
ple single measure and way of capturing this overlap without having to assess height- 345 
based indices [27]. 346 

Current Ethiopian guidelines (and most other national guidelines which are also 347 
based on the 2013 update to the WHO guideline for management of severe malnutrition) 348 
for admitting infants u6m to malnutrition treatment programmes focus only on those 349 
who are severely wasted, as indicated by a WLZ <-3 [21]. Our data show that this focus 350 
misses many infants u6m with other forms of anthropometric deficit. Widening admis- 351 
sion criteria would certainly have programme caseload and capacity implications. Our 352 
results showed that the number of admissions would almost double (from a 2.4% to 353 
4.3%) if CISAF was to become the criterion for admission, or it would increase by ten- 354 
fold if the criteria was any form of anthropometric deficit as denoted by CIAF. Key ques- 355 
tions for future research are what impact there would be on programme outcomes, nota- 356 
bly mortality and morbidity, whether the caseload expansion would be justified by the 357 
benefits, and whether it would be cost-effective. A closely related question is what the 358 
benefits of a shift to outpatient-based care for at-risk infants u6m are. This alone would 359 
markedly improve programme capacity over current inpatient-only models of care. 360 

4.3. The utility of simple measurements: MUAC and WAZ 361 
A small but growing number of studies have explored the utility of different an- 362 

thropometric criteria to identify malnutrition in infants u6m [28–36]. The best of these 363 
look at the association between anthropometric measures and subsequent mortality. 364 
This conceptual approach recognises that what matters is clinical outcome rather than 365 
body size; that there is no one anthropometric measure considered the ‘gold standard’ 366 
for identifying malnutrition; that all anthropometric measures are only proxy measures 367 
of nutritional status, each with advantages and disadvantages and differing in sensitiv- 368 
ity, specificity, and positive and negative predictive value when identifying infants u6m 369 
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at-risk of adverse outcomes, notably mortality and morbidity [17]. Despite differing de- 370 
signs and contexts, most of these studies on infants u6m agree that WLZ is poor at iden- 371 
tifying high-risk infants and that WAZ or MUAC are better and more practical. WAZ is 372 
already widely measured in growth monitoring programmes so would be particularly 373 
easy to adopt. Whilst our cross-sectional study design could not assess the prognostic 374 
value of these two indices in our population, we have shown the potential caseload im- 375 
plications. 376 

The extent to which low MUAC, especially in the first six weeks of life, overlaps 377 
with LBW is a major unknown. This overlap is plausible and matters because LBW is a 378 
well-established risk factor for both short- and long-term mortality and morbidity [37], 379 
even when other anthropometric indicators are within normal range [29]. If a large over- 380 
lap between low MUAC and LBW in the first weeks of life is present, it would strongly 381 
support the use of low MUAC to identify infants u6m for enrolment to treatment/sup- 382 
port programmes at this age, even when the overlap with other anthropometric deficits 383 
is poor. A recent study of newborns in Ethiopia found a MUAC ≤9.8 cm, measured 384 
within 24 hours of life, to be a useful diagnostic tool for LBW [38]. Conversely, if there is 385 
a poor overlap between low MUAC and LBW then there might be less value in using 386 
low MUAC, as these infants might have smaller arms because they are young and hence 387 
small. 388 

Either way, future research is needed to assess the independent role of MUAC in 389 
identifying infants u6m at high risk of mortality/morbidity. MUAC-for-age tables are 390 
available and might be used to improve the predictive value of low MUAC – but this 391 
might work against the practical and programmatic advantage of MUAC, namely sim- 392 
plicity and speed of assessment. 393 

Much current research on anthropometric deficits as a risk factor has focused on 394 
how well it identifies individuals at-risk of short-term morbidity or mortality [39]. How- 395 
ever, less attention has been given to assess how well it predicts a longer-term risk of 396 
impaired physical or cognitive development. Evidence from a recent systematic review 397 
shows that adverse nutrition in infancy and childhood is associated with long-term 398 
adult non-communicable disease [6]. Future research should explore how both MUAC 399 
and the various subcategories of CIAF predict these longer-term risk and possible un- 400 
derlying mechanisms and pathways. The role of body composition and body propor- 401 
tions, both indicators of development, could help explain what lies behind these simple 402 
anthropometric measurements. Past research has shown that MUAC and WLZ have dif- 403 
ferent associations with body composition, where WLZ appears to have similar associa- 404 
tions with lean and fat mass, whilst it also has a small but at times negligible association 405 
with length. MUAC on the other hand, appears to have a stronger association with fat 406 
mass than with lean mass, but also has a strong association with length; that is each in- 407 
dex MUAC and WLZ appears to select infants u6m for different phenotypes [40]. 408 

4.4. Implications for research and programming  409 
Our data has immediate implications for programming and research using a new 410 

“Management of small and nutritionally At-risk Mothers and Infants (MAMI)” Care 411 
Pathway, just launched in May 2021 [1]. Building on past experiences [28], the MAMI 412 
Care Pathway emphasises the potential of MUAC as an independent programme enrol- 413 
ment criterion. Our results highlight that more data is needed to understand the prog- 414 
nostic utility of MUAC, especially in the youngest infants u6m where overlap with other 415 
forms of anthropometric deficits are the least. Balancing the needs for simplicity and 416 
recognising the rapid increase in MUAC, especially in the first month of life, our own 417 
planned research in Ethiopia will now include both single indicators, a WAZ <-2 and a 418 
MUAC <11.0cm if aged <6 weeks and <11.5 thereafter; where of the total sample of in- 419 
cluded infants u6m, about 26% of them will be identified by both indicators. 420 

4.5. Strengths and limitations 421 
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We recognise the limitations of our work. Most importantly, our data from health 422 
centres might not be representative of the wider infants u6m population. However, it is 423 
still important since recruitment into future programmes is likely to occur at health cen- 424 
tre level and hence our data matters for planning of such programmes. Existing pro- 425 
grammes such as immunization have very high coverage and thus our strategy of 426 
screening at such visits would be both efficient and would identify many high risk in- 427 
fants u6m early. Related to this, our health centres selection was not randomised and did 428 
not seek to be representative of all the health centres in the Oromia region. We selected 429 
based on ease of access and on the number of infants u6m who receive care, informed by 430 
register data. Whilst this limits our ability to generalise the absolute prevalence results to 431 
the wider region/country, there is no reason to believe that the overlaps between indica- 432 
tors and the age-related variations should be very different elsewhere. Nonetheless, this 433 
should be examined in future work.  434 

As already noted, missing birthweight data was an important limitation. Whilst we 435 
tried to collect birthweight data, this was unavailable for most infants u6m. As a result, 436 
we were unable to disentangle how much of the anthropometric deficit we observed 437 
could be explained by poor foetal growth, and which of the different indicators of an- 438 
thropometric deficits are best at identifying small infants that were LBW. 439 

In this analysis, we also did not analyse the reasons underlying or associated with 440 
anthropometric deficit. This should be the focus for future work. A particularly im- 441 
portant future question is how much anthropometric deficit / growth failure is reversible 442 
with nutritional and other interventions and what are the clinical and functional benefits 443 
(e.g. on mortality, morbidity and child development) of these interventions. These ques- 444 
tions we seek to address in our own planned RCT, and we hope this paper will inspire 445 
others will do similar in other settings. 446 

Finally, we did not stratify our analysis by the infant’s sex and as such, we are not 447 
able to understand whether our findings differ by sex. Data from children has shown 448 
that boys are often more underweight, wasted and stunted whereas there is a sex bias 449 
towards girls when identifying malnutrition using MUAC [41,42]. Nonetheless, none of 450 
these limitations are likely to invalidate the findings of our study, rather it forms the ba- 451 
sis of future work. 452 

Our study has also strengths. In our study, we sampled infants u6m attending 453 
health centres for any reason. Most studies evaluating malnutrition burden in infants 454 
u6m focused on community representative samples [28,31–33], on infants hospitalised 455 
and receiving in-patient care [30,34–36], or they have followed-up a birth cohort [29]. 456 
Our study was a facility-based survey collecting data on infants attending health centres 457 
for any reason, which provides better understanding of the potential for care provision 458 
to the population covered by these health centres. Future enrolment into programmes 459 
for small and nutritionally at-risk infants u6m is likely to occur at health centres so it is 460 
vital to know numbers at these facilities. 461 

We took on the recent call for using aggregate measures to quantify malnutrition 462 
and quantify the burden of malnutrition as any manifestation of anthropometric deficit 463 
as indexed by CIAF [17]. Published research on malnutrition in infants u6m has focused 464 
strongly on severe wasting as denoted by a WLZ <-3 [29,30,33,36], but our data adds to 465 
growing calls for more inclusive case definitions for identifying infants at risk of malnu- 466 
trition, mortality or impaired development. As mentioned above, we are currently de- 467 
veloping an intervention trial that will test the benefit of a more inclusive approach and 468 
we hope that our data will encourage others to do likewise. The analysis in the present 469 
study provides the first step towards quantifying the burden of CIAF and of MUAC in 470 
infants u6m and the degree of convergence between indicators and across age sub- 471 
groups. 472 

5. Conclusions 473 
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Single and multiple anthropometric deficits are prevalent in Ethiopian infants u6m 474 
attending health centres. To identify any form of anthropometric deficits, as classified by 475 
wasted, stunted, underweight, CIAF or CISAF, WAZ appears to perform better than 476 
MUAC, whilst both are good in identifying infants u6m with multiple anthropometric 477 
deficits. Further research is needed to understand which criteria or combination of criteria 478 
are best for future programmes managing small and nutritionally at-risk infants u6m; and 479 
to understand the associated functional and clinical outcomes, notably short term-risks of 480 
mortality and morbidity.  481 
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Appendix A 509 

Table A1. Pre-set maximum allowable differences of various anthropometric measurements. 510 

Anthropometric measurement (units) Maximum allowable difference 
Weight (g) 100 
Length (cm) 0.7 
MUAC (mm) 5 
Head circumference (cm) 0.5 
Knee-heel length (mm) 6 
Subscapular skinfold thickness (mm) 2 
Triceps skinfold thickness (mm) 2 
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