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ABSTRACT 

INTRODUCTION: Worldwide, severe acute malnutrition (SAM) is an important risk factor for 

morbidity and mortality, contributing to more than half of deaths in children under-five years. 

Inasmuch as the World Health Organization (WHO) has provided diagnostic criteria to be used 

for admitting into inpatient care for the management of SAM in children aged 6 - 59 months, these 

are not based on strong evidence. Furthermore, there are limited studies on the relationships of 

WHO admission and transfer criteria in relation to clinical outcomes, such as mortality rate, length 

of stay (LOS) in the hospital and daily weight gain in children aged 6 - 59 months with SAM when 

categorised into different age groups. This study was therefore undertaken to determine the 

associations of admission diagnostic and transfer criteria with clinical outcomes of infants aged 6 

- 23 months diagnosed with SAM, admitted, treated and subsequently discharged.  

METHODS: A collection of already existing data was carried out at three referral hospitals in 

Ghana namely the Komfo Anokye Teaching Hospital, the Princess Marie Louis Children’s Hospital 

and the Tamale Teaching Hospital. The medical records of 399 infants aged 6 - 23 months who 

were diagnosed with SAM, admitted, treated and subsequently discharged at the three study sites 

between January 2013 and June 2018 were included in the final analysis. Data on demographic, 

anthropometric, clinical signs and complications, recovery, LOS in the hospital and death were 

collected. Anthropometric and clinical characteristics on admission were assessed in relation to 

mortality, daily weight gain, admission z-scores and improvement in mid-upper arm circumference 

(MUAC). Data was analysed using SAS version 9.4 and linear regression analysis was used to 

determine the association between admission characteristics and the clinical outcomes. 

RESULTS: At admission, 89.1% (n = 229) had a weight-for-age z-score (WAZ) < -3 standard 

deviation (SD), 81.4% (n = 131) had a MUAC < 115 mm, 83.2% (n = 79) had a weight-for-length 

z-score (WLZ) < -3 SD, 34.8% (n = 69) had oedema and 6.5% (n = 26) had MUAC < 115 mm 

complicated by oedema. Among infants with clinical signs, complications or co-morbidities, 51% 

(n = 208) presented with diarrhoea; 51% (n = 203) presented with vomiting while 8% (n = 33) 

tested positive for HIV. Overall, 15.8% (n = 63) of the infants died with 65.1% (n = 41) of the 

deaths occurring within 92 hours of admission. The median LOS in the hospital and weight gain 

was 11 days (Interquartile range (IQR): 7, 17) and 6.8 g/kg/day (IQR: 0.8, 11.8), respectively. 

With the exception of admission WLZ, a non-statistically significant difference was observed 

between admission anthropometric criteria in infants who died compared to those who survived. 

Infants with a WAZ < -3 SD had 5.05 (95% Cl: 1.80, 14.17; p = 0.002) higher odds of weight gain 

of > 10 g/kg/day than those with a WAZ ≥ -3 SD. Infants with an admission MUAC < 115 mm had 

4.64 (95% Cl: 1.64, 13.12; p = 0.02) higher odds of being hospitalised for more than 7 days when 
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compared to those with a MUAC ≥ 115 mm. Infants with convulsions and shock at admission had 

6.76 (95% CI: 2.57, 17.83; p = 0.0001) and 5.18 (95% CI: 1.49, 18.08; p = 0.01) higher odds of 

mortality than those without convulsion and shock, respectively. The odds of mortality for infants 

with HIV infection was 4.04 (95% CI: 1.86, 8.81; p = 0.0004) while that for those with dermatitis 

was 3.46 (95% CI: 1.77, 6.75; p = 0.0003). 

CONCLUSIONS AND RECOMMENDATIONS: There was a statistically significant difference 

between admission WLZ for infants who died and those who survived but it was not statistically 

significantly associated with death in infants aged 6 - 23 months. Although non-statistically 

significant, it was observed that, infants with MUAC < 115 mm at admission were two times more 

likely to die compared to those with a MUAC ≥ 115 mm at admission. With the exception of 

recovery rate (defined as resolution of oedema) and LOS in the hospital, mortality and daily weight 

gain were observed to be outside the minimum range recommended by Sphere for the inpatient 

management of SAM. Therefore, it is recommended that the Ministry of Health in collaboration 

with Ghana Health Service (GHS) should try and improve the diagnostic skills of health 

workers/clinicians in the area of SAM by incorporating weight, height and MUAC measurements 

into paediatric clinics as well as the provision of appropriate child growth standard charts. There 

is also the need to update clinicians in the recognition and management of SAM, especially 

children with SAM who present with complications and co-morbidities such as convulsions, shock 

and HIV infection for better treatment outcomes. 

Keywords: Severe acute malnutrition, infants, admission criteria, transfer criteria, inpatient care, 

referral to outpatient care, clinical outcomes. 
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CHAPTER 1 INTRODUCTION 

1.1 General introduction 

Undernutrition, which is sometimes referred to as malnutrition, in children younger than five years 

continues to be a public health burden, especially in low- and middle-income countries (Maleta, 

2006:189; Black et al., 2008a:243). Other than a major risk factor for childhood mortality, 

undernutrition has long-term negative effects on educational performance and economic potential 

and increases the risk for chronic illness during adulthood (Bernardo et al., 2013:1, 5). Risk factors 

associated with childhood undernutrition include suboptimal feeding practices, limited quality or 

quantity of food, presence of infectious diseases such as urinary tract infection (Save the Children, 

2012:16; Sunguya et al., 2006:190), inadequate access to safe drinking water and poor sanitation 

(Harvey, 2011:3). Characterised by stunting (being too short for one’s age), wasting (being too 

thin for one’s height), underweight (being too thin for one’s age) and micronutrient deficiencies 

(Black et al., 2008a:243), undernutrition is responsible directly or indirectly for 10.9 million (60%) 

deaths annually among children under-five years (Abera et al., 2017:111).  

Stunting is the result of long-term nutritional insufficiency, which often results in growth retardation 

(resulting from poor food intake or recurrent infections), delayed cognitive development, poor 

school performance and reduced intellectual capacity (Victora et al., 2010:e474; McDonald et al., 

2013:899). Wasting, on the other hand is a symptom of acute undernutrition that limits weight 

gain (McDonald et al., 2013:899). Recent reports show that an estimated 51 million (8%) children 

below five years are wasted globally, while an estimated 16.4 million (2.4%) are severely wasted 

(UNICEF, WHO & WB, 2018:12-13). Other than a weakened immunity, and therefore an 

increased risk for infectious diseases, children who are wasted are susceptible to long-term 

developmental delays. In addition, wasted children have an increased risk of death when the 

wasting is left untreated and it becomes severe (UNICEF, WHO & WB, 2018:2). Children with low 

weight-for-age (WFA) are said to be underweight. A child who is underweight may be stunted, 

wasted, or both wasted and stunted (WHO, 2018b). Research has shown that children who are 

even mildly underweight have an increased mortality risk, and severely underweight children are 

at even greater risk of death (WHO, 2010b:1). 

Sadly, none of the countries with the highest burden of undernutrition has reduced wasting to an 

acceptable level of < 5% (WHO, 2010b:2). In Africa, an estimated 14 million (7.1%) children below 

five years are wasted, with an estimated 4 million (2.1%) being severely wasted. In sub-Saharan 

Africa, approximately 13.1 million (7.7%) children below five years are wasted, with about 4 million 

(2.2%) being severely wasted. In West Africa, an estimated 5.1 million (8.1%) children below five 

years are wasted, with an estimated 1.3 million (2.1%) being severely wasted (UNICEF, WHO & 
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WB, 2018:12-13). However, Ghana, a country in Western Africa, has made tremendous progress 

in reducing under-five years wasting from 10% in 1998 to 5% in 2014 (GSS, GHS & ICF 

International, 2015:153). Despite this progress, stunting and underweight are still relevant 

problems in Ghana. In 2014, approximately 19% of Ghanaian children under-five years were 

considered to be severely stunted and severely underweight (GSS, GHS & ICF International, 

2015:155). 

1.2 Background to the study 

1.2.1 Acute malnutrition 

Acute malnutrition is caused by a decrease in food intake and/or illness resulting in sudden weight 

loss or bilateral pitting oedema of nutritional origin (GHS, 2010:2). Acute malnutrition remains one 

of the most vital risk factors for childhood morbidity and mortality and affects more than 50 million 

children under-five years, playing a role in approximately 8% of all under-five years’ deaths 

globally (Frozanfar et al., 2016:41). Moderate acute malnutrition (MAM) and severe acute 

malnutrition (SAM) are the two characteristic forms of acute malnutrition (Langendorf et al., 2014). 

Globally, an estimated 26 million children under the age of five years are severely and acutely 

malnourished (Sand et al., 2018:261). Moderate acute malnutrition is defined as a WHZ < -2 SD 

and ≥ -3 SD of the median WHO child growth standards and/or a mid-upper arm circumference 

(MUAC) of 115 mm to < 125 mm (Langendorf et al., 2014).  

Severe acute malnutrition is defined as a WHZ < -3 SD of the median WHO child growth 

standards, and/or a MUAC < 115 mm, and/or the presence of bilateral pitting oedema of nutritional 

origin (UNICEF & WHO, 2009:2). Usually, SAM manifests very early in children between the age 

of 6 months and 24 months (Rodríguez et al., 2011:1175). The early manifestation of SAM in this 

age category can be linked to early weaning from mother’s own breastmilk to other foods before 

the first 6 months of age or delayed introduction of complementary foods, a low-protein diet and 

severe or frequent infections (Kwena et al., 2003:97). In low- and middle-income countries, 

approximately 3.5% children under the age of five years suffer from SAM (Rodríguez et al., 

2011:1177), which accounts for 7.8% of all deaths that occur in children between the ages of 1 - 

59 months globally (Black et al., 2013:433). In 2014, an estimated 8.2% of Ghanaian children 

aged 0 - 59 months were identified as having SAM when assessed using WHZ < -3 SD of the 

median WHO child growth standards (GSS, GHS & ICF International, 2015:156). This prevalence 

has only been increased by 0.1% since 1998 when the prevalence was around 8.1% (GSS & MI, 

1999:115). Children with SAM often present with severe muscle wasting with minimal adipose 

tissue. This may also be complicated by oedema with classical features such as dermatitis 

(Walton & Allen, 2011:419). Due to the life-threatening consequences of SAM, it is important that 
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severely malnourished children, especially those below five years are identified and treated at an 

appropriate institution (Bhutta et al., 2008:422; WHO, 2013a:5). This therefore highlights the need 

for appropriate diagnostic criteria for frequent screening and early identification of children with 

SAM, especially those at high risk of death for treatment according to available SAM guidelines 

(WHO, 2013b:2). 

1.2.2 Community- and facility-based management of SAM 

The treatment of SAM has been grouped into community-based and facility-based management, 

depending on the physical and medical status of the children identified (WHO, 2013b:2). The 

treatment of SAM in a facility, either primary health facilities, hospitals or therapeutic feeding 

centres with inpatient care is termed inpatient management of SAM with complication(s), while 

that in the community is termed community-based management of SAM without complication(s) 

(WHO, WFP, UNSCN & UNICEF, 2007:2). Severe acute malnutrition children managed in the 

community are children aged 6 - 59 months who were identified as having SAM but who have an 

appetite (passed appetite test with Ready-to-Use Therapeutic Foods (RUTFs)) and are clinically 

well and alert. These children are treated as outpatients in the community with RUTFs and with 

regular basic medical care (UNICEF & WHO, 2009:3). Conversely, SAM children aged 6 - 59 

months who present with medical complications such as severe oedema, or poor appetite, or 

present with one or more Integrated Management of Childhood Illness (IMCI) danger signs such 

as the inability to breastfeed, and intractable vomiting, are treated as inpatients in a health facility 

or in a hospital (WHO, 2005:17; WHO, 2013b:3). 

1.2.3 Criteria for transferring children with SAM from inpatient care to outpatient care 

Severe acute malnutrition children aged 6 - 59 months who were admitted for treatment in a 

hospital are transferred to outpatient care when their medical complications including oedema are 

resolving, they have good appetite (consumed 75% of their daily RUTF ration), and are clinically 

well and alert (WHO, 2013b:3). According to WHO, the decision to transfer SAM children from 

inpatient care to outpatient care should be based on their clinical condition and not on the basis 

of a specific anthropometric criteria (WHO, 2013b:3). 

1.2.3.1 Criteria for discharging children with SAM from treatment  

Per WHO recommendations, SAM children aged 6 - 59 months who were transferred to outpatient 

care should only be discharged from treatment when their WHZ is ≥ -3 SD of the median WHO 

child growth standards, or the MUAC is ≥ 125 mm (UNICEF & WHO, 2009:3; WHO, 2013a:31). 

Also, the anthropometric indices used to screen and to diagnose SAM should be used to assess 

whether a child has reached nutritional recovery for discharge (WHO, 2013b:20). Irrespective of 
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the anthropometric criteria used, children who present with oedema should only be discharged 

from treatment if they have had no oedema for at least two weeks before discharge (WHO, 

2013b:20). 

1.3 Study rationale 

In 2013, the WHO issued a guideline update on the management of SAM in infants and children. 

According to the WHO, the evidence available for the development of recommendations was in 

general of very low quality (WHO, 2013b:2). In particular, the overall evidence was low for the 

association between anthropometry and risk of mortality at admission. Additionally, there was no 

available evidence informing on the association of anthropometry and duration of stay, growth 

and daily weight gain (WHO, 2013b:17). Nevertheless, in a previous hospital-based study aimed 

at comparing the mortality risk of SAM children aged 12 - 59 months according to their MUAC 

versus their WHZ, a higher mortality risk of 24.4% was observed for children who had both MUAC 

≤ 115 mm and WHZ ≤ -3 SD. However, the risk of death was found to be similar for children 

presenting with a MUAC ≤ 115 mm or WHZ < -3 SD with mortality risk of 10.9% and 10.1%, 

respectively (Berkley et al., 2005:595). Again, in two previous studies undertaken in sub-Saharan 

Africa in SAM children aged 6 - 35 months and 6 - 36 months respectively, a mortality risk of ≤ 

2.2% was reported (Nielsen et al., 2004:1036; Defourny et al., 2009), with a mean duration of 

hospitalisation of 44.4 ± 29.6 days (Defourny et al., 2009). Furthermore, it was reported that 

children aged 6 - 36 months admitted with a lower MUAC had a greater daily weight gain (Nielsen 

et al., 2004:1040). However, there is limited information as to how this translates to the age groups 

within the larger age of children younger than five years.  

In the revised WHO 2013 guidelines for the management of SAM, WHO recommends using WHZ 

< -3 SD or a MUAC < 115 mm or bilateral oedema as a lone admission criterion for SAM in 

children aged 6 - 59 months into a nutritional programme for treatment (WHO, 2013b:20). 

Additionally, children identified as having SAM based on the aforementioned criteria and who 

present with medical complications, severe oedema or poor appetite or present with one or more 

IMCI danger signs should be treated as inpatients (WHO, 2013b:20). Further, WHO recommends 

transferring these children to outpatient care only if their medical complications including oedema 

are resolving, have good appetite and are clinically well and alert (WHO, 2013b:20). However, 

this indication refers to all children aged 6 - 59 months and does not consider the specific age 

groups within the broader, aged 6 - 59 months. This has led to discrepancies regarding the 

relationship between anthropometric criteria and/or oedema for children aged 6 - 59 months in 

relation to clinical outcomes for the management of SAM, especially in inpatient settings (Grellety 

et al., 2015:2576; Modi et al., 2015:1586; Sachdeva et al., 2016:2519). The WHO 2013 guideline 

development group also highlighted the need for more studies aimed at assessing admission 
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anthropometric and clinical characteristics in relation to response to treatment in children with 

SAM (WHO, 2013b:22). Therefore, following the WHO guideline updates, more studies have been 

conducted, especially in countries with the greatest burden of SAM, with the aim of evaluating the 

association of anthropometric and/or clinical measures with mortality risk for children below five 

years (Fiorentino et al., 2016; Hossain et al., 2017:1233; Wagnew et al., 2018:64). 

Nonetheless, when looking at studies on the association of anthropometric and clinical diagnostic 

criteria with mortality risk for the inpatient management of SAM in infants aged 6 - 23 months, 

there were no studies that sought out the relationship between anthropometric criteria and/or 

oedema in relation to clinical outcomes such as recovery rate, death rate, duration of hospital 

stay, time to death and rate of weight gain (Misganaw et al., 2014:20). When looking at the 

situation in West Africa, and specifically in Ghana, very little published literature on the 

relationship between anthropometric criteria and/or oedema in relation to mortality risk for 

inpatient management of SAM in infants and children aged 0 - 59 months could be found. Even 

with the few published studies available on the inpatient management of SAM and the risk of 

mortality, the focus has not been on specific age groups, but rather on all children aged 0 - 59 

months.  

Recently, in a hospital-based study conducted in SAM children aged 0 - 59 months in Ghana, a 

mortality rate of 11.6% and a recovery rate of 82.6% were reported (Osei, 2016:94). In another 

study undertaken in SAM children aged 6 - 59 months enrolled from the outpatient care of a 

Ghanaian referral and teaching hospital, it was reported that 33.6% of the children admitted based 

on a MUAC < 115 mm recovered while 11.5% were transferred to other outpatient units to 

continue treatment. The mean weight gain was 28 g/kg/day with a mean duration of hospital stay 

of 8.0 ± 5.34 days. Children who had oedema on admission were reported to be more likely to 

gain greater weight and improved in MUAC on discharge than their severely wasted peers (Saaka 

et al., 2015b:4). It has also been observed that anthropometric measurements are often not done 

in some health facilities or hospitals in Ghana (Antwi, 2008:101).  

Inasmuch as numerous studies have been done on SAM, to our knowledge, no studies have been 

done in sub-Sahara African or Ghana with the focus on infants aged 6 - 23 months aimed at 

assessing or determining the clinical outcomes after they have been diagnosed, admitted and 

treated for SAM based on current WHO recommendations for inpatient management of SAM. 

Most importantly, there is a paucity of knowledge and research regarding anthropometric 

measures and/or oedema at admission in relation to clinical outcomes of infants aged 6 - 23 

months diagnosed with SAM, admitted, treated and subsequently discharged in Ghana. To this 

aim, a study was undertaken to determine the associations between anthropometric measures 

and/or oedema at admission and transfer with mortality risk, rate of recovery, duration of hospital 
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stay and rate of weight gain in infants aged 6 - 23 months from three Ghanaian referral hospitals. 

The present study is a sub-study of the Severe Acute Malnutrition in African Children (SAMAC) 

study, a multi-country, multi-hospital collection of already existing hospital medical records aimed 

to evaluate current admission criteria, treatment protocols and practices for the various conditions 

related to SAM in sub-Sahara African children aged 0 - 59 months. 

1.4 Aim of study 

The study aims to determine the associations of anthropometric measure and/or oedema at 

admission with mortality risk, recovery rate, LOS in the hospital and rate of weight gain in infants 

aged 6 - 23 months admitted and treated for SAM in three Ghanaian referral hospitals. 

1.4.1 Study objectives 

The specific objectives to achieve this aim are to: 

 Determine the admission and transfer criteria (MUAC and/or WLZ and/or oedema) in 

infants aged 6 - 23 months diagnosed with SAM, admitted, treated and subsequently 

discharged in three Ghanaian referral hospitals. 

 Determine the clinical outcomes (death rate, recovery rate, referral to outpatient rate, 

LOS in hospital and rate of weight gain) in infants aged 6 - 23 months diagnosed with 

SAM, admitted, treated and subsequently discharged in three Ghanaian referral 

hospitals. 

 Determine the associations of admission and transfer criteria in relation to the clinical 

outcomes in infants aged 6 - 23 months diagnosed with SAM, admitted, treated and 

subsequently discharged in three Ghanaian referral hospitals. 

1.5 Ethical approval 

Ethical approval was obtained for this study from the Health Research Ethics Committee (HREC) 

of the Faculty of Health Sciences of the North-West University (NWU), Potchefstroom (NWU-

00063-17-S1), and the Ghana Health (GHS) Ethics Review Committee 

(GHS/RDD/ERC/Admin/App/637). In addition, ethical approval was sought from the School of 

Medical Sciences, Komfo Anokye Teaching Hospital Committee on Human Research, Publication 

and Ethics (CHRPE/AP/374/17). Permission was also sought from Komfo Anokye Teaching 

Hospital, the Princess Marie Louise Children’s Hospital (GHS/PMLGH/RS/G-43) and the Tamale 

Teaching Hospital of Ghana. 
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1.6 Research team 

Table 1-1 shows the list of the members of the research team and their roles. None of the research 

team members had a conflict of interest to declare. 

Table 1-1: Research team members and their roles 

Partner name Team member Role and responsibility 

North-West University Dr Martani Lombard Principal investigator 

North-West University Dr Robin Dolman Principal investigator and study 
leader 

North-West University Mrs Cornelia Conradie Principal investigator and Co-
supervisor 

North-West University Dr Cristian Ricci Associate investigator and 
Biostatistician 

North-West University Ms Hannah Asare MSc student responsible for the 
planning and implementation of the 
research work. Conducted data 
extraction, data capturing and 
analyses, statistical analysis and 
writing of mini-dissertation and 
manuscript for publication 

1.7 Structure of this mini-dissertation 

Chapter 1 consists of the introduction, the problem statement, aim and specific objectives of this 

mini-dissertation. Chapter 2 comprises of the literature review, which provides a detailed 

understanding of SAM and its clinical presentation in children aged 0 - 59 months. Also included 

is the guideline for the treatment of SAM, risks factors for mortality in SAM children and co-morbid 

infections associated with SAM that affect treatment outcomes. 

Chapter 3 describes the methods used for this observational analysis. The results for this study 

will be provided in chapter 4 and a detailed discussion on the findings in chapter 5. Chapter 6 

consists of the conclusions and recommendations. Finally, the references for the citations used 

in these chapters will follow at the end of the document in the modified Harvard-style, as required 

by the North-West University. 
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CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction 

The Republic of Ghana is located on the West coast of Africa and divided into 10 regions (Ashanti, 

Brong-Ahafo, Central, Eastern, Greater Accra, Northern, Upper East, Upper West, Volta, and 

Western) and 216 districts (GSS, GHS & ICF International, 2015:1). Since independence (1957), 

Ghana has remarkably improved in economic developments, poverty reduction, health 

infrastructure and investments. Despite these positive achievements, much improvement in child 

undernutrition and mortality has not been seen (USAID, 2014:1). Critical food insecurity and 

chronic undernutrition still persist in Ghana. It was therefore not surprising that in 2008, Ghana 

was classified as one of the countries with a high prevalence of undernutrition in younger children 

(Black et al., 2008b:247).  

This notwithstanding, Ghana in the past years had witnessed a decreasing trend in wasting 

among children below five years, from 8% in 2003 to 5% in 2014. However, regional disparities 

exist, with the Upper East Region recording an estimated prevalence of 9% for wasting in children 

(GSS, GHS & ICF International, 2015:155-156). Furthermore, it has recently been reported that 

10% of Ghanaian children between the ages of 6 - 8 months were wasted, with 2.4% being 

severely wasted, and 11% of those between the ages of 9 - 11 months were wasted, with 2% 

being severely wasted (GSS, GHS & ICF International, 2015:155).  

2.1.1 Wasting and severe wasting 

Wasting reflects acute malnutrition and is an extremely common disorder in children younger than 

the age of five years. Wasting occurs as a result of inadequate food and nutrient intake. When 

this happen, it can lead to many health problems and also being at increased risk of death 

(Harding et al., 2018). In 2015, an estimated 13% of global under-five’s deaths were ascribed to 

wasting, which represents approximately 875,000 preventable child deaths (Black et al., 

2013:433). This has led to an enormous body of studies which emphasised the morbidity and 

mortality significance of wasting (Nel, 2016:234; Ghosh-Jerath et al., 2017:j4877; Tickell et al., 

2017:1337; WHO, 2018a). Wasting may result from, amongst others, an interaction of seasonal 

variation in food availability, inadequate caring practices, maternal stature, dietary inadequacy, 

poverty, diarrhoea, inappropriate complementary feeding practices, intrauterine growth restriction 

and infectious diseases (Arimond & Ruel, 2004:2579; Ozaltin et al., 2010:1507; Christian et al., 

2013:1342; Olofin et al., 2013; Richard et al., 2013:1129).  

Wasting may also be initiated by serious health consequences, such as malaria or cholera, which 

often trigger weight loss due to poor appetite and diarrhoea episode. This can lead to increased 
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loss of muscle and fat tissue due to insufficient macro-and micronutrient consumptions and/or 

retention (Lenters et al., 2013:S23). Serious health consequences can develop when the wasting 

is severe, such as the appearance of bilateral pitting oedema resulting from the interaction of poor 

diet and health (Harding et al., 2018). Additionally, children who are wasted may be highly 

susceptible to life-threatening infections, such as pneumonia and diarrhoea, especially when 

secondary immunodeficiencies such as Human Immunodeficiency Virus (HIV) and tuberculosis 

exist (Bhutta et al., 2017:7). 

In spite of these risks associated with wasting, global reduction has been slow over the past four 

decades, with Southern Asia, Oceanic, South-eastern Asia and Western African countries noting 

high prevalence rates for wasting each year (UNICEF, WHO & WB, 2018:1, 8). Thus, the 

continued high burden of wasting among children below five years represents an urgent policy 

priority (Shekar et al., 2017:1). In view of this, the World Health Assembly has included a sixth 

global nutrition target for wasting for 2025, aimed at reducing and then maintaining wasting among 

children younger than five years to < 5% (WHO, 2014:1). This target has also been included in 

the United Nations’ sustainable development goal two, which commits to ending malnutrition in 

all its forms by 2030 and achieving by 2025, the internationally agreed targets on wasting (UN, 

2015:17).  

Although there is a global agreement on the need for action, there are still many gaps in 

understanding the severe form of wasting known as severe acute malnutrition (SAM) - a life-

threatening condition requiring urgent, specialised treatment (Mogeni et al., 2011:900). 

Furthermore, studies have shown that Ghana is among the three sub-Saharan Africa countries 

(included are Malawi and Zambia) with a high burden of acute malnutrition (moderate and severe 

acute malnutrition) with estimated prevalence rates of 9%, 5% and 5% respectively (Maleta & 

Amadi, 2014:S35). Therefore, this literature review seeks to shed more light on what SAM is, 

clinical presentations, diagnosis, guidelines for management, outcomes of the treatment of SAM 

including mortalities associated with SAM, risk factors for SAM and infectious co-morbid 

conditions that influence the risk of death in children with SAM.  

2.2 Severe acute malnutrition (SAM) 

Severe acute malnutrition is highly associated with the majority of global under-five years’ 

morbidity and mortality, despite the numerous measures employed to combat it (Aheto et al., 

2015:552). Severe acute malnutrition in children aged 6 - 59 months is defined as a MUAC < 115 

mm, a WHZ below -3 SD or the presence of bilateral pitting oedema of nutritional origin (Mogeni 

et al., 2011:900). Globally, approximately 19 million (3.1%) children under the age of five years 

suffer from SAM, with most of these living in sub-Saharan Africa and Asia (Maleta & Amadi, 
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2014:S34). Every year, SAM is the direct cause of an estimated 7.8% deaths among children 

aged 1 - 59 months (Black et al., 2013:433). It is also an important underlying contributor to many 

other child deaths, particularly those due to diarrhoea, malaria and pneumonia (Ashworth et al., 

2003:9).  

The prevalence and mortality rates ascribed to SAM are predominantly high in children below 12 

months (Kerac et al., 2014b:5) and children hospitalised with oedematous malnutrition (Ahmed et 

al., 2009:651). The word “acute” in SAM highlights the fact that wasted and/or oedematous 

children are different from children who are stunted, as the latter are chronically malnourished 

and their deficits in height and age cannot be corrected in the shortest possible term (Ashworth, 

2008:546). Furthermore, research has shown that children who are severely wasted are almost 

12 times more likely to die compared to their not severely wasted peers (Khara & Dolan, 2014:9). 

Due to these pronounced effects of SAM on children, especially those below 24 months, it has 

resulted in an extensive body of research that seeks to find solutions to early diagnosis, 

management and associated outcomes with regards to the management of SAM for 

policymakers. 

2.2.1 Clinical presentation of SAM 

Severe acute malnutrition mostly manifests in the form of protein-energy malnutrition (PEM). 

Protein-energy malnutrition is a term previously used to describe the nutritional deficiency of 

energy and protein in addition to the clinical and/or subclinical deficiencies of micronutrients 

(Jahoor et al., 2008:87). Oedematous malnutrition (kwashiorkor), non-oedematous SAM or 

severe wasting (marasmus) and severe wasting complicated by oedema (marasmic-kwashiorkor) 

are the three classical forms of PEM (Ahmed et al., 2013:5). These three forms of PEM are known 

to be the main clinical syndromes of severe childhood malnutrition, with wasting being the physical 

appearance (Jahoor et al., 2008:87).  

Oedematous malnutrition is very common in children with inadequate dietary intake of proteins 

but adequate intake of carbohydrates for maintenance of the body’s energy needs (Jahoor et al., 

2008:87). Usually, there is severe albumin and serum protein depletion resulting in a higher risk 

for infection (Prada et al., 2011:978). Children who suffer from oedematous malnutrition often 

appear to have an adequate weight-for-their age owing to the presence of oedema, which usually 

appears in different degrees. The presence of oedema is graded as mild (+1) if it appears in the 

feet or ankle, moderate (+2) if it progresses to involve the lower legs and hands/or arms and 

severe (+3) if it involves the feet, legs, arms and the whole face (Trehan & Manary, 2015:283). 

Other clinical signs of oedematous malnutrition include the presence of flaky paint dermatitis with 

areas of hypo- and hyper-pigmentation. With flaky paint dermatitis, the skin may come off in scales 
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and may become an entry point for infectious pathogens. There is also the presence of “moon 

face” appearance, bloated abdomen, and sparse depigmented hair (Trehan & Manary, 2015:283). 

In contrast to oedematous malnutrition, non-oedematous malnutrition or severe wasting in 

children occur due to short-term adaptation to food deprivation. It involves the gradual 

deterioration of fat and muscle to provide energy for survival and proteins to defend various 

metabolic processes such as synthesis of amino acids essential for homeostasis (Jahoor et al., 

2008:88). In non-oedematous malnutrition, visible severe wasting is seen in the axilla, groin and 

thigh, buttocks (commonly known as baggy pants) and the face, which gives rise to a wrinkled 

appearance called the “old man” face. Children with non-oedematous malnutrition tend to be very 

weak and emaciated due to the significant amount of weight loss. Affected children also become 

lethargic, irritable and have very poor appetite due to the presence of micronutrient deficiencies 

and infections (Walton & Allen, 2011:419).  

Severe wasting complicated by oedema (marasmic-kwashiorkor) is the third form of SAM and it 

manifests clinically by the presence of both visible severe wasting of subcutaneous tissue, 

oedema of the limbs, enlarged liver and severe serum depletion of proteins (Müller & Krawinkel, 

2005:281). Affected children tend to be severely ill and therefore have a higher risk of mortality 

than children with either severe wasting or oedematous malnutrition only (Trehan et al., 

2013:431). 

2.3 Criteria for identifying children with SAM for treatment in the community or in a 

facility or in a hospital 

In order to attain an early identification of children with SAM for management, it is recommended 

that community members and trained community health workers measure the MUAC of children 

aged 6 - 59 months and also examine them for bilateral pitting oedema (WHO, WFP, UNSCN & 

UNICEF, 2007:2). Children aged 6 - 59 months, identified as having a MUAC < 115 mm or any 

degree of bilateral pitting oedema, need to be immediately referred to a health facility for a 

thorough assessment (WHO, 2013b:2). When children identified with SAM are brought to a health 

facility, it is recommended that health workers/clinicians assess the MUAC or the weight-for-

height (WFH) status of children aged 6 - 59 months and examine them for bilateral pitting oedema 

(WHO, WFP, UNSCN & UNICEF, 2007:3; WHO, 2013b:2). Children identified as having a WHZ 

< -3 SD of the median WHO child growth standards, or a MUAC < 115 mm and/or have any 

degree of oedema, should be admitted immediately for the treatment of SAM (WHO, 2000:3; 

WHO, 2013b:2). To assess for oedema, the thumb is placed for a few seconds on top of each 

foot of the child, if a dent remains in the foot when the thumb is lifted, the child is said to have 

oedema (WHO, 2000:3).  
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Other indicators used to assess SAM in children below five years may include biochemical 

analysis such as changes in serum albumin level, and clinical signs of visible severe wasting of 

the muscles of the shoulders, arms, buttocks and thighs, or visible rib (Berkley et al., 2005:591; 

Page et al., 2013:3). Previously, visible severe wasting was used as a lone criterion for diagnosing 

SAM in health facilities and during emergency situations in first referral hospitals (Duggan, 

2010:1). Recent WHO guideline updates on the management of SAM recommends health 

workers/clinicians to always examine children identified with SAM naked to identify other medical 

complications instead of using visible severe wasting as a stand-alone criterion for the diagnosis 

in children under-five years (WHO, 2013b:18). 

2.4 Malnutrition anthropometric indicators 

Anthropometry refers to the measurement of body size and composition (e.g., weight and height) 

to assess the nutritional status of individuals or groups or communities. Nutritional status refers 

to the internal state of an individual as it relates to the availability and utilisation of energy and 

nutrients at the cellular level (Wolfe, 2006:478; Frempong & Annim, 2017). Often, anthropometric 

status is interchanged with nutritional status, but these two terms are different; this is because, 

the nutritional state of the individual cannot be observed directly and therefore one must rely on 

measurable indicators of this state to determine the nutritional status of an individual (Gibson, 

2005:5). Thus, to measure a person’s nutritional status, anthropometry, body composition, clinical 

signs of deficiencies, metabolic processes, biochemical compound and physical function are used 

as indicators (Maleta, 2006:189). The choice of which of these indicators to use depends on the 

availability of resources and the problem that needs to be addressed. Some common terms used 

to associate with anthropometric measurements are anthropometric indices and anthropometric 

indicators (Maleta, 2006:189). 

Anthropometric indices are a combination of body measurements expressed in terms of z-scores 

or percentage of median or percentiles, which is used to compare a child or group of children with 

a reference population (Manary & Sandige, 2008:1227). The z-score system allows the estimation 

of a child’s growth status by combining sex and age. One advantage of this system is that it allows 

the mean and SD to be calculated for a group of z-scores in population-based studies. In children, 

the three most commonly used anthropometric indices are WFA, height-for-age (HFA) and WFH 

(Appiah, 2015:22).  

Conversely, the term anthropometric indicator(s) relates to the application or the use of 

anthropometric indices. Indicators are often constructed from indices, e.g., the proportion of 

children below a certain level of WFA is widely used as an indicator of community nutritional status 

(Jackson, 2018:51). Common anthropometric indicators of malnutrition in children are a 
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combination of their body measurements and their age. The internationally recommended 

anthropometric indicators include WFH depicting wasting, HFA showing stunting and WFA 

showing underweight (Blossner & de Onis, 2005:13). 

2.4.1 Weight-for-age (WFA) 

Weight-for-age refers to the weight of a child relative to the normal weight of a child of the same 

age expressed as a z-score (Maleta, 2006:189). Low WFA indices identify children as being 

underweight or severely underweight for a specific age, e.g., they have low weight in relation to 

their age when compared to the WHO child growth standards. If a child’s weight-for-age z-score 

(WAZ) is < -2 SD, the child is said to be underweight, and when the WAZ is < -3 SD, the child is 

said to be severely underweight. The WFA index is a composite indicator of stunting and wasting 

as a child can have a low WFA because they are short, thin or both (Khara & Dolan, 2014:8). 

However, although WFA is unable to distinguish between chronic and acute malnutrition (stunting 

and wasting), low WFA index has the advantage of showing both past and/or present 

undernutrition (KNBS & ICF Macro, 2015:158). Weight in children is measured to the nearest 0.1 

kg by using a hanging scale or an electronic scale. Some weighing scales may require calibration 

before use and the children should be weighed with minimum clothing and without shoes (Saaka 

& Galaa, 2016:2). 

Although no longer recommended for diagnosing SAM requiring inpatient care, a WFA < 60% of 

normal weight or visible signs of severe wasting used to be the criteria for diagnosing non-

oedematous malnutrition. This criterion is no longer recommended for use because it was 

reported to have led to inappropriate admission of stunted and/or underweight children for the 

treatment of SAM (Ashworth et al., 2004:1113-1114; Bejon et al., 2008:1626). Conversely, 

discharge criteria in the past for children aged 6 - 59 months used to be 15% weight gain for three 

consecutive weeks and/or oedema-free for two consecutive weeks in addition to the child being 

clinically well and alert (GHS, 2010:5). The use of this 15% weight gain as a discharge criterion 

for children managed for SAM has not been successful, as it was reported to have led to the early 

discharge from treatment of children who still had a higher degree of malnutrition and who were 

still at high risk of death if treatment was discontinued (WHO, 2013b:2).  
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2.4.2 Height-for-age (HFA) 

Height-for-age is defined as the height of a child relative to the normal height of a child of the 

same age expressed as a z-score (Maleta, 2006:189). Standing height is measured to the nearest 

0.1 cm for children above 24 months, while recumbent length is measured for children below 24 

months (Harding et al., 2018). The HFA index is an indicator of linear growth retardation and 

cumulative growth deficits. This is commonly identified when the child falls off the standard growth 

trajectory of the WHO child growth standards (ENN, 2014). Children whose height-for-age z-score 

(HAZ) is < -2 SD are considered to be stunted and chronically malnourished, while those whose 

HAZ is < -3 SD are considered to be severely stunted and they are 6 times more likely to die 

compared to those not severely stunted (Khara & Dolan, 2014:8-9). Stunting echoes failure to 

receive adequate nutrition over a long period of time and is affected by recurrent and chronic 

illness (KNBS & ICF Macro, 2015:158).  

2.4.3 Weight-for-height (WFH) 

The WFH measurement is used to measure body mass in relation to body length for children 

below 24 months and body height for those above 24 months to help identify children who are 

undernourished due to recent food deprivation (Victora et al., 2010:e473; Frempong & Annim, 

2017:5). To obtain the WHZ, one must plot the measured weight and height on the WHO child 

growth standard charts (WHO, 2006). If on the WHO growth charts the traced WFH measurement 

corresponds to a WHZ < -3 SD, it implies the child is severely wasted and therefore needs to be 

given special attention in a health facility (WHO, 2013b:2). The nutritional status of the child is 

classified as adequate when the WHZ is > -2 SD, moderate wasting when the WHZ is ≤ -2 SD 

but ≥ -3 SD, and severe wasting when the WHZ is < -3 SD (UNICEF & WHO, 2009:2). However, 

the process of plotting the weight and length values on growth charts is sometimes considered 

lengthy and difficult by some health workers/clinicians, therefore, the WHZ is usually not made 

use of in some health facilities compared to the MUAC measurements (Chiabi et al., 2016:260). 

2.4.4 Mid-upper arm circumference (MUAC) 

Mid-upper arm circumference measurement was endorsed in 2007 as a screening tool for 

identifying children aged 6 - 59 months with SAM for treatment either in the community with 

regular visits to a health centre, or for treatment in an inpatient care facility (WHO, WFP, UNSCN 

& UNICEF, 2007:3). The MUAC is done by using a simple colour-coded non-stretch tape measure 

with fixed cut off values. The MUAC measurement is preferred to determine nutritional status over 

other indicators such as WHZ, because MUAC is claimed to be a low-cost method and simple to 

use (Chiabi et al., 2016:260). It is also said that taking MUAC measurement can help identify 
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younger children at high risk of death from malnutrition and therefore, it is the appropriate 

admission criteria for nutritional treatment programmes (Khara & Dolan, 2014:10). Taking the 

MUAC measurement does not need a growth chart for the interpretation of the measurement 

taken (Mwangome et al., 2012b:623). Additionally, because MUAC tape measure is not bulky, 

like length or height boards and scales, health workers carry it in their pockets and it usually 

becomes a useful tool for screening for acute malnutrition during emergency situations (Myatt et 

al., 2006:S8).  

To measure the circumference of the mid-upper arm, the midpoint of the left arm is first located. 

The MUAC tape is placed around the located mid-upper arm and the measurement taken. If the 

MUAC measure is < 115 mm (corresponds to a red region on the tape measure used), it implies 

the child is severely malnourished. A yellow region of 115 mm to 125 mm implies the child is 

moderately malnourished, while a green region of ≥ 125 mm indicates the child is well-nourished 

(Appiah, 2015:23). A child with an extremely low MUAC is 18.91 times more likely to be wasted 

than a child with a higher MUAC value. Thus, it is important that children aged 6 - 59 months 

identified with a MUAC < 115 mm are sent to a health facility for further assessment as it is a sign 

of SAM and risk for mortality (Khara & Dolan, 2014:10).  

Furthermore, a previous study confirmed that the most reliable marker for assessing severe 

wasting in children with SAM over other markers is the MUAC measure (Bejon et al., 2008:1630). 

The explanation for this was that the use of the HAZ measure, for instance, could identify children 

who are stunted rather than children who are wasted. Also, moderate and severe wasting are 

highly associated with acute diseases such as respiratory tract infections (RTIs) and death than 

is stunting (Garenne et al., 2006:2898). Conversely, if the WAZ measure is used, the weight at 

the admission may be affected by an acute malaria or dehydration. The dehydration may further 

cause a very significant increase in the WAZ or WHZ, but it is usually impossible for the MUAC 

measure to vary significantly with dehydration (Bloss et al., 2004:263; Caulfield et al., 2004:193). 

Even so, there are still discrepancies regarding the use of the two internationally recommended 

anthropometric diagnostic criteria (MUAC or WHZ) for SAM as it is claimed that MUAC and WFH 

identify children differently for treatment (Briend et al., 2016; Grellety & Golden, 2016). 

2.5 Current recommended criteria for identifying children aged 6 - 59 months with SAM 

for inpatient care 

The recent WHO guideline updates in 2013, on the management of SAM, recommend that 

children aged 6 - 59 months who meet the diagnostic criteria for SAM (MUAC < 115 mm alone or 

WHZ < -3 SD alone), and/or have medical complication(s), including oedema or present with one 

or more integrated childhood illnesses, should be admitted to a facility for the management of 
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SAM (WHO, 2013b:2). Medical complications may include, but are not limited to respiratory 

distress, severe pallor, high fever, severe dehydration, bilateral pitting oedema and/or poor 

appetite (WHO, 2000:2). One or more integrated childhood illnesses may include malaria, 

measles, diarrhoea and RTIs (WHO, 2005:ix).  

In Ghana, the Ghana Health Service (GHS), a public service responsible for implementation of 

national policies under the control of the Ministry of Health, has its own interim guidelines and 

criteria for the management of SAM in hospitals and in the community. This interim national 

guideline was released in 2010 and was the first formal comprehensive guideline for the 

management of all SAM cases in the country. This guideline indicates that the MUAC measure of 

< 115 mm should be used to assess severe wasting in children aged 6 - 59 months for the 

diagnosis of SAM for inpatient care (GHS, 2010:2). In addition to the MUAC measure, it is 

recommended that health workers assess for bilateral pitting oedema, as well as other clinical 

signs to indicate the severity of the SAM for a tailored treatment (GHS, 2010:3). 

2.5.1 Current recommended criteria for transferring children aged 6 - 59 months with 

SAM from inpatient care to outpatient care  

Once a child being treated for SAM is attended to and stabilised in the inpatient care, the child is 

transferred to the outpatient care for further nutritional management with basic medical follow-up. 

At this point, it is assumed that the child’s medical complication(s) and/or oedema are resolving, 

he/she has a good appetite and is clinically well and alert. Per WHO recommendations, under no 

circumstance, should any SAM child be transferred from inpatient care to outpatient care on the 

basis of specific anthropometric outcomes such as a specific WHZ or MUAC, but rather on the 

basis of the child’s clinical status at the time of transfer (WHO, 2013b:3). Table 2-1 shows the 

outline for admission into inpatient care, transferring into outpatient care and discharging from 

treatment for children with SAM. 
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Table 2-1: Admission, transfer and discharge criteria for children aged 6 - 59 

months with SAM 

Management Approach Inpatient care criteria Outpatient care criteria 

 SAM with medical complication SAM without medical 
complication 

Admission criteria 

Anthropometric indicator 
and clinical measures 

Bilateral pitting oedema (+3), or any 
grade of bilateral pitting oedema with 
severe wasting (MUAC < 115 mm), or 
SAM with medical complications 

Bilateral pitting oedema (+2), or 
(+1), or severe wasting (MUAC 
< 115 mm) 

Medical complications  

(beside severe bilateral 
pitting oedema, poor 
appetite and marasmic 
kwashiorkor) 

Hypoglycaemia, hypothermia, severe 
anaemia, intractable vomiting, 
convulsions, lethargy, unconsciousness, 
high fever, severe dehydration, lower 
respiratory tract infection, skin lesion, 
eye signs of vitamin A deficiency 

Clinically well and alert 

Appetite Failed appetite test Passed appetite test 

Discharge criteria 

 Referral to outpatient care if oedema 
reducing and/or medical complication 
resolving, and clinically well and alert 

Discharge if attained 15% 
weight gain or more for two 
consecutive weeks, no bilateral 
pitting oedema for two 
consecutive weeks and 
clinically well and alert 

Source: (GHS, 2010:4). 

2.6 Discussion on MUAC and/or WHZ as criteria for identify children with SAM for 

treatment 

Severe acute malnutrition is highly associated with mortality in children under-five years, but this 

could be reduced if those most vulnerable were identified and treated (Chiabi et al., 2016:260). 

To identified children aged 6 - 59 months with SAM for treatment, the WHZ or MUAC measure 

and/or the presence of bilateral pitting oedema are recommended for use internationally (WHO, 

2013b:2). However, studies have shown that MUAC and WHZ do not identify the same set of 

severely malnourished children due to regional variations, differences in body shape, leg length 

and the presence of stunting (Grellety & Golden, 2016).  

A previous study was undertaken by Berkley et al. (2005:594), aimed at comparing the risk of 

mortality of hospitalised children with SAM aged 12 - 59 months. It was observed that MUAC and 
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WHZ identified different sets of children with only a partial overlap. When children with a MUAC 

≤ 115 mm were compared with children with a WHZ ≤ -3 SD, it was observed that a MUAC ≤ 115 

mm was more likely to identify children of younger age, those who were female and who were 

stunted. Mortality rate was observed to be similar for children who had a MUAC ≤ 115 mm and 

children who had a WHZ ≤ -3 at admission with rates of 10.9% and 10.1% respectively. The 

highest mortality was however observed in children who had both a low MUAC and WHZ, with a 

mortality rate of 25.4% (Berkley et al., 2005:594-595).  

Nielsen et al. (2004:10412), in their study in Guinea-Bissau, concluded that children diagnosed 

with SAM based on a MUAC measure were more likely to recover nutritionally and have a better 

rate of growth. Conversely, Chomtho et al. (2006:862) revealed that WHZ measurements 

encompass both fat and fat-free body mass while MUAC is strongly related to fat mass and does 

not predict total or regional fat-free mass in children. It was therefore concluded that MUAC and 

WHZ are likely to measure different components of body stores and thus identify different groups 

of vulnerable children who need urgent nutritional and medical intervention to prevent fatal 

outcomes (Chomtho et al., 2006:862). 

Although several studies have been done on the anthropometric diagnostic and discharge criteria 

for SAM, there is still a paucity of research on the relationships of admission criteria and time to 

recovery, growth and daily weight gain in children with SAM. Most importantly, although the recent 

WHO guideline update has made some strong recommendations regarding the criteria for 

identifying and admitting children with SAM for treatment, there is insufficient data regarding the 

associations of recommended anthropometric cut-offs for admitting children with SAM for 

treatment and the risk of death. This calls for more studies in this regard so that subsequent 

recommendations can be based on very high-quality evidence (WHO, 2013b:1-22). Since the 

2013 WHO guideline updates on the management of SAM in younger children, many studies 

have been conducted especially in countries with the highest burden of SAM to compare the 

characteristics and treatment outcomes of children admitted into nutritional treatment 

programmes for the management of SAM. Provided in Table 2-2 is a summary of some studies 

undertaken in sub-Saharan Africa with the aim of assessing the treatment outcomes of children 

with SAM managed as inpatients by the anthropometric criteria used at the admission.  

Chiabi et al. (2016:262-266) (Table 2-2), compared MUAC and WHZ measures as predictors of 

mortality in children admitted with SAM into an inpatient malnutrition unit in Cameroon. It was 

observed that the MUAC measure predicted death with a sensitivity of 95.5% (21 of the 22 

children who died during inpatient care had MUAC < 115 mm) and a specificity of 25% (22 of the 

84 children who were discharged alive had MUAC ≥ 115 mm). The WHZ measure had a sensitivity 

of 86.4% (19 of the 22 children who died during inpatient care had a WHZ < -3 SD) and a 



  CHAPTER 2: LITERATURE REVIEW 

19 

specificity of 21.4% (18 of the 84 children who were discharged alive had a WHZ < -3 SD). It can 

thus be seen that the accuracy with which the MUAC cut-off predicted death was higher than that 

of WHZ cut-off with a p-value of 0.001 compared to 0.03 for WHZ. Likewise, Rytter and co-authors 

in their study also revealed that a lower MUAC was the only anthropometric indicator that was 

associated with mortality in children aged 6 - 59 months. However, there was a 40% lower 

mortality risk for every centimetre increase in MUAC (Rytter et al., 2016:496). Chiabi et al., 

(2016:266) in their study concluded that the MUAC < 115 mm is a better indicator of mortality and 

is a better tool for identifying children with SAM at increased risk of death than WHZ < -3 SD. 

Even in hospitalised infants aged 6 - 14 weeks in Gambia and aged 1 - 6 months in Kenya, 

Mwangome et al. (2017:1418) and Mwangome et al. (2012a:887) also reported that MUAC < 115 

mm predicted death better than WHZ < -3 SD. 

A potential explanation to the similarities in the above findings could be linked to the fact that WHZ 

is lower in children with long legs (Myatt et al., 2009:5-20), and higher in children with large 

abdominal circumferences or large chests (Post & Victora, 2001:1291). Nevertheless, it has been 

documented that children with long legs are usually children who are healthier. Also, children with 

large chests or abdominal circumferences are unlikely to have higher muscle mass and larger 

nutritional reserve (Bogin & Varela-Silva, 2010:1050). This can have an impact on the relationship 

between WHZ and survival and in so doing, making it less accurate in predicting death (Chiabi et 

al., 2016:263). A further explanation regarding the accuracy of MUAC could be because, MUAC 

and body proportions, which usually affect WHZ, increase with age. Therefore, using a fixed cut-

off, which is not adjusted for age could result in dissimilarities in the accuracy in the cut-off being 

used to identify vulnerable children of different age groups for treatment (Chiabi et al., 2016:262). 

This appears to be in congruent with the observation made by Berkley et al. (2005:594), because 

although the mean ages in their study appeared similar, the distribution of ages significantly 

differed between the MUAC and WHZ category. It can therefore be reasoned that the accuracy 

of MUAC and WHZ cut-offs vary with age groups (Chiabi et al., 2016:263). 

Burrell et al. (2017:227) (Table 2-2), assessed the adequacy of using MUAC and WHZ as tools 

for determining nutritional recovery and as criteria for discharging children admitted and treated 

for SAM in the Gambia. Regarding nutritional recovery, a significantly positive correlation (r2 = 

0.50, r = 0.71; p < 0.001) was observed between percentage MUAC gain (mm) and percentage 

weight gain (g). With regard to the discharge criteria, it was observed that children with a MUAC 

≥ 125 mm had a statistically higher MUAC gain on discharge than children with a WHZ < -2 SD 

with a median of 60 mm (interquartile range (IQR): 46, 74). However, children with WHZ ≥ -2 SD 

had a significantly higher median rate of weight gain than those with MUAC ≥ 125 mm with a 

difference of -1.44 SD (IQR: -2.34, -0.54; p = 0.001). Adjusting for admission criteria and age, it 
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was observed that both MUAC ≥ 125 mm and WHZ ≥ -2 predicted higher daily weight gain with a 

ratio of 1.06 mm (95% Cl: 1.00, 1.11; p = 0.032) and 1.27 SD (95% Cl: 1.20, 1.35; p < 0.001), 

respectively. Mortality was however observed to be low in the study of Burrell and co-authors due 

to the inability to access admission mortality data. Burrell et al. (2017:231) concluded that the 

MUAC measure is a better indicator for monitoring treatment progress and nutritional recovery of 

children being treated for SAM. The generalisation of this finding may not be applicable to 

outpatient treatment programmes since data was from a treatment programme, which delivers 

care within 48 hours of admission into inpatient treatment (Burrell et al., 2017:231). 

As illustrated in Table 2-2, Gebremichael et al. (2014:4), in their study in Northern Ethiopia on 

children aged 6 - 59 months with complicated SAM, reported a mortality rate of 12.8% and a mean 

LOS in inpatient care of 17 days. A similar low mortality rate of 9.3% was reported by 

Gebremichael (2015), in Ethiopia, who used the same admission anthropometric diagnostic 

criteria used by Gebremichael et al. (2014). These mortality rates reported by Gebremichael and 

co-authors were lower than that reported in the study of Chiabi et al. (2016:262-266) who followed 

the current WHO anthropometric diagnostic criteria for SAM. Thus, it can be reasoned that, using 

both MUAC and WHZ criteria may not identify the same group of children for treatment and 

therefore should be used independently to guide admission for treatment of children with SAM 

(Grellety & Golden, 2016). 

Furthermore, a study conducted in an outpatient therapeutic feeding unit in South Sudan, by 

Grellety et al. (2015:2575-2576), to compare the characteristic and treatment outcomes of 

children aged 6 - 59 months admitted with a WHZ < -3 or MUAC 115 mm revealed that children 

identified with MUAC < 115 mm were more likely to be female and younger age. Children 

identified by MUAC < 115 mm are those who are more severely malnourished, who are less likely 

to recover and who have a higher risk of defaulting treatment and a higher risk of death. Children 

identified by MUAC < 115 mm are reported to respond well to treatment in terms of weight and 

MUAC gain. However, Grellety and colleagues reported that MUAC < 115 mm failed to identify a 

third of the children who died. Therefore, it was advocated that admission criteria for therapeutic 

feeding should be adapted according to the context of the feeding programme and it should also 

consider both operational and public health significance (Grellety et al., 2015:2575). 

Conversely, the dissimilarities in findings could be ascribed to the presence of other medical 

problems not necessarily related to the anthropometric diagnostic criteria used at admission, as 

28% of the deaths reported in the study of Gebremichael et al. (2014:7) occurred in the first 48 

hours after admission. This early death could be due to the very wasted and critical condition of 

children with SAM on admission leading to failure of any treatment. This therefore calls for prompt 

and appropriate management especially in co-infections, which should be given priority to reduce 
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the high rates of mortality in hospitalised children with complicated SAM (Gebremichael et al., 

2014:4-8).  

2.7 Inpatient management of complicated SAM 

The WHO, in its previous guidelines (1999 and 2003) and current guideline updates (2013), 

emphasised the need to assess for clinical signs and complications in addition to using MUAC < 

115 mm alone or WHZ < -3 SD alone for identifying children with SAM for inpatient care. This is 

because children with SAM are at increased risk of several life-threatening problems, such as 

hypoglycaemia, hypothermia and serious infection. Due to this susceptibility, they need careful 

assessment, special treatment and management that is well organised and given by a well-trained 

health team (WHO, 2000:80). There is also the need for special guidelines for SAM management 

due to the profound physiological and metabolic changes that take place in affected children. The 

physiological and metabolic changes that take place affect every cell, organ and system, and as 

a result, children with SAM do not respond to medical treatment in the same way as their well-

nourished peers, leading to an increased risk of death with or without complication (Ashworth, 

2003:9). This therefore led to the release of several SAM management protocols to be used both 

in the community and in facilities or hospitals (Ashworth, 2003:10-26; WHO, WFP, UNSCN & 

UNICEF, 2007:3-6). 

2.7.1 Guidelines for the inpatient management of children with complicated SAM 

Due to the high rates of mortality associated with children below five years with SAM, especially 

those with complications, the WHO in 1999 released a guideline for the successful management 

of SAM with complication(s) known as “Management of severe acute malnutrition: a manual for 

physicians and other health workers.” Until the recent WHO guideline updates in 2013, the WHO 

1999 document was last revised in 2003 and was entitled “Guidelines for the inpatient treatment 

of severely malnourished children” (WHO, 1999:1-20; 2013b:23-72). The 2003 guideline was 

developed for health facilities and hospitals, especially those in low- and middle-income countries 

with limited resources. The guideline has been detailed and intended for all health workers, such 

as doctors, nurses, dietitians, and for their trainers and supervisors. According to the WHO, 

hospitals or health facilities that follow the guidelines and its contents have reported a 

considerable reduction in mortality, inasmuch as those of 30 to 50% have been reduced to 5 to 

15% (Ashworth, 2003:5). The 2003 revised guidelines have been summarised and used in 

practice as the “ten steps” routine treatment tool. These “ten steps” can be further accomplished 

in two phases, namely an initial stabilisation phase, where acute medical complications are 

managed, and a longer rehabilitation phase (Ashworth et al., 2003:10). Figure 2-1 shows the 

diagrammatic representation of the WHO “ten steps” guideline for the routine management of  
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Table 2-2: Studies reporting on the admission and discharge criteria, and treatment outcomes of children with SAM 

Reference Country Age 
group 

(months) 

Sample 
size 

Study design Programme 
name 

Admission criteria  Discharge 
criteria 

Outcomes 

Burrell et al., 
2017 

Gambia  6 - 59 463 Observational,  

Retrospective 
secondary data 
analysis 

Inpatient, 
nutritional 
rehabilitation  

unit 

WHZ < -3 and/or 
MUAC < 115 mm 

MUAC ≥ 125 mm 
and/or  

WHZ ≥ -2 SD 

Death: 1.1% 

Absolute weight gain:  

1.04 ± 0.60 kg,  

Absolute MUAC gain:  

110 mm (IQR: 6, 16)  

Absolute WHZ gain:  

1.68 ± 0.9 SD 

Recovered by WHZ: 45.6% 

Recovered by MUAC: 

36.1% 

Mean % MUAC gained: 
10.2 ± 7.4 SD 

Mean % weight gain: 16.8 ± 
9.7 SD 

Referred to hospital: 3.2% 

Mean LOS for recovered: 
18 days 

Mean weight gain:  

8.9 ± 4.7 g/kg/day 

Chiabi et al., 
2016 

Cameroon   6 - 59 106 Retrospective, 
cross-sectional 

Inpatient, 
malnutrition 

unit 

MUAC < 115 mm or 
WHZ < -3 SD 

and/or presence of 
oedema 

MUAC ≥ 115 mm  

WHZ ≥ -3 SD 

Death: 21% 

Discharged alive: 79% 
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Reference Country Age 
group 

(months) 

Sample 
size 

Study design Programme 
name 

Admission criteria  Discharge 
criteria 

Outcomes 

Rytter et al., 
2016 

Uganda  6 - 59  120 Prospective 
observational  

Inpatient, 
nutritional  

unit 

MUAC < 115 mm, 
WHZ < - 3 SD, 

Presence of oedema  

Not reported Death: 14.0% 

Absconded: 13.0% 

Gebremichael 
et al., 2014 

Ethiopia  6 - 59 469 Retrospective 
cohort 

Inpatient, 
therapeutic 
feeding  

centres 

WFH < 70% or < 3 SD, 

WFL < 70% or -3 SD, 

MUAC < 110 mm with 
length > 65 cm  

Achieved > 80% 
of the reference 
median WFH 

Death: 12.8% 

Mean LOS: 17 days 

Mean weight gain:  

12.1 g/kg/day 

%: percentage; MUAC: mid-upper arm circumference; WHZ: weight-for-height z-score; WFL: weight-for-length z-score; mm: millimetres; cm: centimetres; IQR: interquartile range; LOS: length of stay; g: 

grams; kg: kilograms; SD: standard deviation. 
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children with SAM in inpatient care. It is worth mentioning that, the WHO’s “ten steps” have been 

adapted and included in the guidelines for the inpatient management of SAM in Ghana (GHS, 

2010:31). 

The stabilisation phase aims to treat and prevent the most common life-threatening complications, 

such as hypoglycaemia, hypothermia, serious infection, electrolyte imbalances, heart failure, and 

untreated infections, which kills SAM children within the first week of admission into inpatient care 

(WHO, 2000:80). Also, the initial stabilisation phase focuses on rehydrating with low-sodium fluids 

with close monitoring for signs of fluid overload, correcting electrolyte and micronutrient 

imbalances, and frequent feeding day and night to meet the physiologic needs and homeostatic 

capacity of the affected child (Ashworth et al., 2003:13-17). Once the child with SAM has been 

stabilised in inpatient care, the child is discharged and referred to an outpatient care unit or an 

outpatient therapeutic feeding programme for full recovery. At this stage, the child is said to have 

transitioned to the rehabilitation phase. The rehabilitation phase comprises of providing vigorous 

energy-rich feeding to achieve catch-up growth of > 10 g/kg/day, providing tender loving care, 

stimulation through play and preparation for discharge by ensuring that the family have the ability 

to provide adequate nutrition through education, social support and frequent follow-up (Ashworth 

et al., 2003:18-20). 

 Phases 

Stabilisation phase                                            Rehabilitation phase 

Steps Days 1- 2            Days 3 - 7                                           Weeks 2 - 6 

1. Hypoglycaemia  

2. Hypothermia  

3. Dehydration  

4. Electrolytes  

5. Infection   

6. Micronutrients                          no iron                                            with iron 

7. Cautious feeding  

8. Catch-up growth  

9. Sensory stimulation   

10. Prepare for follow-up  

Source: (Ashworth 2003:10). 

Figure 2-1: The WHO’s “ten steps” for the inpatient management of SAM  



  CHAPTER 2: LITERATURE REVIEW 

25 

2.8 Risk factors for death in children with SAM 

Severe acute malnutrition is one of the life-threatening problems in children and is also associated 

with increased mortality (Black et al., 2013:427-445). It is well acknowledged that the treatment 

of children with SAM requiring inpatient care with nutritional therapy has not received the required 

attention (WHO, 2013b:1-115). According to WHO guidelines, mortality in children with SAM who 

receive inpatient care should be < 5% (Ashworth, 2003:5), whereas global Sphere standards aims 

for < 10% (SP, 2011:168). Hence the development of diagnostic criteria for predicting the risk of 

death in children with SAM, which is based on age, height or length, MUAC measure and/or the 

presence of oedema (Rytter et al., 2016:494-495). Unfortunately, many facilities or hospitals 

treating SAM have reported mortality rates of 20% to 25%, which is higher than what has been 

predicted with the use of recommended diagnostic methods (Kerac et al., 2014a). 

Table 2-3 provides a summary of studies that reported the potential risk factors for mortality 

among severely malnourished children admitted into nutritional treatment programmes in sub-

Saharan Africa. With the exception of Girum and co-authors, all other references in Table 2-3 

reported a mortality rate outside the minimum acceptable international standards. As illustrated 

in Table 2-3, factors contributing to these high mortality rates in children hospitalised with SAM 

include diarrhoea, HIV infection, dehydration, tuberculosis, gastroenteritis, hypoglycaemia, 

severe anaemia, hypothermia, shock, pneumonia, vomiting and fever (Bachou et al., 2006; 

Maitland et al., 2006:2435; Irena et al., 2011:112; Girum et al., 2017:104; Wagnew et al., 

2018:68). Among these factors, diarrhoea, HIV infection, shock and weak pulse have been 

consistently reported to have a significant increased risk of death in children with SAM (Irena et 

al., 2011:113-115; Girum et al., 2017:102-108; Wagnew et al., 2018:64-70). Other suggested 

reasons for the high rates of death in children with SAM include electrolyte imbalance, 

micronutrient deficiencies (Osei, 2016:20-21), presence of oedematous malnutrition (Girum et al., 

2017:107), understaffing, poor case management, late presentation of SAM cases for treatment 

(Collins et al., 2006:1994), and not adhering to medical and nutritional therapy for SAM (Wagnew 

et al., 2018:65). 

As shown in Table 2-3, all mean LOS in the hospital and the overall mean daily weight gain were 

within the acceptable minimum standards set by Sphere for the management of SAM, which is a 

typical LOS of 30 to 40 days and a weight gain of > 8 g/kg/day (SP, 2004:149-150). The high daily 

weight gain observed among these studies may have been due to the lower prevalence of 

oedematous malnutrition, especially +3 grade oedema for which weight loss is expected rather 

than weight gain if the oedema has resolved (Girum et al., 2017:107). As illustrated in Table 2-3, 

with the exception of Bachou et al. (2006) and Wagnew et al. (2018:64-73), all mean recovery 
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rates and defaulter rates were within international standards set for the management of SAM, 

which is a recovery rate of > 75% and a defaulter rate of > 15% (SP, 2011:169). 

2.9 Conclusions 

What the preceding literature review sought to achieve was to highlight the heath impact of SAM. 

Thus, this literature review showed that SAM is still a major public health problem and contributes 

to the majority of global morbidity and mortality seen in children below five years. It is a well-

known fact that SAM cases are concentrated in South Asia and sub-Saharan Africa. It is also 

acknowledged that most of the paediatric hospital admissions and treatment are due to SAM. 

Again, studies have shown that children with SAM are nine times more likely to die compared to 

their healthy counterparts. 

Sadly, despite the availability of well-structured guidelines for identifying and treating children with 

SAM, mortality rates remain very high globally and nationally. Suggested likely causes have been 

highlighted in this literature review. Based on the preceding literature, it can be reasoned that 

there are gaps in the management of SAM especially SAM requiring inpatient care. Hence, there 

is the need for more research aimed to evaluate identification, admission, management and 

discharge of SAM cases. There is also need for more studies aimed to provide adequate and 

current information for planning, implementation, monitoring and evaluation of national and 

international polices and guidelines set for the management of SAM particularly complicated SAM 

requiring inpatient care. 
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Table 2-3: Studies reporting on the admission criteria, medical conditions and treatment outcomes of children with SAM 

Reference Country Age 
group 

Sample 
size 

Study 
design 

Programme 
name 

Admission 
criteria 

Medical conditions/ 

risk factors 

Outcomes of treatment 

Wagnew et al., 
2018 

Ethiopia  0 - 59  527 Retrospective 
cohort 

Therapeutic 
feeding unit 

MUAC < 115 
mm 

MUAC ≥ 115 
mm 

WHZ < -3 SD 

WHZ ≥ -3 SD 

Presence of 
oedema 

HIV infection (3.4%) 

Tuberculosis (9.7%) 

Pneumonia (14.0%) 

Diarrhoea (38.7%) 

Malaria (2.7%) 

Risk of death from shock = 

7.9 (95% CI: 3.7 - 16.7) 

Death: 12.5% 

Recovered: 67.7% 

Defaulter rate: 17.8% 

Mean LOS for recovered:  

12 days 

Mean weight gain:  

29.1 g/kg/day 

Mean weight gain for non-
oedematous: 40 g/kg/day 

Mean weight gain for 
oedematous: 4.0 g/kg/day 

Girum et al., 
2017 

Ethiopia  0 - 59 545 Retrospective 
cohort 

Inpatient, 
stabilisation 
centres 

MUAC < 115 
mm 

MUAC ≥ 115 
mm 

WHZ < 70 

WHZ ≥ 70% 

Diarrhoea (57.6%) 

Vomiting (34.1%) 

Dehydration (14.7%) 

Hypoglycaemia (8.8%) 

Malaria (6.8%) 

Risk of death from shock =  

3.8 (95% CI: 1.8 - 7.9) 

Death: 9.3% 

Recovered: 59.7% 

Transferred out: 16.3%  

Defaulter rate: 4.8% 

Mean LOS for recovered:  

14 days 

Mean weight gain:  

8.7 g/kg/day 

Mean weight gain for non-
oedematous: 11.2 g/kg/day 

Mean weight gain for 
oedematous: 7.5 g/kg/day 
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Reference Country Age 
group 

Sample 
size 

Study 
design 

Programme 
name 

Admission 
criteria 

Medical conditions/ 

risk factors 

Outcomes of treatment 

Irena et al., 
2011 

Zambia 6 - 59 430 Cohort Inpatient, 
stabilisation 
centre 

WHZ < -3 SD 
(NCHS/ WHO) 

and/or presence 
of oedema 

Diarrhoea (67.1%) 

Risk of death from diarrhoea 
= 2.5 (95% CI: 1.50, 4.09; p 
< 0.001) 

Fever (48.0%) 

Risk of death from HIV 
infection = 1.6 (95% CI: 
0.99, 2.48; p = 0.5) 

Death: 40.5% 

Discharged as stabilised: 
40.5% 

Absconded: 4.4% 

Median LOS of cohort: 9 days 
(IQR: 5, 14) 

Median LOS for stabilised 
children: 10 days (IQR: 7, 15) 

Median LOS till death: 5 days 
(IQR: 2, 10) 

30.6% died within 48 hours of 
admission 

65.3% died within one week 
of admission 

Maitland et al., 
2006 

Kenya 6 - 59 920 Cohort Inpatient, 
paediatric 
ward 

Visible severe 
wasting 

Visible severe 
wasting plus 
WHZ < -3 SD, 

MUAC < 115 
mm or presence 
of oedema 

Gastroenteritis (16%) 

Malaria (8.0%) 

Hypoglycaemia (18.0%) 

Bacteraemia (12.0%) 

Risk of death from weak 
pulse = 4.1 (95% CI: 2.1 - 
8.0; p = 0.0001) 

Death: 19.0% 

Death for non-oedematous 
alone: 17.5% 

33% died within 48 hours of 
admission 

41.0% died within 72 hours of 
admission 
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Reference Country Age 
group 

Sample 
size 

Study 
design 

Programme 
name 

Admission 
criteria 

Medical conditions/ 

risk factors 

Outcomes of treatment 

Bochou et al., 
2006a 

Uganda 0 - 60 220 Cohort Nutrition unit WHZ < -3 SD 
(NCHS/WHO) 

and/or presence 
of oedema 

Hypothermia/ 
hypoglycaemia (2) 

Severe anaemia (2) 

Septicaemia (10) 

Risk of death from HIV 
positive =  

1.8 (95% CI 0.93 - 3.5) 

Death: 24.0% 

DAMA: 49.0% 

Absconded: 27.0% 

Median LOS till death: 4 days 
(IQR: 2, 9) 

29% died 48 hours of 
admission  

73% died within one week of 
admission 

%: percentage; MUAC: mid-upper arm circumference; WHZ: weight-for-height z-score; mm: millimetres; cm: centimetres; IQR: interquartile range; LOS: length of stay; g: grams; kg: kilograms; SD: standard 

deviation; 95% Cl: 95% confidence limit; NCHS: National Centre for Health Statistics; WHO: World Health Organization; HIV: Human Immunodeficiency Virus; DAMA: discharge against medical advice. 
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CHAPTER 3 METHODS 

3.1 Study design 

This study is based on a retrospective collection of data from hospital medical records in three 

randomly selected referral hospitals in Ghana. Quantitative methods were used to assess 

variations in participants’ anthropometric indices, clinical signs and symptoms, medical 

complications, appetite status, case severity, length of hospital stay and recovery. 

3.2 Study participants 

3.2.1 Study site 

This study is a nested study within the Severe Acute Malnutrition in African Children (SAMAC) 

larger study. The SAMAC Study is a multi-country and multi-hospital study based on a 

retrospective collection of hospital medical records. Three of the largest referral hospitals in 

Ghana, Komfo Anokye Teaching Hospital (KATH), Princess Marie Louise (PML) Children’s 

Hospital and the Tamale Teaching Hospital (TTH) were included in this study. These three 

hospitals are located in the Ashanti, Greater Accra and Northern regions of Ghana 

respectively.  

The Princess Marie Louise Children’s Hospital is located in the city of Accra, in the Greater 

Accra region of Ghana, and is a 74-bed capacity government hospital that serves as a referral 

centre for other health facilities across the country. It is the second largest referral hospital in 

Accra that provides paediatric services as well as primary and secondary care (Tette et al., 

2016), is one of the few specialist children’s hospitals in Western Africa. It was the first hospital 

in Ghana to describe oedematous (kwashiorkor) and non-oedematous (marasmus) 

malnutrition (Williams, 1993:1500), making it well known for its inpatient and outpatient 

nutrition rehabilitation clinics. The Princess Marie Louise Children’s Hospital works in 

collaboration with United Nations Children’s Fund (UNICEF) to combat the high level of child 

malnutrition in the local community and in Ghana as a whole (PML, 2017).  

The Tamale Teaching Hospital is also one of the largest referral hospitals in Ghana, and is 

located in the city of Tamale, in the Northern region of Ghana. Since 1974, this hospital was 

initially a regional hospital, however, it is now a fully accredited tertiary level healthcare 

provider for the Upper Eastern and Upper Western region of Ghana. The Tamale Teaching 

Hospital is a 452-bed capacity academic hospital serving an estimated population of 2.1 

million. It also provides specialist services in areas such as child health, surgery, trauma, 

internal medicine, anaesthesia, intensive care unit, and gynaecology. The vision of TTH is to 
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be a centre of excellence for quality tertiary healthcare, medical education and research (TEN, 

2018). 

Lastly, the Komfo Anokye Teaching Hospital is the second largest hospital in Ghana with a 

bed capacity of 1200. It provides postgraduate teaching to the West Africa College of 

Surgeons. Komfo Anokye Teaching Hospital is well connected by road networks, and 

therefore receives referrals from part of the Volta, Brong-Ahafo, Central, Western, Eastern, 

upper East, Upper West and the Northern regions of Ghana. This hospital, just as PML and 

TTH, provides specialist services in areas such as child health, obstetrics and gynaecology, 

dental, oncology, surgery and medicine (KATH, 2017). 

3.2.2 Study sample 

In this study, infants, aged 6 - 23 months, admitted and treated for SAM between January 

2013 and June 2018 were included. Data collection for this study was in two phases. In the 

first phase, data was collected from the medical records of infants (6 - 23 months) of both 

genders admitted and treated for SAM at PML and KATH between January 2013 and June 

2017, regardless of the diagnostic criteria used for admission. In the second phase, just like 

in phase one, data was collected from the medical records of infants (6 - 23 months) of both 

genders admitted and treated for SAM at TTH between January 2013 and June 2018, 

regardless of the diagnostic criteria used. Data on infants admitted for other medical conditions 

but diagnosed with SAM during hospital stay were also included. The medical records were 

first screened using a well-structured screening tool in order to be included in the study 

(Annexure A). 

3.2.2.1 Inclusion and exclusion criteria 

The medical records of infants aged 6 - 23 months diagnosed, admitted and treated for SAM 

regardless of the diagnostic criteria were included in this study, as were those diagnosed with 

conditions related to SAM such as oedema, RTIs, anaemia, gastroenteritis and malaria. In 

addition, infants aged 6 - 23 months who had complete medical information and their medical 

record dated from 2013 to the time of data extraction were included. 

Conversely, infants aged 6 - 23 months who were diagnosed with additional metabolic and 

neurodevelopmental conditions such as type 2 diabetes, autism, cerebral palsy or any growth 

disorders, were excluded. Infants born prematurely or with a low birth weight of < 2.5 kg were 

also excluded. The reasons for these exclusion criteria were due the specialised nutritional 

needs associated with these conditions. Severe acute malnutrition infants who were re-

admitted due to relapse after being diagnosed, admitted, treated and subsequently discharged 
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were also excluded, as well as infants with incomplete medical information and clinical 

outcomes. Re-admission cases were excluded because they were more likely to be atypical 

cases with multifaceted problems underlying SAM. 

3.3 Sample size calculation 

Four hundred (400) medical records were sufficient to detect consistent differences when 

comparing continuous outcomes, such as improvement in weight at discharge or length of 

stay in the hospital among groups of equal sizes (~100 hospital records). Specifically, given a 

type-I error of 5% (α = 0.05) and two groups of equal size medium, mean differences (effect 

size index [dz= Δmean/Spooled] greater to 0.4) can be detected with a power > 80% (β < 0.2), 

as shown in Figure 3-1 (Cohen, 1988:514-530). When considering dichotomous outcomes, 

such as mortality, the number of observed outcomes was considered for a power calculation 

performed in a logistic regression setting. This number was sufficient to detect an 80% 

increased risk of the outcome using a logistic regression model adjusted for up to five 

covariates in a 1:4 matched case control study (type-II error rate < 10%, type-I error = 5%), as 

shown in Figure 3-2. Thus, after screening, 606 records were eligible for inclusion. Of this 

number, 207 were excluded from the final analysis due to age being below 6 months and 

above 23 months, and multiple admissions. Overall, 399 medical records were included in the 

final analysis. All results were evaluated for post hoc statistical power before dissemination. 

Power analysis was performed using the power procedure of the SAS software version 9.4. 

  



  CHAPTER 3: METHODS 

33 

 

Figure 3-1: Power t-test for sample size per group 

 

Figure 3-2: Logistic regression five covariates for total sample size 
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3.4 Recruitment and inform consent 

This study is based on the indirect recruitment of infants aged 6 - 23 months using already 

existing hospital medical records. Therefore, no human participants were used in this study 

and no consent was obtained from the parents or caregivers of infants whose medical records 

were included. However, all effort was made to ensure anonymity of extracted data by 

assigning unique participant numbers and not writing the names, addresses and telephone 

numbers in the medical records. Again, permission was obtained from the included hospitals’ 

administration before the commencement of data collection. 

3.5 Research procedures and data collection 

Firstly, the medical records of infants admitted and treated for SAM were retrieved from the 

malnutrition ward register in reverse chronological order. The research team then traced the 

folder numbers of all SAM cases from the malnutrition ward register and used these to trace 

all the SAM cases folders from the hospitals’ main record system with the help of the hospital 

record staff. To avoid duplicate capturing of the medical record numbers, all traced SAM cases 

folder numbers were entered into a register. The folder numbers were then used to trace all 

the SAM cases folders for screening using a well-structured screening tool (Annexure A) to 

include or exclude a folder for data extraction. Data was extracted from all eligible SAM cases 

folders using a well-structured data extraction form (Annexure B). The data extraction form 

was adapted from three WHO documents on the admission criteria and treatment guidelines 

for the management of SAM; this was to ensure that the content of the extraction form was 

valid (WHO, 2010a:1-16). 

Data collected in this study included treatment and referral hospitals, gender, age, date and 

time of admission, and anthropometric profile such as weight, length, MUAC and WLZ, at 

admission and transfer. Also collected were the date of SAM diagnosis, oedema grade, vital 

signs, such as temperature and blood glucose level, and status at admission, clinical signs, 

co-morbid infections, such as HIV and tuberculosis status, and medical complications present. 

Data collected on clinical outcomes included weight, MUAC, WLZ, oedema status, infection 

resolved, and HIV, tuberculosis and appetite status at discharge or transfer. The clinical 

outcomes were grouped into died, discharged (which also included those referred to outpatient 

care), referred for further treatment (RFFT) in another hospital, discharged against medical 

advice (DAMA) and absconded (refusal of medical and nutritional treatment and leaving the 

hospital before official discharge). Additional information collected on transfer and discharge 

procedures included referral to outpatient care and if the mother or caregiver was given 

nutritional education. The aforementioned information were collected as was defined by the 
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clinician or health care professional. In order to ensure accuracy and completeness of 

extracted data, the supervisors did a daily crosscheck of all extracted data against the medical 

records used for the data extraction.  

3.6 Data capturing, quality assurance and analysis 

Data were captured on Microsoft Access Software and the captured data underwent a random 

10% check to ensure the extracted data were clean. For the data processing and statistical 

analysis, Statistical Analysis System (SAS) software package version 9.4 was used. The 

histogram was used to test for outliers. Description of the characteristics of the subjects was 

done using the median and interquartile range for continuous variables, and frequency and 

percentages for categorical variables. The WHO’s igrowup_standard SAS macro, derived 

from the Anthro software version 3.2.2. (available at 

http://www.who.int/childgrowth/software/en/), was used to convert anthropometric data to age 

and gender specific z-scores.  

The generalised linear model analysis adjusted for potential confounders was used for 

comparisons among groups. The multivariable adjusted logistic regression was used to 

estimate odds of death. This was done by applying sequential modelling to take into account 

potential confounders. Firstly, a model adjusted for age and gender was considered. 

Afterwards, more complex models adjusted for supplementary potential confounders such as 

conditions at admission e.g. oedema and treatment hospital, were introduced. The level of 

significance was set at a p-value of < 0.05 (type 1 error rate α = 0.05). 

3.7 Ethical and legal authorisation 

3.7.1 Legal authorisation 

Ethical approval was obtained from the Health Research Ethics Committee of the Faculty of 

Health Sciences of NWU, Potchefstroom (NWU-00063-17-S1) (Annexure C), Ghana Health 

Service (Annexure D) and the Ethics Review Committee of KATH (Annexure E). Approval was 

also received from the management of all participating hospitals (Annexures F and G).  

3.7.2 Expertise and skills 

The fieldworkers recruited for this study were dietetic interns and nurses, with at least one 

year of internship training. All those involved in the data extraction received training using a 

well-structured standard operating procedure to ensure standardised data extraction and 

completion of the data extraction form. Two days was spent training all the data extractors on 

the background of the study, ethical issues and how to extract information from the medical 
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records onto the data extraction form. In addition, hands-on instruction was given as well as 

daily training and updates on data collection throughout the data collection period.  

3.7.3 Privacy and confidentiality 

To ensure the privacy of the content of the medical records, private rooms or dedicated areas 

closed off from everyone, including the hospital staff not part of the data extraction, were used. 

All the data extractors signed a confidentiality-undertaking form before the commencement of 

the data extraction. A unique participant number was assigned to all the included medical 

records after screening. All effort was made to ensure that the pages of the data extraction 

had the unique participant numbers. The research team members did not discuss the 

information captured outside the research team. The names of the parents, infants, telephone 

numbers and physical addresses were not captured. Only the assigned unique participant 

numbers were used to identify and to differentiate the data extraction forms. 

All completed data extraction forms were filed and kept safe by locking them in a cupboard at 

the hospital. At the North-West University, all completed data extraction forms were placed in 

files and kept on shelves in the principal investigator’s office and all electronic data were 

password protected. After the completion of the entire study, data extraction forms will be 

stored for seven years and then discarded by shredding. Data shared on Dropbox is only 

accessible to the study team members and students and reporting of findings will remain 

anonymous. 

3.7.4 Benefits 

The parents, caregivers or infants whose medical records were included in this study will not 

receive any direct benefits, nevertheless this study will have an indirect benefit on the 

admission and transfer characteristics of infants aged 6 - 23 months treated for SAM. The 

results of this study may serve as the basis for planning intervention studies for severely 

malnourished infants. Furthermore, the results could benefit the Ghanaian population since it 

may highlight current management, admission and transfer criteria which could guide health-

care policies and guidelines. 

3.7.5 Risk and precautions 

There was minimal risk associated with this nested study as data was collected from the 

medical records of infants aged 6 - 23 months. If there was any risk at all, it was the disclosure 

of participants’ information to a third party. However, the research team ensured they adhered 

to the anonymity, privacy and confidentiality of participants’ information. 
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3.7.6 Announcement 

We aim to publish an article in the International Journal of Child Health and Nutrition. 

3.7.7 Storage and archiving of data 

Data was kept safe and secure by locking hard copies in lockable cupboards at the hospital 

until all data were collected. These documents will be kept secure in files and stored on 

shelves in the principal investigator’s office for seven years. Electronic data are kept password 

protected, and data shared on Dropbox will only be accessible to the study team members 

and student researchers and reporting of study findings will remain anonymous. 
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CHAPTER 4 RESULTS 

4.1 Demographic characteristics of infants aged 6 - 23 months 

In this study, the medical records of 399 infants aged 6 - 23 months diagnosed with SAM, 

admitted, treated and subsequently discharged, thus meeting the inclusion criteria, were 

included in the final analysis. Of the 399 records analysed and as shown in Table 4.2, 48.1% 

(n = 192) were from TTH, 27.1% (n = 108) from PML and 24.8% (n = 99) from KATH. The 

median age range was 12 months (IQR: 9, 17). When looking at age distribution, 52.1% (n = 

208) were 6 - 11 months, while 47.9% (n = 191) were 12 - 23 months. Gender distribution was 

equal (p > 0.05), with 50.9% (n = 203) males and 49.1% (n = 196) females. 

4.2 Anthropometric characteristics of infants aged 6 - 23 months at admission and 

transfer 

Table 4-1 shows data collected on anthropometric measures at admission and transfer. It was 

observed that the median weight at transfer differed by 0.40 kg from admission weight. The 

median weight at transfer in the 12 - 23 months and the 6 - 11 months age groups also differed 

from admission median weight with 0.43 kg and 0.36 kg, respectively. Further, the median 

MUAC measurements at transfer differed (2 mm increase) from admission MUAC 

measurements, as did the 12 - 23 months age group (5 mm increase). However, difference 

was not observed in the 6 - 11 months age group. Additionally, the median WAZ at transfer 

and admission differed (increased by 0.44 SD), as well as for both the 12 - 23 months age 

group (increased by 0.57 SD) and the 6 - 11 months age group (increased by 0.36 SD).  

Displayed in Table 4-2 are anthropometric data at admission and transfer, based on study 

sites. It can be seen that the median weight at transfer among TTH cases differed (with 0.40 

kg weight increase) from the weight at admission. The median weight at transfer among PML 

and KATH cases also differed from the weight at admission with a 0.33 kg and 0.31 kg weight 

gain respectively. Although non-statistically significant, there was an increase of 4.5 mm and 

2 mm between median transfer and admission MUAC measurements for TTH and PML 

respectively. The WAZ at transfer for TTH, KATH and PML also differed from admission 

median WAZ with a 0.60, 0.43 and 0.41 SD increased respectively.
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Table 4-1: Anthropometric characteristics at admission and transfer in infants aged 6 - 23 months 

 Age groups 

 Total sample 

(n = 399) 

 6 - 11 months 

(n = 208) 

 12 - 23 months 

(n = 191) 

Anthropometric variables n Median (IQR) n Median (IQR) n Median (IQR) 

Age (months) 399 12 (9, 17) 208 9 (8, 11) 191 17 (15, 20) 

At admission 

Weight (kg) 394 5.6 (4.8, 6.5)a 205 5.0 (4.5, 5.8)d 189 6.4 (5.4, 7.0)f 

Height (cm) 120 70 (65, 75) 64 66 (63, 70) 56 75 (70, 79) 

WLZ 95 -4.1 (-5.1, -3.5) 54 -4.2 (-5, -3.3) 41 -4.1 (-5.1, -3.6) 

WAZ 257 -4.4 (-5.3, -3.6)b 147 -4.4 (-5.2, -3.5)e 110 -4.4 (-5.4, -3.6)g 

LAZ 120 -2.1 (-3.7, -0.9) 64 -2.1 (-3.4, -0.8) 56 -2.3 (-3.8, -0.9) 

MUAC (mm) 161 105 (100, 113)c 71 105 (100, 112) 90 106 (100, 113)h 

At transfer 

Weight (kg) 317 6.1 (5.2, 6.9)a 166 5.5 (4.8, 6.1)d 151 6.8 (6.2, 7.4)f 

Height (cm) 29 67 (64, 70) 20 65 (63, 67) 9 74 (73, 79) 

WLZ 24 -3.5 (-4.3, -2.8) 17 -3.6 (-3.9, -2.6) 7 -3.4 (-4.4, -3.0) 

WAZ 198 -3.8 (-4.6, -3.2)b 17 -3.9 (-4.8, -3.1)e 83 -3.8 (-4.5, -3.2)g 

LAZ 28 -2.9 (-3.9, -1.7) 20 -2.5 (-4.1, -1.7) 8 -3.3 (-3.7, -1.4) 

MUAC (mm) 55 112 (105, 115)c 36 111 (103, 114) 19 114 (106, 120)h 

n: total sample; IQR: interquartile range; kg: kilograms; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; LAZ: length-for-age z-score; MUAC: mid-upper arm circumference; cm: 

centimetres; mm: millimetres; non-statistically significant difference was observed between median transfer WLZ and at admission WLZ measurements of the infants. 

a, b, c, d, e & f: transfer anthropometry differed significantly with p-value < 0.05 from that of admission.
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Table 4-2: Anthropometric characteristics at admission and transfer at the three study hospitals 

 Study hospitals 

KATH (n = 99) PML (n = 108) TTH (n = 192) 

Anthropometric Variables n Median (IQR) n Median (IQR) n Median (IQR) 

Admission 

Weight (kg) 98 5.9 (4.8, 6.8)a 108 5.2 (4.7, 6.2)c 188 5.7 (5.0, - 6.5)e 

Height (cm) 96 70 (65, 75) 15 70 (64, 74) 9 66 (61, 69) 

WLZ 95 -4.1 (-5.1, -3.5) 12 -3.7 (-4.7, -3.6) 4 -2.4 (-3.5, -2.1) 

WAZ 81 -3.8 (-4.9, -3.2)b 93 -4.5 (-5.1, -3.7)d 83 -4.5 (-5.4, -3.7)f 

LAZ 96 -2.1 (-3.1, -0.8) 15 -1.8 (-5.3, -0.8) 9 -5.1 (-6.0, -3.8) 

MUAC (mm) 15 105 (101, 111) 59 106 (100, 115) 87 105 (100, 112) 

Transfer 

Weight (kg) 70 6.4 (5.1, 7.3)a 85 5.6 (5.0, 6.4)c 162 6.2 (5.4, 7.0)e 

Height (cm) 2 74 (68, 79) 27 67 (64, 70) 0 0 

WLZ 2 -3.0 (-3.4, -2.6) 22 -3.6 (-4.4, -3.0) 0 0 

WAZ 54 -3.5 (-4.4, -2.9)b 74 -3.8 (-4.8, -3.3)d 70 -4.2 (-4.7, -3.3)f 

LAZ 2 -0.3 (-0.9, -0.2) 26 -3.0 (-4.1, -1.7) 0 0 

MUAC (mm) 1 100 (100, 100) 43 112 (105, 115) 11 113 (108, 123) 

n: total sample; IQR: interquartile range; kg: kilograms; mm: millimetres; cm: centimetres; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; LAZ: length-for-age z-score; MUAC: mid-upper arm 

circumference; KATH: Komfo Anokye Teaching Hospital; PML: Princess Marie Louise children’s hospital; TTH: Tamale Teaching Hospital;  

a, b, c, d, e & f: transfer anthropometry differed significantly with a p-value < 0.05 from that of admission; non-statistically significant difference was observed between median transfer and at admission 

WLZ among the three study hospitals. 
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4.3 The distribution of malnutrition at admission and transfer in infants aged 6 - 23 

months 

Table 4-3 shows the distribution of malnutrition at admission based on anthropometric criteria 

and/or the presence of oedema at admission. It can be seen that the most used anthropometric 

criterion was WAZ (64.4%; n = 257), followed by MUAC and WLZ with prevalence of 40.4% (n = 

161) and 23.8% (n = 95), respectively. Regarding the type of malnutrition, the most frequent type 

was severe underweight (89.1%; n = 229), followed by severe wasting, based on a MUAC < 115 

mm (81.37%; n = 131). Severe wasting assessed, based on both a MUAC < 115 mm and a WLZ 

< -3 SD, was present in 4% (n = 16) of the infants. No infant presented with both oedema and 

severe wasting based on WLZ < -3 SD. Overall, 23.8% (n = 95) of the infants had both severe 

wasting (MUAC < 115 mm) and severe underweight, while 17.3% (n = 69) of the infants had both 

severe wasting (WLZ < -3 SD) and severe underweight. Additionally, stunting which underlies 

severe wasting was also evident. Illustrated in Table 4-4 are the anthropometric measures and/or 

oedema at both transfer and discharge. It could be seen that the most used transfer or discharge 

criterion was WAZ, followed by MUAC. It was observed that 2.7% (n = 9) of the infants had 

oedema at transfer or discharge. 
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Table 4-3: Frequency of malnutrition at admission in infants aged 6 - 23 months 

  Age groups 

Total sample 

(n = 399) 

6 - 11 months 

(n = 208) 

12 - 23 months 

(n = 191) 

Malnutrition indicators n (%) n (%) n (%) 

WLZ (missing values = 304) 

< -3 SD 79 (83.2) 44 (46.3) 35 (36.8) 

≥ -3 SD 16 (16.8) 10 (10.5) 6 (6.3) 

WAZ (missing values = 142) 

< -3 SD 229 (89.1) 130 (50.6) 99 (38.5) 

≥ -3 SD 28 (10.9) 17 (6.6) 11 (4.3) 

LAZ (missing values = 120) 

< -3 SD 37 (30.8) 18 (15.0) 19 (15.8) 

≥ -3 SD 83 (69.2) 46 (38.3) 37 (30.8) 

MUAC (missing values = 238) 

< 115 mm 131 (81.4) 58 (36.0) 73 (45.3) 

≥ 115 mm 30 (18.6) 13 (8.1) 17 (10.6) 

Oedema status 

Oedema at admission 69 (34.8) 20 (5.0) 49 (12.3) 

No oedema 260 (65.2) 149 (37.3) 111 (27.8) 

MUAC < 115 mm and 
oedema 

26 (6.5) 6 (1.5) 20 (5.0) 

n: total sample; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; LAZ: length-for-age z-score; MUAC: mid-upper arm 

circumference; %: percentage; mm: millimetres; SD: standard deviation. 
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Table 4-4: Frequency of malnutrition at transfer in infants aged 6 - 23 months 

  Age groups 

Total sample 

(n = 336) 

6 - 11 months 

(n = 182) 

12 - 23 months 

(n = 154) 

Nutritional status at 
transfer 

n (%) n (%) n (%) 

WLZ (missing values = 312) 

< -3 SD 17 (70.8)a 12 (50.0) 5 (20.8) 

≥ -3 SD 7 (29.2)a 5 (20.8) 2 (8.3) 

WAZ (missing values = 138) 

< -3 SD 161 (81.3)b 94 (47.5) 67 (33.8) 

≥ -3 SD 37 (18.7)b 21 (10.6) 16 (8.1) 

LAZ (missing values = 308) 

< -3 SD 13 (46.4)c 8 (28.6) 5 (17.9) 

≥ -3 SD 15 (53.6)c 12 (42.9) 3 (10.7) 

MUAC (missing values = 282) 

< 115 mm 37 (68.5)d 27 (50.0) 10 (18.5) 

≥ 115 mm 17 (31.5)d 8 (14.8) 9 (16.7) 

Oedema status 

Oedema at transfer 9 (2.7)e 3 (0.9) 6 (1.8) 

MUAC < 115 mm and 
oedema 

0 (0.0) 0 (0.0) 0 (0.0) 

n: total sample (include all infants with the exception of those who died); WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; 

LAZ: length-for-age z-score; MUAC: mid-upper arm circumference; %: percentage; mm: millimetres; SD: standard deviation.  

a: All infants with WLZ < -3 SD and 25% (n = 6) infants with WLZ ≥ -3 SD were referred to outpatient care. 

b: 70.1% (n = 140) infants with WAZ < -3 SD and 17.7% (n = 35) infants with WAZ ≥ -3 SD were referred to outpatient care. 

c: All infants with LAZ < -3 SD and 50% (n = 14) infants with LAZ ≥ -3 SD were referred to outpatient care. 

d: No infant with a MUAC measurement was reported to have been referred to outpatient care. 

e: 2.4% (n =8) were referred to outpatient care. 

4.4 Associated clinical signs and medical complications present in infants aged 6 - 23 

months 

Illustrated in Figure 4-1 are the most common clinical signs, complaints and complications 

observed at admission in infants aged 6 - 23 months. Other less common clinical signs observed 

at admission were fever (10%; n = 41), convulsions (6%; n = 20), cold hands and feet (5%; n = 

18), fast pulse (3.3%; n = 13), shock (3%; n = 12), capillary refill time (> 3 seconds) (3%; n = 11), 

hypoglycaemia (random blood glucose < 3 mmol/l) (2%; n = 7), hypovolemic shock (1%; n = 4), 

septic shock (1%; n = 4), weak pulse (1%; n = 4) and hypothermia (1%; n = 3). 
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n: total number of variables reported; %: percentage. 

Figure 4-1: Most common clinical signs and complications present at admission in 

infants aged 6 - 23 months 

4.5 Presence of infectious co-morbidities at admission in infants aged 6 - 23 months 

As illustrated in Figure 4-2, diarrhoea was the most common co-morbid infection presented at 

admission in the study sample; the second was gastroenteritis (diagnosed by the clinician), 

followed by respiratory tract infections. Retroviral infection exposure was diagnosed in 1.5% (n = 

6) of the infants while immunosuppression due to retroviral infection was diagnosed in 2.3% (n = 

9). 
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n: total number of variables reported; %: percentage; UTI: urinary tract infection; RTIs: respiratory tract infections; TB: tuberculosis; 

HIV: Human Immunodeficiency Virus. 

Figure 4-2: Infectious co-morbidities present at admission in infants aged 6 - 23 

months 

4.6 Outcomes of SAM treatment in infants aged 6 - 23 months 

Table 4-5 illustrates the status of the treatment outcomes of infants aged 6 - 23 months diagnosed, 

admitted and treated for SAM. Outcomes were categorised into “died,” “discharged” (including 

those referred to outpatient care), “referred for further treatment (RFFT),” “discharged against 

medical advice (DAMA)” and “absconded” (refusal of medical and nutritional treatment and 

leaving the hospital before official discharge). Overall, 15.8% (n = 63) of the infants died, while 

86% (n = 289) were referred to outpatient care for further nutritional rehabilitation with basic 

medical care.  

Of those who died, 3.8% (n = 15) had both a WLZ < -3 SD and a WAZ < -3 SD, while 3.3% (n = 

13) had both a MUAC < 115 mm and a WAZ < -3 SD. With regard to time to death, 11.1% (n = 7) 

of the infants died within the first 24 hours of admission, 3.2% (n = 2) within the first 48 hours, 

11.1% (n = 7) within 72 hours and 65.1% (n = 41) within 92 hours. Most deaths occurred by the 

fifth day (5 days; IQR: 4, 10) of hospitalisation. 
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4.6.1 Rate of weight gain, length of stay in the hospital and recovery rate 

Weight gain and duration of stay in inpatient care in infants aged 6 - 23 months are shown in 

Table 4-6. Overall, a median weight gain of 6.8 g/kg/day (IQR: 0.8, 11.8) was observed. Weight 

gain was similar in both 6 - 11 months and 12 - 23 months age groups with 7.0 g/kg weight/day 

(IQR: 2.5, 12.0) and 6.7 g/kg weight/day (IQR: 0.0, 11.8), respectively. The median days to 

recovery was 11 days (IQR: 7, 16) after admission. This was seen to be similar for both infants 

aged 6 - 11 months and 12 - 23 months, with 11 days (IQR: 7, 17) and 11 days (IQR: 8, 14), 

respectively. The LOS in hospital for recovery was < 30 days in 96.3% (n = 312) of the infants. 

This was observed to be similar in both infants aged 6 - 11 months and 12 - 23 months, with a 

LOS of 7 days (IQR: 2, 11) and 5 days (IQR: 4, 10) respectively. With the exception of oedema, 

daily weight gain and LOS in the hospital was observed to be similar for all malnutrition 

anthropometric diagnostic criteria used at admission. Infants transferred to outpatient care with 

oedema resolved were 76.5% (n = 39) while those transferred to outpatient care with good 

appetite were 71.3% (n = 231). 

Table 4-5: Treatment outcomes of infants aged 6 - 23 months diagnosed with SAM, 

admitted and treated in three Ghanaian referral hospitals 

  Age groups 

Total sample 

(n = 399) 

6 - 11 months 

(n = 208) 

12 - 23 months 

(n = 191) 

Outcome indicators n (%) n (%) n (%) 

Died 63 (15.8) 26 (12.5) 37 (19.4) 

Discharged or referred  324 (81.2)a 172 (82.7) 152 (79.6) 

Absconded 2 (0.5) 2 (1.0) 0 (0.0) 

DAMA 9 (2.3) 8 (3.9) 1 (0.5) 

RFFT 1 (0.3) 0 (0.0) 1 (0.5) 

Oedema resolved (n = 51) 43 (84.3) 11 (21.6) 32 (62.8) 

Referred to outpatient care  281 (86.7) 149 (46.0) 132 (40.7) 

Good appetite (n = 324) 274 (84.6) 146 (45.1) 128 (39.5) 

Infection resolved (n = 324) 180 (55.6) 92 (28.4) 88 (27.2) 

n: total sample; DAMA: discharged against medical advice; RFFT: referred for further treatment; %: percentage;
 

a: Actual discharged rate = 13.4% (n = 43). 
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Table 4-6: Rate of weight gain and length of stay in the hospital based on 

anthropometric measures or oedema at admission 

 Weight gain (g/kg/day) LOS (days) 

 n Median (IQR) Median (IQR) 

Severe wasting 

MUAC < 115 mm and 
WLZ < -3 

14 4.9 (3.2, 7.5) 13.5 (11, 18) 

MUAC < 115 mm 105 6.0 (0.0, 11.7) 12 (8, 16) 

MUAC ≥ 115 mm 27 7.4 (-4.0, 11.7) 9 (6, 13) 

WLZ < -3 SD 62 6.5 (3.3, 10.7) 11 (8, 14) 

WLZ ≥ -3 SD 15 5.4 (-3.7, 10.7) 7 (5, 16) 

Underweight  

WAZ < -3 184 7.5 (2.7, 13.3) 11 (8, 15) 

WAZ ≥ -3 23 0.0 (-6.7, 10.0) 9 (6, 12) 

Stunting 

LAZ < -3 SD 29 7.5 (2.8, 12.1) 13 (8, 18) 

LAZ ≥ -3 SD 66 5.5 (0.4, 10.2) 11 (8, 14) 

Oedema 

Yes 51 3.3 (-4.0, 10.4) 12 (8, 18) 

No 273 7.2 (1.6, 12.5) 10 (7, 15) 

Oedema and MUAC < 115 
mm 

19 5.8 (0.0, 16.4) 13 (8, 17) 

  Age group 

Total sample 

(n = 324) 

6 - 11 months 

(n = 172) 

12 - 23 months 

(n = 152) 

n (%) n (%) n (%) 

Rate of weight gain (missing values = 26) 

< 5 g/kg/day 71 (21.9) 28 (8.6) 43 (13.3) 

> 10 g/kg/day 227 (70.1) 124 (38.3) 103 (31.8) 

LOS in the hospital 

< 7 days 53 (16.4) 28 (8.6) 25 (7.7) 

≥ 7 days 271 (83.6) 144 (44.4) 127 (39.2) 

n: total sample; IQR: interquartile range; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; MUAC: mid-upper arm 

circumference; LFA: length-for-age-z-score; mm: millimetres; %: percentage; g: grams; kg: kilograms; SD: standard deviation. 
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4.7 Anthropometric characteristics of infants aged 6 - 23 months who survived and 

who died 

Table 4-7 shows the characteristics at admission of the study sample based on the comparison 

of participants who survived versus those who died. The only significant difference observed was 

for the median WLZ at admission for the whole group of 6 – 23 months. 

Table 4-7: Anthropometric characteristics at admission of survivors and deaths in 

infants aged 6 - 23 months  

 Survivors  Deaths  

 n Median (IQR) n Median (IQR) p-value 

MUAC, mm 

6 - 23 months 336 106 (100, 113) 63 105 (102, 112) 0.68 

6 - 11 months 182 105 (99, 112) 26 107 (103, 112) 0.43 

12 - 23 months 154 108 (100, 113) 37 105 (102, 112) 0.27 

WLZ  

6 - 23 months 336 -4.0 (-4.8, -3.3) 63 -5.7 (-6.6, -4.1) 0.03* 

6 - 11 months 182 -4.1 (-4.8, -3.2) 26 -5.1 (-6.8, -4.1) 0.13 

12 - 23 months 154 -4.0 (-4.8, -3.5) 37 -6.0 (-6.3, -4.3) 0.14 

WAZ  

6 - 23 months 336 -4.3 (-5.2, -3.5) 63 -4.9 (-5.8, -3.7) 0.06 

6 - 11 months 182 -4.3 (-5.2, -3.5) 26 -4.8 (-5.4 -4.0) 0.30 

12 - 23 months 154 -4.2 (-4.7, -3.4) 37 -5.3 (-5.9, -3.6) 0.10 

LFA 

6 - 23 months 336 -2.0 (-3.3, -0.9) 63 -2.1 (-4.6, -0.8) 0.64 

6 - 11 months 182 -1.9 (-3.3, -0.8) 26 -2.1 (-3.6, -1.5) 0.17 

12 - 23 months 154 -2.3 (-3.7, - 0.9) 37 -2.4 (-4.6, -0.8) 0.75 

n: total sample; IQR: interquartile range; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; MUAC: mid-upper arm 

circumference; LFA: length-for-age-z-score; mm: millimetres; %: percentage. *The level of significance was set at. p < 0.05. 

4.8 The distribution of mortality based on admission anthropometric criteria and/or 

oedema in infants aged 6 - 23 months 

Table 4-8 shows the distribution of mortality based on admission anthropometric criteria and/or 

oedema. A larger proportion, 16.2% (n = 37) of the deaths were seen in infants who had a WAZ 

< -3 SD, followed by infants who had a MUAC < 115 mm 16% (n = 21), and then infants who had 

oedema at admission 26.1% (n =18). Of those who died, 0.5% (n = 2) had both a MUAC < 115 
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mm and a WLZ < -3 SD, while 1.8% (n =7) had MUAC < 115 mm complicated by oedema. Overall, 

3.3% (n = 13) of the infants who died had both a MUAC < 115 mm and a WAZ < -3 SD. 

Table 4-8: The distribution of mortality based on admission anthropometric criteria 

and/or the presence of oedema in infants aged 6 – 23 months 

 Number of deaths 

 Total sample 

(6 - 23 months) 

Age groups 

6 - 11 months 12 - 23 months 

n (%) n (%) n (%) 

All admission 63 (15.8) 26 (6.5) 37 (9.3) 

Malnutrition indicators 

MUAC < 115 mm and WFL < -
3 SD (n =16) 

2 (12.5) 0 (0.0) 2 (12.5) 

MUAC 

< 115 mm (n = 131) 21 (16) 7 (5.3) 14 (10.7) 

≥ 115 mm (n = 30) 3 (10) 1 (3.3) 2 (6.7) 

WLZ 

< -3 SD (n = 79) 16 (20.3) 8 (10.1) 8 (10.1) 

≥ 3 SD (n = 16) 0 (0.0) 0 (0.0) 0 (0.0) 

WAZ 

< -3 SD (n = 229) 37 (16.2) 15 (6.6) 22 (9.6) 

≥ 3 SD (n = 28) 2 (7.1) 1 (3.6) 1 (3.6) 

LAZ 

< -3 SD (n = 37) 8 (21.6) 3 (8.1) 5 (13.5) 

≥ 3 SD (n = 83) 15 (18.1) 7 (8.4) 8 (9.6) 

Presence of oedema (n = 69) 18 (26.1) 7 (10.1) 11 (15.9) 

MUAC < 115 mm and oedema  

(n = 26) 

7 (26.9) 3 (11.5) 4 (15.4) 

n: total sample; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; LAZ: length-for-age z-score; MUAC: mid-upper arm 

circumference; mm: millimetres; SD: standard deviation; %: percentage. 
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4.9 Associations of admission anthropometric criteria and the presence of oedema 

with clinical outcomes in infants aged 6 - 23 months 

Figure 4-3 shows the graphical presentation of the association of anthropometric measures or 

oedema at admission in relation to clinical outcomes adjusted for age, gender, oedema and 

hospital. It can be seen that infants who had a WAZ < -3 SD had 5.05 (95% Cl: 1.80, 14.17; p = 

0.002) higher odds of gaining more than 10 g/kg body weight/day compared to infants whose 

admission were based on a MUAC < 115 mm or WLZ < -3 SD or oedema. However, infants who 

had a MUAC < 115 mm at admission had 4.64 (95% Cl: 1.64, 13.12; p = 0.02) higher odds of 

staying in inpatient care for more than 7 days compared to their peers, whose admission was 

based on WAZ or WLZ < -3 SD, or the presence of oedema.  

 

OR: odds ratio; 95% Cl: 95% confidence limit; mm: millimetres; WLZ: weight-for-length z-score; WAZ: weight-for-age z-score; MUAC: 

mid-upper arm circumference; LFA: length-for-age-z-score; SD: standard deviation; g: grams; kg: kilograms; vs: versus. 

Figure 4-3: Associations of admission anthropometric criteria and the presence of 

oedema with clinical outcomes in infants aged 6 - 23 months  
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4.9.1 Factors associated with mortality in infants aged 6 - 23 months 

Illustrated in Figure 4-4 are the results from a logistic regression analysis evaluating the 

association of admission anthropometric measures and clinical characteristics with mortality risk 

in infants aged 6 - 23 months diagnosed, admitted and treated for SAM. Adjusted for age, gender, 

oedema and hospital, convulsions at admission were observed to increase their risk of death by 

6.76 (95% CI: 2.57, 17.83; p = 0.0001). Infants who had shock at admission had an increased 

risk of death with an OR of 5.18 (95% CI: 1.49, 18.08; p = 0.01), while HIV positive status and 

dermatitis increased the risk of death by 4.04 (95% CI: 1.86, 8.81; p = 0.0004) and 3.46 (95% CI: 

1.77, 6.75; p = 0.0003), respectively. Although non-statistically significant, having a MUAC < 115 

mm at admission was observed to increase mortality risk by 2.33 (95% Cl: 0.61, 8.89; p = 0.2. 

 

OR: odds ratio; 95% Cl: 95% confidence limit; mm: millimetres; HV: Human Immunodeficiency Virus; WLZ: weight-for-length z-score; 

WAZ: weight-for-age z-score; MUAC: mid-upper arm circumference; LFA: length-for-age-z-score; SD: standard deviation. 

Figure 4-4: Anthropometric and clinical factors associated with mortality in infants 

aged 6 - 23 months diagnosed, admitted and treated for SAM 
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CHAPTER 5 DISCUSSION 

5.1 Demographic and anthropometric characteristics of infants aged 6 - 23 months 

The aim of this study was to determine the associations of admission and transfer criteria with 

clinical outcomes, of Ghanaian infants aged 6 - 23 months with SAM. To this aim, a longitudinal 

study was conducted considering the medical records of 399 infants, collected between January 

2013 and June 2018, in three main referral hospitals for SAM treatment. Gender distribution was 

homogenous with an equal number of males (50.9%) and females (49.1%). Sixty percent (n = 

238) and 70% (n = 279) of the infants had no recorded information on MUAC and length at 

admission respectively, while 85% (n = 284) and 92% (n = 308) did not have MUAC and length 

recorded at discharge respectively. It has been documented that children who are sent for care 

in Ghanaian health facilities may miss the opportunity for nutritional assessment because 

anthropometric measurements are not routinely taken. In particular, they miss the opportunity for 

being accurately diagnosed with severe malnutrition for a holistic management (Antwi, 2008:101-

103). To reiterate, although weight measurements are taken and recorded routinely in some 

facilities, it has been reported that lengths are barely taken to allow for plotting WLZ to detect 

wasting and severe wasting. Where the effort was made to take length measurements, it is 

possible that they were not plotted on child growth standard charts for accurate nutritional 

assessment. Thus, it is important that health workers do not neglect the need of taking weight 

and height measurements and interpreting them on growth reference charts, since it is pointless 

to record such measurements but not interpret them on a reference chart with respect to age 

(Antwi, 2008:103). 

In this present study, the observed median anthropometric measures of infants aged 6 - 23 

months were particularly low at admission with a median weight of 5.6 kg (IQR: 4.8, 6.5), WLZ of 

-4.1 SD (IQR: -5.1, -3.5) and a MUAC of 105 mm (IQR: 100, 113). Notably, aged 6 - 23 months 

is the complementary feeding period, which directly follows the recommended period for exclusive 

breastfeeding. At this stage, the child should be introduced to timely, nutritionally adequate, age-

appropriate, and safe complementary foods (MoH & GHS, 2013:9). This period is however 

thought of as a vulnerable period for the development of undernutrition since nutritional need for 

growth and development are greater per kilogram of body weight than at any other time in the life 

cycle (WHO, 2013b:11). If undernutrition, especially wasting, occurred in infants and it is not well 

managed, it may lead to severe wasting, which is life threatening in infants below aged 24 months. 

Thus, it is important that the causes of undernutrition, such as poor feeding practices, low quality 

food, insufficient nutrient intake, and illness resulting from the presence of pathogens in 

contaminated foods and feeding bottles are addressed to help prevent morbidity and mortality in 
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this vulnerable age group (Stewart et al., 2013:29). On top of this, it has been reported that one 

out of every five Ghanaian children are malnourished. This highlights the fact that acute 

malnutrition is still a challenge in Ghana and in low- to middle-income countries as a whole (Antwi, 

2008:102). Thus, early detection can prevent the severity especially in the case of SAM, the 

number of co-morbidities and death. 

5.1.1 Admission and transfer criteria in infants aged 6 - 23 months 

Although the WLZ or MUAC measure is recommended by WHO to be used for SAM diagnosis 

(WHO, 2013b:2), this study revealed that the most used anthropometric admission criterion was 

the WAZ. When present, oedema is used to determine the admission despite other 

measurements, while MUAC and WLZ were not primarily used for SAM diagnosis. It was 

expected that the MUAC criteria will be used more since it is the only anthropometric diagnostic 

tool recommended by GHS for the diagnosis of SAM in children aged 6 - 59 months for 

management (GHS, 2010:4). However, as revealed in this study, MUAC measurements were 

missing from the medical records for most infants and as a result, this study could not determine 

the degree to which the MUAC is used as the main anthropometric criteria for the diagnosis of 

SAM for admission into inpatient care in children aged 6 - 23 months. This might be due to 

unavailability or limited distribution of the MUAC tape measure in facilities treating SAM, or to lack 

of staff training in measuring or reporting the MUAC.  

The most frequent type of malnutrition present at admission in this study was severe underweight 

followed by severe wasting based on MUAC < 115 mm and then oedematous malnutrition. Most 

studies done on under-five years children with SAM usually only report on the characteristic forms 

of SAM with no mention of the presence of other forms of malnutrition, such as underweight (a 

composite form of both stunting and wasting), which may be present. In three studies conducted 

in sub-Saharan Africa, severe wasting was reported as the principal cause of admission among 

SAM cases, followed by oedematous malnutrition or severe wasting complicated by oedema 

(Chane et al., 2014:3; Admasu et al., 2017:5; Wagnew et al., 2018:66). A plausible explanation 

for these findings could be because MUAC and length measurements were missing for most of 

the infants included in this study, resulting in the inability to calculate WLZ during data analysis.  

The WHO recommends that children with SAM who have been admitted to hospital and managed 

as inpatients should only be transferred to outpatient care when their medical complications 

including oedema are resolving and they have good appetite (WHO, 2013b:20). Thus, with 

regards to the transfer criteria, it was observed in this study that, WAZ criteria is the most used 

anthropometric tool for transferring SAM children to outpatient care. Additionally, since more than 

half of the infants who were referred to the outpatient care in this study had good appetite and 
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oedema resolved, it can be assumed that the resolution of oedema and improvement in appetite 

were considered in the referral to outpatient care process since they might have a higher risk for 

relapse. 

5.2 Co-morbid conditions presented at admission in infants aged 6 - 23 months 

The most common clinical condition in this study was vomiting (51%; n = 203) while diarrhoea 

was the most prevalent (52%; n = 208) infectious co-morbidity followed by gastroenteritis (24%; 

n = 96), RTIs (23%; n = 93), malaria (17%; n = 69) and then sepsis (14%; n = 54). In a study 

conducted in Zambia, 67.1% of the SAM children studied presented with diarrhoea at admission 

(Irena et al., 2011:112). The presence of diarrhoea causes malnutrition due to inadequate nutrient 

absorption, loss of nutrients and water (Sunguya et al., 2006:191). The observed high prevalence 

of diarrhoea in this age group suggests the need for community-level interventions targeted at the 

prevention and treatment of diarrhoea (Irena et al., 2011:115). Although malaria was present in 

the SAM infants included in this study (17%; n = 69), it was not the most prevalent comorbidity as 

was found in another study conducted in Ghana where the malaria prevalence was 33% (Saaka 

et al., 2015a:221). Once again it must be mentioned that 40.6% (n = 162) of the SAM infants 

included in this study had missing rapid diagnostic test results for malaria in their medical records 

or they were not documented. In contrast to other studies, hypoglycaemia was not found to be 

the most common complication as reported by other studies (Karaolis et al., 2007:198; Bachou et 

al., 2008:26; Bhutta et al., 2017:17077). This may be linked to the fact that the blood glucose 

status of 66% (n = 262) of the infants was not reported at admission. Nevertheless, none of these 

variables were statistically significantly associated with mortality in SAM infants aged 6 - 23 

months under the study. 

5.3 Clinical outcomes of infants aged 6 - 23 months treated for SAM 

This study revealed that 84.3% (n = 43) of the infants with complicated SAM, admitted to the three 

study hospitals, recovered (defined as resolution of oedema). The proportion of infants who 

recovered, based on resolution of oedema in this study, was higher than the proportion which 

recovered in a study conducted in Ghana, based on resolution of oedema or improvement in 

weight or MUAC with a rate of 19.5% (Saaka et al., 2015a:222). It was also higher when compared 

to the proportion which recovered in Gambia by WHZ and MUAC, with rates of 45.6% and 36.1%, 

respectively (Burrell et al., 2017:229). The proportion of infants who recovered, based on 

resolution of oedema in the current study was comparable to two retrospective studies conducted 

in Northwest (87.3%) and Southern (87%) Ethiopia (Teferi et al., 2010:234; Misganaw et al., 

2014:23). This heterogeneity may be due to variations in the clinical definition of recovery, the 
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disparities that exist with regard to compliance to SAM management guidelines, differences in 

facility setups and distance from health facility (Admasu et al., 2017:9). 

The overall mortality rate recorded in this study was 15.8%. Many studies conducted in different 

sub-Saharan African countries, such as Zambia (40.5%), Kenya (38%), Malawi (25.7%), and 

Uganda (24%) reported higher prevalence of mortality (Bachou et al., 2006; Sadler et al., 

2008:366; Nzioki et al., 2009:92; Irena et al., 2011:112). The mortality rate recorded in this study 

was similar to that reported in studies done in Ethiopia and Kenya with mortality rates of 18.4% 

and 19%, respectively (Amsalu & Asnakew, 2006:151; Maitland et al., 2006:2433). Further, most 

(65.1%) deaths in this study occurred within the first three to four days of admission and this is 

similar to the study of Sadler et al. (2008:366) who reported that 53.1% of the deaths reported for 

the inpatient management of SAM occurred within the first four days of admission. Of concern is 

the death rates observed in this study were higher than the minimum acceptable Sphere 

standards of < 10%. It also fell short of the WHO’s suggestion of < 5%. However, the recovery 

rate (defined as resolution of oedema) was within the minimum international Sphere standards of 

at least 75% (Ashworth, 2003:5; SP, 2011:168). 

The referral to outpatient care rate observed in this study was 72.5%. This is consistent with what 

WHO anticipated regarding the inpatient management of SAM, that there would be a higher 

frequency of referral of SAM cases managed as inpatients to outpatient care to complete 

treatment as long as effective alternative supervision was available (WHO, 1999:28). Due to 

associated infections, it is anticipated that children with SAM receiving treatment in the inpatient 

setting may not completely recover (Saaka et al., 2015a:226). Therefore, after being stabilised in 

inpatient care, they are usually transferred to outpatient care to continue treatment until the 

complete recovery from SAM. Children with SAM are not referred to the outpatient or discharged 

home during treatment if they failed appetite test for the RUTFs or cannot eat the RUTFs which 

is used in the outpatient care (Saaka et al., 2015a:226). However, it is possible that some of the 

infants included in this study were referred to outpatient care or discharged home with poor 

appetite. 

5.4 Length of stay in the hospital 

The median LOS in hospital observed in this study was 11 days (IQR: 8, 14) with the majority, 

(96.3%; n = 312) of the infants staying < 30 days. This is in line with the minimum Sphere 

standards that should not exceed 30 to 40 days for the management of SAM (SP, 2004:150). This 

LOS in the inpatient setting is similar to an outcomes’ evaluation studies undertaken by Admasu 

et al. (2017:8) of 11 days and by Wagnew et al. (2018:68) of 12 days, it was however far lower 

than a study conducted by Misganaw et al. (2014:25) of 21 days. A potential explanation to the 
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disparities in outcomes could be ascribed to the presence of comorbidities, occurrence of 

recurrent infections, and socioeconomic status of the children (Wagnew et al., 2018:68).  

Furthermore, this present study revealed that SAM infants who had oedema at admission were 

likely to stay less days in inpatient care than those who had MUAC < 115 mm and WLZ < -3 SD 

at admission. This finding is in line with those of other studies in which children who presented 

with severe wasting at admission stayed longer in inpatient care than their oedematous 

counterparts (Teferi et al., 2010:236; Chiwaula, 2011:24; Ahmed et al., 2013:7; Gebremichael, 

2015). Again, the median LOS in the hospital for infants who died in this study was similar to that 

reported in one other study (Lapidus et al., 2009) and longer than what other studies have 

reported (Bachou et al., 2006; Munthali et al., 2015:26). This might have been due to underlying 

medical conditions, such as HIV and dermatitis of the infants included in this study, which can 

prolong the time spent in hospital (Jarso et al., 2015:84).   

5.5 Rate of weight gain  

The median rate of weight gain was 6.8 g/kg/day, with a lower rate of 3.3 g/kg/day and higher rate 

of 7.5 g/kg/day for oedematous and severely underweight infants respectively. This fell outside 

the acceptable range recommended by Sphere for the treatment of SAM which is a weight gain 

of > 8 g/kg/day (SP, 2004:149). The median weight gain was also observed to be outside WHO 

suggestion of a weight gain > 10 g/kg/day during the rehabilitation phase of nutritional 

management (Ashworth, 2003:25).  

The median weight gain in this study was lower than the mean rate of weight gain of 8.9 ± 4.7 

g/kg/day in Gambia, 10.0 g/kg/day in Burkina Faso and 10.4 g/kg/day in Northwest Ethiopia 

(Savadogo et al., 2007:265; Jarso et al., 2015:79; Burrell et al., 2017:229). It was also lower than 

the mean rate of weight gain reported by Wagnew et al. (2018:68) of 29.1 g/kg/day and Oumer et 

al. (2016:17) of 15 g/kg/day for the inpatient management of children with SAM. This could 

perhaps be due to the presence of less severe cases and/or the types of complications and 

comorbidities present (Gebremichael, 2015).  

The lower median rate of weight gain reported for oedematous infants in this present study was 

similar to that reported in a study undertaken by Wagnew et al. (2018:66) of 4 g/kg/day and lower 

than that reported by Girum et al. (2017:105) of 13.4 g/kg/day. This can be explained by the fact 

that children who present with oedema, especially those with severe oedema, are more likely to 

lose than to gain weight after the resolution of the oedema (Girum et al., 2017:107).  

This highlights the need for compliance to the medical and nutritional rehabilitation for SAM 

management (Wagnew et al., 2018:65). 
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Per international recommendations, a SAM child being managed as an inpatient can be 

considered to have recovered and be prepared for discharge when he/she reaches -1 SD (90%) 

of the median WHO child growth standards. Additionally, according to a previous WHO guideline, 

a weight gain of 10 to 15 g/kg/day should be considered satisfactory for discharge, while a weight 

gain of < 5 g/kg/day for three consecutive days implies that the child is not responding to treatment 

(WHO, 1999:22). It is suggested that with high-energy feeding, most children with SAM reach 

their target weight for discharge after 2 to 4 weeks of being on nutritional therapy (WHO, 1999:28). 

As most (82.4%) of the infants stayed more than 7 days in inpatient care, the majority (70%; n = 

227) of them gained more than 10 g/kg weight/day in this study. It can therefore be assumed that, 

although the median weight gain was in general very low, the majority of infants might have 

attained their target weight (although not available in medical records) before being prepared for 

discharge or referred to the outpatient care. 

5.6 Anthropometric characteristics that might have contributed to study outcomes 

A statistically significant difference was observed between admission WLZ in infants who died 

compared to survivors, but this was not associated with death in infants with SAM. Furthermore, 

a MUAC < 115 mm was associated with a higher number (n = 21; 16%) of deaths at admission 

than a WLZ < -3 SD (n = 16; 20.3%). This finding is in line with that of Berkley et al. (2005:594), 

who reported a high number (n = 166; 19%) of deaths for MUAC of ≤ 115 mm. This observed 

difference in the distribution of the number of deaths for MUAC and WLZ can be due to the fact 

that both MUAC and WFL reflect bone, fat and muscle mass. However, WFL is affected by total 

body water and it may be potentially lowered by acute dehydration (Berkley et al., 2005:595). 

Furthermore, a MUAC < 115 mm at admission was revealed, in this study, to be associated with 

2.33 (95% Cl: 0.61, 8.89; p = 0.2) increased risk of death in infants aged 6 - 23 months with SAM 

although not statistically significant. This finding may suggest that MUAC and WLZ identify 

different children, however, more studies are needed to evaluate MUAC and WLZ in this age 

group and in different settings.  

Additionally, it was observed in this study that infants aged 6 - 23 months, who were severely 

underweight at admission, had five times higher odds of attaining their target weight gain of more 

than 10 g/kg/day for discharge compared to infants without this sign. Consequently, it was 

observed that infants with a MUAC < 115 mm and WLZ < -3 SD at admission had 5.05 (95% Cl: 

1.80, 14.17; p = 0.002) and 3.12 (95% Cl: 0.78, 12.53; p = 0.31) higher odds of being hospitalised 

for more than 7 days, respectively when compared to infants without a better MUAC or a WLZ at 

admission. This is in line with the finding of Gebremichael (2015) and the survival analysis of 

Chiwaula (2011:26), that the longer the time children with SAM spend in inpatient care, the 
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slimmer their chance of surviving. This observation should have been the exception rather than 

the rule with regard to the inpatient management of SAM. 

5.7 Clinical characteristics that might have contributed to study outcomes 

In this study, it was observed that impaired consciousness, hypoglycaemia, hypothermia, severe 

anaemia, visible severe wasting, severe pallor, dehydration and tuberculosis were not statistically 

significantly associated with a higher risk of death in infants aged 6 - 23 months. This contradicts 

the findings of other studies performed in other sub-Saharan African countries, where these 

clinical indicators were found to be highly associated with death in children under five years with 

SAM (Berkley et al., 2005:594; Maitland et al., 2006:2433; Nzioki et al., 2009:92; Jarso et al., 

2015:12; Munthali et al., 2015:27). This could be because some of the clinical signs usually seen 

in children with SAM may not be as a result of the SAM but to concomitant pathogens (Lapidus 

et al., 2009). 

This present study revealed that infants aged 6 - 23 months with convulsions, shock and 

dermatitis at admission had a higher risk of death of 6.76 (95% Cl: 2.57, 17.83; p = 0.0001), 5.18 

(95% Cl: 1.49, 18.08; p = 0.01) and 3. 46 (95% Cl: 1.77, 9.75; p = 0.0003), respectively. It was 

also observed that HIV positive infants had a higher risk of death of 4.04 (95% Cl: 1.86, 8.81; p = 

0.00004) than HIV negative infants. This is consistent with the findings of other studies conducted 

in sub-Saharan Africa, where shock and HIV infection were observed to be statistically 

significantly associated with higher risk of death in children with SAM with adjusted risk ratios of 

6.3 (95% Cl: 3.1, 12.6) and 6.2 (95% Cl: 1.2, 59) respectively (Maitland et al., 2006:2434; De 

Maayer & Saloojee, 2011:560). There is also the need for adherence to current WHO and country 

adapted SAM guidelines for the inpatient management of SAM, early detection and giving of 

prophylaxis to help in reducing the risk of death in SAM infants (Wagnew et al., 2018:70).  

5.8 Study strengths and limitations 

5.8.1 Strengths of the study 

One of the main strengths of this study was that three of the main referral hospitals for SAM 

treatment in Ghana were used, and data regarding predictors of mortality were collected at 

admission before discharge or transfer outcomes were known. This gives the assurance that the 

measurement of predictor variables was not biased by prior knowledge of the study sample 

outcomes. In addition, data were collected in a real life situation, which makes this study a 

demonstrative representation of most conditions in low- and middle-income countries such as 

Ghana. Additionally, this is the first study in Ghana to determine the relationship between 

admission and transfer criteria with clinical outcomes of infants aged 6 - 23 months diagnosed, 
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admitted, treated and discharged for SAM. Finally, as this study was undertaken in three of the 

biggest referral hospitals for the treatment of SAM, it provides important information on how the 

healthcare system in Ghana can be enhanced in terms of the reviewing of the admission and 

transfer criteria, clinical practices and policy to reduce this high death rate reported in infants 

managed for SAM in Ghana. 

5.8.2 Limitations of the study 

This study faced some limitations. First, there was lack of complete information, such as weight, 

length, MUAC and z-scores measurement in the SAM cases medical records, this reduced the 

statistical power to detect significant differences between groups. There was a potential bias 

associated with excluding medical records for the second admission of the infants, the issue of 

unknown status of defaulters, and no control over the quality of the measurements that were 

made at admission. Another limitation was that this study did not analyse data collected at 

admission on sociodemographic characteristics, biochemical and patient treatment-related 

factors, such as skill of health professionals, feeding, antibiotic and intravenous fluid 

administration, that could have influenced outcomes. Patients’ causes of death were also 

insufficiently detailed in their medical records and therefore this study could not analyse the cause 

of death. Finally, the fact that this study was based on hospitals’ medical records with no control 

over the technique and accuracy used for obtaining the anthropometric measurements, in itself is 

a limitation.  
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CHAPTER 6 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Introduction 

This final chapter presents the summary of the main findings of this study, as well as the general 

conclusions and the recommendations based on the conclusions. It further highlights on how the 

aims and objectives of the study have been addressed. 

6.2 Research aim 

The aim of this observational study was to determine the relationships of anthropometric 

measures and/or oedema at admission and transfer with clinical outcomes of infants aged 6 - 23 

months admitted and managed for SAM in three referral hospitals in Ghana. 

6.3 Research objectives 

The objectives of this study were to: 

 Determine the admission and transfer criteria (MUAC and/or WLZ and/or oedema) in 

infants aged 6 - 23 months diagnosed with SAM, admitted, treated and subsequently 

discharged in three Ghanaian referral hospitals. 

 Determine the clinical outcomes (death rate, recovery rate, referral to outpatient rate, 

LOS in hospital and rate of weight gain) in infants aged 6 - 23 months diagnosed with 

SAM, admitted, treated and subsequently discharged in three Ghanaian referral 

hospitals. 

 Determine the associations of admission and transfer criteria in relation to the clinical 

outcomes in infants aged 6 - 23 months diagnosed with SAM, admitted, treated and 

subsequently discharged in three Ghanaian referral hospitals. 

6.4 The distribution of malnutrition in infants aged 6 - 23 months treated for SAM 

This current study revealed that, of the 399 infants aged 6 - 23 months diagnosed, admitted and 

treated for SAM in the three referral hospitals in Ghana, only 81.4% (n = 13), 83.2% (n = 79), 

11.3% (n = 69) and 4% (n = 16) met the WHO’s current criteria for severe malnutrition requiring 

inpatient care based on MUAC < 115 mm alone, WLZ < -3 SD alone, presence of oedema, and 

based on MUAC < 115 mm complicated by oedema, respectively. More than three quarters 

(89.1%; n = 229) of the infants aged 6 - 23 months who were treated for SAM also had a WAZ < 

-3 SD and almost one quarter (23.8%) had both severe wasting based on MUAC < 115 mm and 

severe underweight based on WAZ < -3 SD. Thus, it is possible that many of the infants who were 
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treated for SAM based on MUAC or WLZ criteria or both, did not conform to WHO’s 

anthropometric diagnostic criteria for the inpatient management of SAM (Ashworth et al., 

2004:1114). Conversely, it is possible that most of the underweight and severely underweight 

infants were referred to the hospital for co-morbidities related to SAM. It could therefore be 

reasoned that if these moderately wasted infants were to be admitted to the hospital and treated 

based on SAM protocol, they might benefit from the catch-up growth formula or enriched family 

foods usually given to SAM children in the hospital. They could also benefit from the nutrition 

education usually offered to parents or caregivers whose children were treated, thereby 

influencing subsequent nutritional practices and the nutritional well-being of the infants (Ashworth 

et al., 2004:1114).  

In this present study, diarrhoea (52.1%; n = 208), vomiting (51%; n = 203), visible severe wasting 

(51%; n = 202), dehydration (41%; n = 158), irritability (28%; n = 111), gastroenteritis (24%; n = 

96) and RTIs (23%; n = 93) were the most common clinical and co-morbid conditions presented 

at admission in infants aged 6 - 23 months. It has been reported elsewhere that children affected 

by diarrhoea are likely to be underweight and severely underweight compared to those without 

diarrhoea (Akombi et al., 2017:56). This is because children with diarrhoea tend to have poor 

appetite for food, as diarrhoea interferes with digestion and absorption of food consumed. The 

presence of diarrhoea therefore worsens the malnutrition by channelling essential nutrients away 

from growth towards immune response resulting in growth failure (Black et al., 2013:434). 

6.5 Association of malnutrition indicators at admission with clinical outcomes 

In this current study, discharge rate, death rate, recovery rate, rate of weight gain, and transfer to 

outpatient care rate, as well as LOS in hospital, were used as proxies for determining clinical 

outcomes. A mortality rate of 15.8% was observed in this study and this was seen to be outside 

the minimum Sphere recommendation of < 10% for inpatient management of SAM (SP, 

2011:169). The recovery rate of 84.3% (defined as resolution of oedema) was observed to be 

within the acceptable Sphere standards of > 75% (SP, 2011:169) and almost three times higher 

than reported by one study carried out in the outpatient care unit of TTH with an overall recovery 

rate of 33.6% (Saaka et al., 2015b:3). This could be due to the differences in determining recovery 

rate: oedema was used as the surrogate for recovery in this study, while Saaka and co-authors 

used a MUAC measure of ≥ 125 mm. Likewise, the referral to outpatient care was observed to be 

72.4%, which was more than the actual discharge rate of 13.4% (n = 43) observed in this current 

study. This could be due to associated risk factors or cross infections which may not have 

completely resolved even with improved appetite or resolution of oedema and therefore must be 

referred to the outpatient care until they are medically and physically fit to go home (Ashworth et 

al., 2004:1114; Saaka et al., 2015a:226). 
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6.5.1 Length of stay in the hospital and rate of weight gain 

It was observed in this current study that the median LOS in hospital was similar in infants who 

had a WLZ < -3 SD and a WAZ < -3 SD, with 11 days for each. The median LOS in the hospital 

was also similar in infants who had a MUAC < 115 mm and oedema at admission, with a median 

LOS in hospital of 12 days each. The highest LOS in the hospital was observed in infants who 

had both a MUAC < 115 mm and WLZ < -3 SD, with approximately 14 days of stay in the hospital, 

followed by infants who had both a MUAC < 115 mm complicated by oedema, with a median LOS 

of 13 days. Daily weight gain was observed to be quite high in infants who had WAZ and LAZ < -

3 SD, with a median weight gain of 7.5 g/kg/day for each. This was observed to be followed closely 

by infants who had a MUAC ≥ 115 mm with 7.4 g/kg/day and then infants who had a WLZ < -3 

SD with 6.5 g/kg/day. The least weight gain was observed in infants who had oedema at 

admission. This is incongruent with a study undertaken in Ethiopia by Oumer and colleagues, 

who reported a lower weight gain of 3.4 g/kg/day for oedematous children (Oumer et al., 2016:17). 

This could be ascribed to the age of the children included in the study, presence of secondary 

complications, type of health workers involved in the management and regular supportive 

supervision (Teferi et al., 2010:237). It was again observed in this study that having a WAZ < -3 

SD was statistically significantly associated with having a satisfactory weight gain and having a 

MUAC < 115 mm or a WAZ < -3 SD was statistically significantly associated with longer stay in 

the hospital. 

In the current study, most deaths occurred within 92 hours of admission, which means these 

deaths could have been prevented (Collins et al., 2006:1998). This calls for extensive evaluation 

and monitoring of diagnostic criteria, clinical practices and treatment guidelines of Ghanaian 

hospitals treating SAM. This also emphasises on the significance of ensuring there is adequate 

access to effective treatment, strategies set for detecting infants at their earlier stages of 

malnutrition and encouraging caregivers to bring their infants early for treatment (Lapidus et al., 

2009). A statistically significant difference was observed between infants who died and those who 

survived, but this was not associated with increased risk of death in infants aged 6 - 23 months. 

When adjusted for all possible confounders and although not statistically significant, a MUAC < 

115 mm at admission was observed to be associated with a two times increased risk of death. 

Additionally, convulsions, shock, HIV infection and dermatitis were observed to increase the risk 

of death in infants aged 6 - 23 months significantly. This therefore re-echoes the significance of 

enforcing the use of the triage system in all health facilities and hospitals so that cases requiring 

urgent attention are identified and managed timeously. There is also the need for interventions 

and guideline compliance to reduce deaths in the course of SAM management, especially in 

resource poor settings. 
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6.6 Conclusions and recommendations 

A significant difference was observed between admission WLZ in infants who died compared to 

survivors, but it did not statistically significantly increase the risk of death. Admission MUAC < 115 

mm was associated with two times increased risk of death although non-statistically significant. 

Recovery rate and LOS in the hospital were within the acceptable Sphere standards, while the 

mortality rate and daily weight gain were not. Complications and co-morbid conditions, such as 

convulsions, shock, HIV infection and dermatitis, were identified to be statistically significantly 

associated with mortality in SAM infants aged 6 - 23 months. Thus, in conclusion, this study adds 

to the findings of other studies that SAM is a major killer of children under five years in low- and 

middle-income countries. The availability of a simple and easy-to-use screening tool and/or test 

to determine risk of death and/or risk factors for death in children under five years with SAM based 

on age groups can aid in reducing the high mortality rates associated with SAM and improve daily 

weight gain and LOS in the hospital. To achieve these, it is recommended that: 

 The Ministry of Health in collaboration with GHS intensify on the effective 

implementation of the national SAM guideline, and ensure the routine training and strong 

monitoring and evaluation of staff based on current recommendations for the 

management of SAM from internationally recognised bodies to keep staff up-to-date with 

the appropriate approaches to treatment at any given time. This will help in reducing 

mortality rates to < 5%, since standardised treatment approaches will always be 

employed. 

 Regional and district health and nutrition officers should ensure that all records on the 

daily management of SAM are kept up to date, retained and not lost in the facility so that 

areas that need improvement can be clearly seen during the reviewing of hospital 

medical records. Particular attention should be given to the keeping and proper retention 

of mortality records. This can be done by routine reviewing of the safe keeping of 

hospital or facilities medical records archives. 

 It is recommended that the Ministry of Health, in collaboration with GHS, tries to improve 

the diagnostic skills of health workers/clinicians in the area of SAM by incorporating 

weight, height and MUAC measurements into paediatric clinics as well as the provision 

of appropriate growth reference charts and MUAC tape. There is also the need to update 

clinicians in the recognition and management of SAM, especially in children with SAM 

who present with complications and co-morbidities such as convulsions, shock and HIV 

infection, for better treatment outcomes. 

 The Ministry of Health, GHS and other health agencies, such as the Christian Health 

Association of Ghana (CHAG), are encouraged to embark on a nationwide recruitment 
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of more dieticians and nutrition officers who are trained to provide appropriate medical 

nutrition therapy at all health facilities throughout the country. This will also help in 

ensuring that diagnoses made are based on the appropriate and current anthropometric 

diagnostic criteria. This can help with the appropriate administration of treatment based 

on diagnosis made. 

 Lastly, more studies should be undertaken on the level of the application of the national 

SAM protocol with special focus on the use of MUAC and WHZ/WLZ as using both 

screening tools could aid in identifying severely malnourished children to achieve better 

treatment outcomes. 

6.7 Future studies 

As this current study was based on a collection of already existing hospital medical records, it is 

recommended that: 

 Further research should be carried out across the country to determine the associations 

of admission and transfer criteria with clinical outcomes of Ghanaian infants aged 6 - 23 

months, diagnosed, admitted and treated for SAM before widespread acceptance and 

utilisation of the study findings occurs. 

 A prospective hospital-based study should be done with the aim of determining the 

admission and transfer criteria for children of weaning age who have been diagnosed, 

admitted and treated for SAM based on current anthropometric and clinical diagnostic 

criteria set for the inpatient management of SAM. This will help to address the issue of 

which criteria should be used for infants below 24 months instead of using the general 

admission and transfer criteria for all children below five years. It will also help in 

providing data on the admission and management of infants aged 6 - 23 months with 

SAM in Ghana. 

 More studies should be done on the application of the WHO’s “ten steps” in this age 

group in relation to their treatment outcomes. 
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ANNEXURE B: DATA EXTRACTION FORM 
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ANNEXURE C: ETHICAL APPROVAL FROM NORTH-WEST UNIVERSITY ETHICS 

COMMITTEE 
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ANNEXURE D: ETHICAL APPROVAL FROM GHANA HEALTH SERVICE 
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ANNEXURE E: ETHICAL APPROVAL FROM KATH ETHICS REVIEW COMMITTEE 
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ANNEXURE F: APPROVAL FROM KATH AND PML MANAGEMENT 
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ANNEXURE G: APPROVAL FROM TTH MANAGEMENT 

 


