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Abstract 

Objective To determine factors associated with inpatient death among a cohort of 
children aged 6–59 months with severe acute malnutrition in north-western Nigeria. 

Methods Our observational study used routine programmatic data of all 
children aged 6–59 months admitted to two inpatient facilities in Katsina State with 
severe acute malnutrition in 2022. We assessed nutritional status at admission by 
weight-for-height Z-score (WHZ), mid-upper-arm circumference (MUAC) and bilateral 
nutritional oedema using World Health Organization definitions. We used Cox-
proportional hazard models to identify predictors of mortality, with and without 
adjustment for sex, age group, nutritional status at admission, major clinical 
complications and comorbidities. 

Findings Of 12 771 children included in the analysis, we observed an overall 
inpatient mortality of 8.4%. Compared with children admitted by the MUAC criterion 
alone, we noted that children admitted by the WHZ criterion alone had twice the risk of 
death; children admitted with kwashiorkor and low WHZ had more than four times the 
risk. Older marasmic children had a higher risk of death than younger children 
(adjusted hazard ratio: 1.74; 95% confidence interval: 1.50–2.03). We did not observe 
any significant association between stunting and mortality. Our findings were not 
altered by any of the complications or comorbidities recorded. 

Conclusion Children with a low WHZ at admission have a higher risk of death 
than those with a low MUAC, and should be subject to special considerations when 
associated with oedema. MUAC alone is an insufficient criterion to identify all the 
children at risk of death from malnutrition. 
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Introduction 

Each year severe acute malnutrition contributes to millions of deaths among children aged 6–

59 months based on weight-for-height Z-score (WHZ).1 If children with a low mid-upper-arm 

circumference and nutritional oedema (kwashiorkor) are added, the prevalence estimate 

doubles;2,3 when incidence instead of prevalence is considered, the burden increases 

dramatically.4 Regardless of the exact magnitude, severe acute malnutrition is a major 

concern. 

The World Health Organization (WHO) defines severe acute malnutrition as any 

combination of WHZ less than −3Z, mid-upper-arm circumference less than 115 mm and/or 

bilateral nutritional oedema.5 Affected children have a higher risk of death by a factor of 

approximately nine compared with healthy children.6 Children without clinical complications 

can be managed in the community through outpatient therapeutic programmes; however, 

children who fail an appetite test, have severe oedema, medical complications or clinical 

danger signs are categorized as having complicated severe acute malnutrition and are initially 

managed in inpatient facilities.7 

In sub-Saharan Africa, 10–40% of children with severe acute malnutrition admitted 

for inpatient care die.8 WHO predicts that the mortality could be reduced to less than 5% if 

their guidelines are followed.9 However, few studies have reported on factors associated with 

inpatient mortality from severe acute malnutrition. A review of 19 such studies since 2000 

only had 400 patients per study.10 As well as having insufficient power or using outdated 

guidelines and standards, the results of these studies had not been adjusted for important 

confounding factors including complications, comorbidities and nutritional oedema.3,11 Early 

identification of prognostic factors, referral to inpatient facilities and risk stratification at 

admission could reduce inpatient mortality in affected children. 

Katsina State in North-Western Nigeria has 34 local government areas with an 

estimated population of 10.3 million.12 The region has recently faced high levels of banditry 

and is the most food insecure in Nigeria; recent surveys show alarming levels of malnutrition 

classified under the Integrated Food Security Phase Classification for Acute Malnutrition as 

Phase 3 (serious) to Phase 4 (critical).13–15 Since 2021, Médecins Sans Frontières (MSF) 

Operational Centre Paris with the Katsina State Ministry of Health has managed acute 

malnutrition in the local government areas of Jibia, Katsina and Mashi, admitting the largest 

cohort of children with severe acute malnutrition ever treated by MSF.16 Among all patients 

treated in our therapeutic programmes, almost all deaths occurred in children admitted to one 

of our inpatient facilities. To provide insights into the mechanisms underlying inpatient 
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mortality, we examine the factors associated with death among children with severe acute 

malnutrition. 

Methods 

We collected clinical and anthropometric data from all patients aged 6–59 months admitted to 

the two inpatient MSF facilities in Katsina town from 1 January to 31 December 2022. 

Treatment in these inpatient facilities followed WHO guidelines and the current national 

protocol.9,17 

Data encoders routinely entered data from patient files and registers into an Excel 

(Microsoft, Redmond, United States of America) line list to facilitate supervision, audit and 

early detection of anomalous mortality. Staff entered data at admission and completed each 

patient’s details at or shortly after discharge. We de-identified data before compiling weekly 

analyses. 

We excluded children that did not meet the criteria for severe acute malnutrition, or 

had implausible or missing weight, height, MUAC, oedema or outcome, from our analysis 

(Fig. 1). 

Statistical analysis 

Our primary outcome was all-cause in-hospital mortality. Children who defaulted (i.e. were 

lost to follow-up) were included in the analysis. There were no transfers to other institutions. 

We defined our independent variables as age group (6–23 and 24–59 months), sex, 

local government area of residence (either supported or not supported by MSF), type of 

admission (direct admission or transfer from an outpatient therapeutic programme), weight, 

height, MUAC, WHZ, height-for-age Z-score (HAZ), nutritional status, nutritional grade 

(oedema in the feet, hands and face classified as grades 1, 2 and 3, respectively), major 

clinical complications and common comorbidities (including a rapid malaria test at 

admission). Health workers diagnosed dehydration and sepsis from clinical signs alone, 

respiratory infection by tachypnoea alone, and hypoglycaemia mostly by clinical signs and 

occasionally blood glucose. We assessed nutritional status based on current WHO definitions5 

and, to avoid Simpson’s paradox (an extreme form of confounding where the results of a 

comparison can be reversed, making a less important variable appear dominant),3,18,19 we 

classified children into one of the categories defined in Table 1. 
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We calculated distributions of patients and deaths over each level of the specified 

variables. Subsequently, we performed Pearson’s χ2 tests (P-value < 0.05) to examine whether 

the distributions of deaths differed across levels, in relation to case fatality rates. 

We then ran univariable Kaplan–Meier models comparing mean or median survival 

times for each variable. Variables with a P-value of less than 0.05 were retained and paired 

for bivariable models to test for the presence of one-way interactions. We included all 

significant covariates and interactions in a full multivariable analysis, both with and without 

adjustment for the potential confounders of sex, age group, nutritional status at admission, 

major clinical complications, comorbidities and their relevant interactions. Given the 

persistence of the interaction between age group and nutritional status groups in the full 

model (P-value < 0.05), we also present stratified multivariable analyses for children with 

marasmus (that is, non-oedematous malnutrition) and kwashiorkor, disaggregating these 

distinct malnutrition forms. 

We report both crude and adjusted hazard ratios (HR and aHR) with 95% confidence 

intervals (CI). A comparison of aHR with HR shows the magnitude of association between 

death and covariates. We assessed the proportional hazard assumption based on Schoenfeld 

residuals test (both global and scaled) and log-minus-log graphs. We considered covariates 

with a P-value of less than 0.05 to be statistically significant predictors of death in children 

with severe acute malnutrition. 

We conducted a sensitivity analysis to determine whether results varied when children 

recorded as defaulters were considered as deaths. 

We analysed all data using R software, version 4.2.0 (R Foundation for Statistical 

Computing, Vienna, Austria). 

Ethics 

Our research fulfilled the exemption criteria set by the MSF Ethics Review Board for 

posteriori analyses of routinely collected clinical data, and was conducted with the permission 

of the Medical Director of MSF Operation Centre Paris. The Katsina State Ministry of Health 

additionally approved the secondary use of routinely collected programmatic data for our 

analysis and publication. Informed consent was not required as the data were collected for 

monitoring and evaluation purposes within the MSF-supported nutrition programme. 
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Results 

Our initial analysis included 12 771 children; an anthropometric measurement (MUAC) had 

not been recorded for 15 children (0.1%) and a further 49 children were excluded from the 

Cox analysis (0.4%; Fig. 1). 

We observed that the case fatality rate remained steady throughout the year at about 

8.4% (1074/12 771; monthly range: 3.8–10.8), despite the seasonality in admissions (Fig. 2). 

A slightly higher proportion of older children were admitted during the peak. A total of 

5 826/12 771 (45.6%) patients were direct admissions to the inpatient facility, mostly from 

local government areas not supported by MSF (9012; 70.6%), and were evenly split by age 

(6–23 months: 6396; 50.1%) and sex (girls: 6258; 49.0%; Table 2). Of the deaths, 792/1074 

(73.7%) were from local government areas not supported by MSF. We observed that the older 

children had a much higher risk of death than the younger children (aged 24–59 months: 648; 

60.3%), and girls accounted for 579/1074 (53.9%) of the deaths. 

We noted that 11 297/12 1771 (88.5%) of the admitted patients were stunted (HAZ 

< −2Z) but no significant association was observed between stunting, often interpreted as 

chronic malnutrition, and mortality. We did not consider HAZ in any of the models 

explaining variations in mortality (Table 2). 

We observed that many patients had very severe acute malnutrition: the majority 

(6973; 54.6%) had a MUAC of less than 110 mm and a WHZ of less than −4Z (7583; 59.4%), 

both of which corresponded to the highest case fatality rates. Such severity explains why 6995 

(54.8%) of the children met the admission criteria for both MUAC and WHZ. Significantly 

different case fatality rates were observed by admission criterion. The lowest case fatality rate 

(2.9%; 14/479) was observed among children admitted by the MUAC criterion alone; those 

with only a low WHZ had more than double this mortality (6.4%; 98/1531), and those 

fulfilling both admission criteria had an even higher mortality (8.2%; 575/6995). We noted 

that patients with only oedema had a similar mortality (4.6%; 51/1104) to those with oedema 

and a low MUAC (4.5%; 13/289). Our findings reveal that oedematous children with a low 

WHZ had the highest mortality of all severe acute malnutrition groups (18.1%; 97/535; 

Table 2). 

Of all clinical complications considered, we observed that a diagnosis of 

hypoglycaemia was associated with the highest risk of death (22.4%; 143/639). Children with 

dehydration had a slightly increased mortality (10.7%; 137/1279), whereas patients with fever 

had a lower mortality rate (6.4%; 399/6204). Among comorbidities, we noted a lower risk of 
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death for both chronic diarrhoea (7.1%; 209/2938) and acute diarrhoea (5.9%; 76/1289). Our 

results show that clinically diagnosed sepsis (13.2%; 328/2485) and rapid respiration (11.1%; 

45/405) contributed significantly to mortality (Table 2). 

Both the unadjusted and adjusted Cox regression models found several factors 

significantly associated with the probability of dying in marasmic children (Table 3). Patients 

diagnosed with severe acute malnutrition based only on the WHZ criterion had about double 

the risk of death compared to those diagnosed using only the MUAC criterion (aHR: 1.93; 

95% CI: 1.10–3.39); this result was robust after adjustment of the model. Older children had a 

higher risk of death than younger children (aHR: 1.74; 95% CI: 1.50–2.03) and boys a lower 

risk than girls (aHR: 0.82; 95% CI: 0.71–0.95). Of the complications tested, only fever, 

hypoglycaemia and other had a significant impact upon mortality. We observed that sepsis 

becomes significant (aHR: 1.62; 95% CI: 1.06–2.47) after adjustment for the other variables. 

We noted that dehydration, diarrhoea and acute respiratory infection did not contribute 

to mortality among marasmic children. The same model for oedematous children found 

slightly different results; sex and age did not contribute to the risk of death (Table 3). This 

demonstrates that the effect of these variables on overall case fatality rate was entirely the 

result of the marasmic children. Low MUAC did not significantly increase the risk of death in 

oedematous children (aHR: 0.91; 95% CI: 0.49–1.67), but low WHZ increased the hazard 

ratio massively (aHR: 3.31; 95% CI: 2.35–4.68). In contrast to the marasmic children, in 

oedematous children dehydration (aHR: 1.49; 95% CI: 1.03–2.15) and acute respiratory 

infection (aHR: 2.32; 95% CI: 1.23–4.38) increase the risk of death, but not chronic diarrhoea 

(aHR: 0.98; 95% CI: 0.63–1.53) or acute diarrhoea (aHR: 0.96; 95% CI: 0.52–1.78). As with 

marasmus, hypoglycaemia (aHR: 2.83; 95% CI: 2.04–3.93) and sepsis (aHR: 1.97; 95% 1.29–

2.99) increase the risk of death for oedematous children. 

The full Cox regression model combining both marasmic and oedematous children 

broadly confirmed the results from the stratified analyses for marasmus and kwashiorkor 

(Table 3). Those variables that were significant either in marasmic or oedematous children 

separately were generally also significant in the combined data set. One exception is age, 

which is not significant in the full model but has an interaction with nutritional status. From 

the analysis of the different nutritional groups (Fig. 3), marasmic children, but not 

oedematous children, have an age effect. 

We ran the same model assuming that all defaulters (420 children; 3.3%) had died and 

found the outcome and conclusions to be unaffected. The Kaplan–Meier survival curves 
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showed that the deaths occurred regularly throughout admission to the inpatient facility and 

were not clustered shortly after admission (available in online supplementary).20 

Discussion 

Our retrospective analysis was based on the line list used for close surveillance and routine 

weekly audits of the clinical programme. All children were treated according to a 

standardized protocol, with no experimental interventions, additional sampling or selective 

inclusion beyond fulfilling the WHO-recognized diagnostic criteria. The incidence of 

mortality remained approximately stable, although admissions increased tenfold indicating 

that the protocol was implemented consistently throughout the year.  

We observed that the proportions of patients in each of our seven anthropometric 

groups are different from the proportions found in community surveys of this region, in which 

a low WHZ is more prevalent than a low mid-upper-arm circumference14,15,21 and few 

children fulfil both criteria. This difference is because the ascertainment of children at the 

community level was by a mid-upper-arm circumference of less than 120 mm; the children 

treated in the community therefore had a milder illness and a very low case fatality rate, and 

diagnostic proportions were closer to those found in community surveys. Overall, the 

combined mortality rate from severe acute malnutrition among inpatients and outpatients was 

1.5% (1 130/77 244), which is well below the WHO recommended target threshold of 5%. 

Our results confirm and extend the results of previous research,19 who analysed 14 935 

inpatients with severe acute malnutrition from 17 African countries. They showed that 

mortality was higher among children meeting only the WHZ criterion than those meeting only 

the mid-upper-arm circumference criterion. However, this study had several limitations as the 

researchers included historical data collected long before the publication of the current WHO 

admission criteria; included data from multiple inpatient facilities and agencies that were 

following many different (and sometimes outdated) protocols; and did not provide any 

information on complications or comorbidities.19 

Our results are also consistent with data from almost 10 000 children treated for severe 

acute malnutrition in the Democratic Republic of the Congo;11 these data showed that WHZ 

alone is more strongly associated with hospital mortality than mid-upper-arm circumference 

either considered alone or with WHZ after adjustment for age, sex, nutritional oedema, 

infection and stunting. The presence of nutritional oedema was also found to increase the risk 

of death.11 
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We observed that conditions that were expected to increase mortality did not appear to 

be important contributors to death. The presence of acute watery or chronic diarrhoea, 

dehydration or malaria did not increase the risk of death in marasmic children. We ascribe 

these results to affected children receiving effective treatment. Sepsis only became significant 

after the data were adjusted for confounding factors. The positive effect of fever probably 

served as a marker for children able to mount a beneficial inflammatory reaction.22–24 

Although human immunodeficiency virus (HIV) infection is a risk factor for mortality, no 

data were available for this cohort. A recent meta-analysis among children hospitalized with 

severe acute malnutrition found HIV infection, diarrhoea, pneumonia, shock and lack of 

appetite were each associated with an increased risk of death.10 

Among oedematous children, although diarrhoea was not associated with mortality, a 

diagnosis of dehydration increased mortality. By definition, oedema indicates overhydration; 

a patient cannot be overhydrated and dehydrated at the same time. Presumably such diagnoses 

indicate hypovolaemia rather than dehydration. The causes of shock include sepsis, liver 

failure, cardiogenic shock, toxic shock and drug interactions. Giving excess sodium to 

overhydrated children with high intracellular sodium concentrations and leaky cell 

membranes is potentially dangerous.25–27 If there is weight gain (fluid retention) associated 

with acute respiratory infection, the most likely cause of the tachypnoea is pulmonary oedema 

secondary to iatrogenic fluid overload leading directly to cardiac failure, not infection. This 

mechanism would account for the increased mortality associated with both dehydration and 

tachypnoea in oedematous children without vomiting, diarrhoea or evidence of excess fluid 

loss. In our results, sepsis is also a purely clinical diagnosis that in reality usually denotes 

shock or simply severe illness. Most deaths did not occur soon after admission, which could 

be ascribed to pre-admission factors. As shown in the Kaplan–Meier plots most deaths 

appeared to occur after the child had deteriorated under treatment in hospital, indicating that 

some aspect of the treatment may not have been optimal or appropriate. 

The finding that older children have a higher risk of death from severe acute 

malnutrition is consistent with the multicountry pooled study of untreated community 

cohorts,28 which showed a higher mortality for children older than 2 years diagnosed by both 

mid-upper-arm circumference and WHZ. Although many studies have found younger children 

to be at higher risk, no significant difference in risk by age and sex was described in one 

recent meta-analysis.10 We expect the proportion of both WHZ-only and older children to be 

higher in contexts where there is a high caseload of severely malnourished children, such as in 

severe crisis situations.29 
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Of the children included in this analysis, two-thirds were severely stunted. Stunting 

refers to chronic undernutrition, which has been hypothesized to augment mortality among 

acutely malnourished children;28,30 our study does not support that conclusion. 

Our study was limited by the possibility of confounding from unmeasured factors, as 

is the case any observational analysis. Nevertheless, the operational nature and the 

completeness of the data from real-life facilities mean that our data are representative of 

conditions in developing countries, as opposed to experimental studies and trials where 

additional staff, training and materials are usually temporally available. 

Our study benefited from the fact that MSF Operational Centre Paris and the Nigerian 

health ministry deployed teams trained in WHO inpatient severe acute malnutrition guidelines 

alongside logisticians, ensuring an uninterrupted supply of therapeutic foods and medicines, 

clinical supervision and audit via line lists.  

We conclude that mid-upper-arm circumference alone does not identify malnourished 

children with the highest risk of death; instead, children with a measurement of less than 

115 mm had the lowest risk of death. Our inpatient data have shown that children with a low 

WHZ at admission had twice the risk of death, which increased further if also oedematous. 

These children should be subject to special considerations, forming a separate diagnostic 

category and considered as an exceptionally high-risk group. Moreover, accurate 

interpretation of signs of dehydration and rapid respiratory rate in oedematous children is 

particularly important for further mortality reduction. Earlier risk stratification at admission, 

strengthened diagnostic capacity, standardized shock management (especially for oedematous 

children) and timely referral systems from outpatient to inpatient care could also improve 

survival outcomes.  
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Table 1. Classification of nutritional status of children aged 6–59 months with 
severe acute malnutrition admitted to two inpatient facilities in Katsina, Nigeria, 
2022 
Nutritional status Oedema MUAC (mm) WHZ (mm) 
MUAC only No < 115 ≥ −3Z 
WHZ only No ≥ 115 < −3Z 
WHZ and MUAC No < 115 < −3Z 
Oedema only Yes ≥ 115 ≥ −3Z 
Oedema and MUAC Yes < 115 ≥ −3Z 
Oedema and WHZ Yes ≥ 115 < −3Z 
Oedema, WHZ and MUAC Yes < 115 < −3Z 

MUAC: mid-upper-arm circumference; WHZ: weight-for-height z-score. 
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Table 2. General characteristics and case-fatality ratios of children aged 6–59 months  
with severe acute malnutrition admitted to two inpatient facilities in Katsina, Nigeria, 2022 

Characteristic No. children (%)  Case fatality 
rate (%) 

Pa 
With severe acute 

malnutrition (n = 12 771) 
Mortality 
(n = 1 074) 

 

Type of admission 0.7  
Direct 5 826 (45.6) 496 (46.2)  8.5 
Transfer 6 945 (54.4) 578 (53.8)  8.3 
Local government area 0.017 
Not supported by MSF 9 012 (70.6) 792 (73.7)  8.8 
Supported by MSF 3 759 (29.4) 282 (26.3)  7.5 
Sex < 0.001 
Female 6 258 (49.0) 579 (53.9)  9.3 
Male 6 513 (51.0) 495 (46.1)  7.6 
Age, months < 0.001 
6–23 6 396 (50.1) 426 (39.7)  6.7 
24–59 6 375 (49.9) 648 (60.3)  10.2 
HAZ at admission 0.32 
≥ −2Z (not stunted) 1 474 (11.5) 134 (12.5)  9.1 
< −2Z (stunted) 11 297 (88.5) 940 (87.5)  8.3 
MUAC at admission (mm)b 0.003 
< 110 6 973 (54.6) 642 (59.8)  9.2 
110 to < 115 2 628 (20.6) 186 (17.3)  7.1 
115 to < 125 2 368 (18.5) 186 (17.3)  7.9 
≥ 125 787 (6.2) 59 (5.5)  7.5 
Missing 15 (0.1) 1 (0.1)  6.7 
WHZ at admission < 0.001 
< −4Z 7 583 (59.4) 812 (75.6)  10.7 
−4 to < −3Z 3 316 (26.0) 184 (17.1)  5.5 
−3 to < −2Z 1 030 (8.1) 45 (4.2)  4.4 
≥ −2Z 842 (6.6) 33 (3.1)  3.9 
Oedema grades at admission < 0.001 
Grade 1 or 2 1 660 (13.0) 182 (16.9)  11.0 
Grade 3 2 100 (16.4) 203 (18.9)  9.7 
Missing  6 (0.0) 2 (0.2)  33.3 
Nutritional status at admissionc < 0.001 
MUAC only 479 (3.8) 14 (1.3)  2.9 
WHZ only 1 531 (12.0) 98 (9.1)  6.4 
WHZ and MUAC 6 995 (54.8) 575 (53.5)  8.2 
Oedema 1 104 (8.6) 51 (4.7)  4.6 
Oedema and MUAC 289 (2.3) 13 (1.2)  4.5 
Oedema and WHZ 535 (4.2) 97 (9.0)  18.1 
Oedema, WHZ and MUAC 1 838 (14.4) 226 (21.0)  12.3 
Major clinical complications < 0.001 
None (failed appetite test) 3 866 (30.3) 314 (29.2)  8.1 
Moderate or severe 
dehydration 

1 279 (10.0) 137 (12.8)  10.7 

Fever (temperature 
> 38.5 °C) 

6 204 (48.6) 399 (37.2)  6.4 

Hypoglycaemia 639 (5.0) 143 (13.3)  22.4 
Other 783 (6.1) 81 (7.5)  10.3 
Major comorbidities < 0.001 
None (failed appetite test) 669 (5.2) 53 (4.9)  7.9 
Anaemia 339 (2.7) 27 (2.5)  8.0 
Acute respiratory infection 405 (3.2) 45 (4.2)  11.1 
Chronic diarrhoea 2 938 (23.0) 209 (19.5)  7.1 
Acute watery diarrhoea 1 289 (10.1) 76 (7.1)  5.9 
Malaria 2 761 (21.6) 167 (15.5)  6.0 
Measles 606 (4.7) 57 (5.3)  9.4 
Sepsis 2 485 (19.5) 328 (30.5)  13.2 
Other 1 279 (10.0) 112 (10.4)  8.8 
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MSF: Médecins Sans Frontières; HAZ: height-for-age Z-score; MUAC: mid-upper-arm circumference; WHZ: 
weight-for-height z-score. 

a We calculated P-values using Pearson χ2-test. 

b A MUAC measurement at admission was not recorded for 15 children (0.1%). 

c See Table 1 for definitions of the different categories of nutritional status.  
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Table 3. Cox regression analysis for predictors of mortality in children aged 6–59 months with marasmus, kwashiorkor and 
severe acute malnutrition admitted to two inpatient facilities in Katsina, Nigeria, 2022 
Predictor With marasmusa  With kwashiorkorb  With severe acute malnutrition (both 

marasmus and kwashiorkor) 
Crude HR (95% CI) aHR (95% CI)c  Crude HR (95% CI) aHR (95% CI)c   Crude HR (95% CI) aHR (95% CI)c  

Type of admission  
Direct Reference –  Reference –  Reference – 
Transfer 0.97 (0.84–1.13) –  0.82 (0.67–1.01) –  0.93 (0.82–1.05) – 
Local government area 
Not supported by MSF Reference –  Reference –  Reference – 
Supported by MSF 0.93 (0.79–1.09) –  1 (0.78–1.27) –  0.93 (0.82–1.07) – 
Sex 
Female Reference Reference  Reference Reference  Reference Reference 
Male 0.81 (0.70–0.94) 0.82 (0.71–0.95)  0.88 (0.72–1.08) 0.95 (0.78–1.17)  0.84 (0.74–0.95) 0.87 (0.77–0.98) 
Age, months 
6–23 Reference Reference  Reference Reference  Reference Reference 
24–59 1.9 (1.63–2.20) 1.74 (1.50–2.03)  0.83 (0.66–1.04) 0.92 (0.73–1.16)  1.52 (1.35–1.72) 1.89 (0.65–5.44) 
Nutritional status at admissiond 
MUAC only Reference Reference  NA NA  Reference Reference 
WHZ only 2.14 (1.23–3.75) 1.93 (1.10–3.39)  NA NA  2.13 (1.22–3.73) 1.94 (0.91–4.15) 
WHZ and MUAC 2.34 (1.38–3.98) 2.07 (1.22–3.53)  NA NA  2.32 (1.36–3.94) 2.13 (1.06–4.31) 
Oedema NA NA  Reference Reference  1.23 (0.68–2.23) 1.82 (0.70–4.72) 
Oedema and MUAC NA NA  0.98 (0.53–1.80) 0.91 (0.49–1.67)  1.21 (0.57–2.56) 2.26 (0.60–8.53) 
Oedema and WHZ NA NA  3.64 (2.58–5.12) 3.31 (2.35–4.68)  4.5 (2.57–7.89) 5.71 (2.59–12.6) 
Oedema, WHZ and MUAC NA NA  2.45 (1.81–3.33) 2.07 (1.52–2.83)  3.04 (1.77–5.21) 3.37 (1.61–7.05) 
Major clinical complications  
None (failed appetite test) Reference Reference  Reference Reference  Reference Reference 
Moderate or severe dehydration 1.17 (0.92–1.49) 1.18 (0.92–1.52)  1.5 (1.05–2.15) 1.49 (1.03–2.15)  1.26 (1.03–1.53) 1.28 (1.04–1.57) 
Fever (temperature > 38.5 °C) 0.65 (0.54–0.78) 0.73 (0.60–0.88)  1.02 (0.80–1.32) 1.08 (0.82–1.41)  0.76 (0.65–0.88) 0.83 (0.71–0.98) 
Hypoglycaemia 2.57 (1.99–3.32) 2.55 (1.96–3.32)  2.62 (1.91–3.60) 2.83 (2.04–3.93)  2.57 (2.11–3.13) 2.61 (2.13–3.20) 
Other 1.35 (0.99–1.84) 1.38 (1.00–1.90)  1.19 (0.79–1.78) 1.19 (0.78–1.81)  1.27 (1.00–1.62) 1.28 (0.99–1.65) 
Major comorbidities 
None (failed appetite test) Reference Reference  Reference Reference  Reference Reference 
Anaemia 0.85 (0.45–1.62) 1.12 (0.59–2.15)  1.39 (0.71–2.73) 1.45 (0.73–2.87)  1.08 (0.68–1.72) 1.32 (0.83–2.11) 
Acute respiratory infection 1.12 (0.66–1.90) 1.34 (0.78–2.31)  2.14 (1.14–4.00) 2.32 (1.23–4.38)  1.44 (0.97–2.14) 1.7 (1.13–2.55) 
Chronic diarrhoea 0.77 (0.50–1.18) 0.99 (0.65–1.53)  1.04 (0.67–1.61) 0.98 (0.63–1.53)  0.9 (0.67–1.22) 1.05 (0.77–1.42) 
Acute watery diarrhoea 0.68 (0.42–1.08) 0.99 (0.61–1.59)  0.99 (0.54–1.81) 0.96 (0.52–1.78)  0.79 (0.56–1.13) 1.04 (0.73–1.50) 
Malaria 0.72 (0.47–1.11) 0.96 (0.61–1.49)  1.05 (0.66–1.67) 1.16 (0.72–1.86)  0.86 (0.63–1.17) 1.07 (0.78–1.48) 
Measles 1.17 (0.73–1.90) 1.40 (0.86–2.29)  2.29 (1.00–5.24) 2.27 (0.98–5.24)  1.41 (0.97–2.05) 1.66 (1.13–2.45) 
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Sepsis 1.27 (0.84–1.93) 1.62 (1.06–2.47)  2.06 (1.37–3.11) 1.97 (1.29–2.99)  1.59 (1.19–2.13) 1.84 (1.36–2.47) 
Other 0.86 (0.54–1.36) 1.12 (0.70–1.80)  1.35 (0.85–2.14) 1.34 (0.83–2.15)  1.08 (0.78–1.50) 1.27 (0.91–1.77) 

aHR: adjusted hazard ratio; CI: confidence interval; HR: hazard ratio; MSF: Médecins Sans Frontières; MUAC: mid-upper-arm circumference; WHZ: weight-for-height z-score. 

a Marasmus is characterized by non-oedematous malnutrition. 

b Kwashiorkor is a form of severe malnutrition causing oedema. 

c Hazard ratio adjusted for sex, age group, nutritional status at admission, major clinical complications and comorbidities.  

d See Table 1 for definitions of the different categories of nutritional status.  
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Fig. 1. Flowchart of children aged 6–59 months with severe acute malnutrition 
admitted to inpatient facilities and children included in analyses, Katsina, 
Nigeria 2022. 
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Fig. 2. Number of children aged 6–59 months with severe acute malnutrition 
admitted to, and weekly case fatality rate within, inpatient facilities in Katsina, 
Nigeria, 2022 

 



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.24.292143 

20 of 20 

Fig. 3. Case fatality rates of children aged 6–59 months with severe acute 
malnutrition by diagnostic criteria and age group admitted to inpatient facilities 
in Katsina, Nigeria, 2022 

 

 
CI: confidence interval; MUAC: mid-upper-arm circumference; WHZ: weight-for-height z-score. 

Notes: Marasmus is characterized by non-oedematous malnutrition. Kwashiorkor is a form of severe 
malnutrition causing oedema. 

 


