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BACKGROUND/OBJECTIVES: Malnutrition underlies 45% of deaths in children under-5 years annually. Children hospitalised with
complicated severe acute malnutrition (SAM) have unacceptably high mortality. We aimed to identify variables from early hospital
admission (baseline factors) independently associated with inpatient mortality in this cohort to identify those most at risk.
SUBJECTS/METHODS: Observational study of 745 children aged 0–59 months admitted with complicated SAM at three hospitals in
Zimbabwe/Zambia. Children underwent anthropometry and clinical assessment by a study physician within 72 h of enrolment, and
caregivers provided sociodemographic data. Children were followed-up daily until discharge/death. A multivariable survival analysis
identified the baseline factors independently associated with mortality.
RESULTS: 70/745 (9.4%) children died in hospital. Age between 6–23 months [aHR 6.53, 95%CI 2.24–19.02], higher mid-upper arm
circumference [aHR 0.73, 95%CI 0.59–0.89], presence of oedema [aHR 2.22, 95%CI 1.23–4.05], shock [aHR 8.18, 95%CI 3.79–17.65],
sepsis [aHR 3.13, 95%CI 1.44–6.80], persistent diarrhoea [aHR 2.27, 95%CI 1.18–4.37], lack of a toilet at home [aHR 4.35, 95%CI
1.65–11.47], and recruitment at one Harare site [aHR 0.38, 95%CI 0.18–0.83] were all independently associated with inpatient
mortality. Oedematous children had a significantly higher birthweight [2987 g vs 2757 g, p < 0.001] than those without oedema;
higher birthweight was weakly associated with mortality [aHR 1.50 95%CI 0.97–2.31].
CONCLUSIONS: Children with oedema, low MUAC, baseline infections, shock and lack of home sanitation had a significantly
increased risk of inpatient mortality following hospitalisation for complicated SAM. Children with high-risk features may require
additional care. A better understanding of the pathophysiology of SAM is needed to identify adjunctive interventions.
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INTRODUCTION
Undernutrition remains a serious global health concern, under-
lying 45% of deaths in children under 5 years, mostly in low-
income countries [1]. This has led the United Nations to declare a
decade of action on nutrition, to reduce this mortality and
morbidity burden by 2025 [2]. Severe acute malnutrition (SAM) is
the form of undernutrition with the highest case fatality rate. It is
characterised by wasting (very low weight-for-height or low mid-
upper arm circumference (MUAC)), or bilateral nutritional oedema
irrespective of the degree of wasting. SAM can be managed
through therapeutic feeding in the community among children
without clinical complications, but those with no appetite, severe
oedema, medical complications, or clinical danger signs are
categorised as having complicated SAM and are managed as
inpatients. Complicated SAM is characterised by extensive
enteropathy, immune dysfunction, inflammation and infections,
with dysregulated metabolic pathways and extensive organ

dysfunction [3, 4]. In these sickest patients, the World Health
Organization (WHO) guidelines for nutritional rehabilitation are
followed [5], which are based on recommendations first intro-
duced in 1999 [6]. Despite SPHERE standards aiming for mortality
of <10% as a minimum in a humanitarian setting [7], the observed
inpatient mortality remains between 10–40% in many settings in
sub-Saharan Africa [8]. Our recent systematic review demon-
strated an average inpatient mortality of 15.7% among children
hospitalised with SAM across 19 studies across eight different sub-
Saharan African countries published post-2000 [9].
The causes of death among children hospitalised with SAM are

dominated by symptomatic infections such as septicaemia, lower
respiratory tract infection, and diarrhoea [10]. However, limited
diagnostics in many settings with a high burden of SAM mean the
cause of death is often not ascertained, and asymptomatic
pathogen carriage is common among both adequately-nourished
and undernourished children in low-income, high-pathogen
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environments [11]. The presence of diarrhoea significantly
increases the risk of mortality [12]. Diarrhoea may be caused by
enteropathogens such as shigella, cholera, or rotavirus, or occur
secondary to lactose intolerance precipitated by the enteropathy-
infection cycle [13, 14]. Children admitted with malnutrition have
significantly more positive blood cultures than children without
malnutrition [15, 16], and a higher number of pathogens initially
labelled as ‘contaminants’, suggesting that immune compromise
and microbial translocation secondary to malnutrition could
increase susceptibility even to commensal organisms [17].
Pneumonia was associated with 2-fold higher inpatient mortality
in our recent meta-analysis [9]. HIV is a significant risk factor for
death in multiple studies; in addition to increasing susceptibility to
infection through immunosuppression, children with concurrent
HIV and SAM may have exaggerated inflammatory and metabolic
perturbations [18]. Children with SAM who die are more likely to
have deranged electrolytes [19], which could reflect the severity of
sepsis, or be a consequence of severe diarrhoea. Finally, those
admitted with malnutrition often have co-morbidities including
HIV and cerebral palsy, which may contribute both to the
malnourished state and the cause of death [15].
Despite the high worldwide mortality burden, studies reporting

the factors associated with inpatient mortality in children with
SAM remain limited: of the 19 studies since 2000 which were
included in our meta-analysis, the mean number of children was
360; over three-quarters were single-centre studies and under half
(8/19) were prospective studies [9]. Understanding the risk factors
for mortality in different settings may help to define the
population of children at highest risk, and provide insights into
the mechanisms underlying inpatient mortality. Such inpatient risk
factors may have longer-term implications for post-discharge
mortality, morbidity and convalescent care in the community for
children who survive hospitalisation [20]. Here, we report the
variables from early hospital admission (‘baseline factors’)
associated with inpatient mortality in a large, prospective, multi-
centre study of children admitted to hospital with complicated
SAM in Zimbabwe and Zambia.

MATERIALS AND METHODS
Study design
This study utilises the inpatient data from the Health Outcomes,
Pathogenesis and Epidemiology of Severe Acute Malnutrition (HOPE-
SAM) study. This observational cohort study, conducted between July 2016
and March 2019, recruited children aged 0–59 months hospitalised with
complicated SAM in Harare Central Hospital and Parirenyatwa Hospital in
Harare, Zimbabwe, and University Teaching Hospital (UTH) in Lusaka,
Zambia. The full study design has been described elsewhere [4]. The
protocol, standard operating procedures, and case report forms are
available at https://osf.io/29uaw/.

Participants
Eligible participants were children aged 0–59mo, admitted to one of the
study hospitals with WHO SAM criteria: weight-for-height Z score (WHZ)
≤−3 using WHO growth standards, mid-upper arm circumference
(MUAC) < 115mm (for children aged >6mo), and/or bilateral pedal
oedema [5]. Caregivers who did not provide written informed consent or
did not wish to know their child’s HIV status, and children with known
malignancy, were ineligible. Children were only enrolled during their first
hospitalisation if they were admitted more than once in the study period.

Baseline data
Participants had a comprehensive baseline assessment administered by a
member of the clinical study team including a caregiver questionnaire to
capture data on medical history, family history, and sociodemographic
variables; weight, length/height, MUAC and body composition measure-
ment using standardised methods; age-appropriate HIV testing; and full
blood count measurement. Baseline clinical data were collected by a study
doctor during examination of the child following enrolment. If the child
was enrolled at the weekend, the first assessment by the study physician

could be up to 72 h after enrolment; children with a baseline clinical
examination after 72 h were excluded from this analysis. A brief summary
is included in Supplementary Tables 1–3. The full list of available variables
is shown in Form 4 [baseline health data], Form 5 [sociodemographic data],
and Form 7 [clinical review by doctor], available at https://osf.io/29uaw/.

Clinical management
Children were treated according to WHO guidelines [5]. Clinical management
was conducted by ward teams, but children were reviewed daily by the study
physician to collect data and to advise on management. At UTH in Zambia,
children were admitted to a single closed unit for children with SAM, with
dedicated staff and unit protocols. At Harare Central and Parirenyatwa
Hospitals, Zimbabwe, children were admitted to the nutrition bay of several
paediatric wards, and managed by shared teams with no single protocol,
although country guidelines are based on the WHO 10-step approach.

Study outcome
The primary outcome for this analysis was all-cause mortality during
hospitalisation (i.e. between study enrolment and discharge from hospital);
children who died after admission but prior to study enrolment were not
included in this study. Children were followed up with daily study
physician assessments, until the day of discharge, death, or withdrawal
from the study. Participants who withdrew from the study after enrolment
were censored at time of withdrawal.

Statistical Analysis
We first selected a set of baseline variables based on their plausible
association with inpatient mortality (Supplementary Fig. 1). Variables with
>10% missing data, or fewer than 10 children in each category of the
variable, were excluded. Differences between sites in each variable were
tested using ANOVA. Individual variables were first univariably tested for
association with mortality by Cox’s proportional hazards model. Age
categories of <6mo, 6–23mo and 24–59mo were used, consistent with
other studies [19, 21–23]. Selection of variables for inclusion in the final
Cox proportional hazards model used backwards stepwise elimination,
with an exit value of p > 0.10. Significance for independent association
with inpatient mortality was set at p < 0.05.
Validation of the selection of variables in the final Cox proportional

hazards model was conducted using bootstrap replicates, with the number
of replicates set at 10 times the number of observations in the study. Each
bootstrap replicate underwent backwards stepwise elimination in the Cox
proportional hazards model with an exit value of P > 0.10. Variables which
appeared in 50% of the bootstrap samples were carried forward to the final
model, consistent with cut-offs used in other studies using bootstrapping
for validating variable selection [24, 25]. Performance at this level has been
shown to be comparable to backwards elimination [26]. The bootstrap
model was then compared with the backwards elimination model for
validation, ensuring both models produced concordant results. A
sensitivity analysis was conducted by imputing data using multiple
imputation for baseline variables with a missingness of <10%, and
assessing any changes in the inference of the results.
Analyses were carried out using STATA (StataCorp. 2021. Stata Statistical

Software: Release 17. College Station, TX: StataCorp LLC).

Sample size
The sample size calculation for HOPE-SAM was based on recruiting up to
800 children, assuming 15% mortality and 15% loss to follow-up, which
would provide >80% power to detect absolute differences of 17% in binary
outcomes or 0.33 standard deviations for continuous outcomes between
HIV-positive children with SAM and HIV-negative children with SAM,
assuming an HIV prevalence of 40% [4].

RESULTS
The enrolment flow is shown in Fig. 1. Of 745 children enrolled, 70
(9.4%) died in hospital, and 26 (3.5%) withdrew from the study and
their data were censored at time of withdrawal; 649 children were
discharged from hospital. 681/745 children (91.4%) had full
baseline clinical data available from a study physician assessment
within 72 h of enrolment. The children who withdrew did not have
significantly different age, MUAC, WHZ score, HIV status, oedema,
or sex (data not shown).
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The baseline characteristics of study participants are shown in
Table 1. During the study period, mortality was higher at UTH than
at Harare Central or Parirenyatwa Hospitals, with half (54%) of all
participant deaths occurring there. Children admitted to the
Zambian site had significantly lower WHZ and mid-upper-arm
circumference, were less likely to have oedematous SAM, were
more likely to have HIV, and spent longer in hospital until
discharge or death, compared with children admitted to the
Zimbabwean sites.

Univariable results
Univariable analysis is shown in Table 2. Children aged 6–23mo
were significantly more likely to die as an inpatient than those
aged 0–6mo or 24–59mo [HR 2.93, 95%CI 1.18–7.29], p= 0.021].
Children admitted to Harare Central Hospital in Zimbabwe had a
lower inpatient mortality compared with other sites [HR 0.34, 95%
CI 0.16–0.79]. A higher MUAC was strongly associated with
reduced inpatient mortality, with a 24% reduction in mortality per
1 cm increase in MUAC [HR 0.76, 95%CI 0.65–0.87, p < 0.001].
Similarly, each one unit increase in WHZ was associated with a
20% decreased risk of death [HR 0.80, 95%CI 0.71–0.90, p < 0.001].
Of the clinical signs, symptoms and diagnoses recorded by the
study physician at baseline, eight were associated with mortality:
shock [HR 7.68, 95%CI 4.06–14.51, p < 0.001], acute diarrhoea [HR
1.97, 95%CI 1.10–3.52, p= 0.02], persistent diarrhoea [HR 2.86,
95%CI 1.44–5.72], lack of appetite [HR 2.07, 95%CI 1.15–3.72.
p= 0.015], pneumonia [HR 2.02, 95%CI 1.15–3.54, p= 0.014],
hypothermia [HR 2.40, 95%CI 1.18–4.89, p= 0.016], respiratory
distress [HR 1.88, 95%CI 1.08–3.25, p= 0.025], and sepsis [HR 3.34,
95%CI 1.83–6.10, p < 0.001]. Maternal HIV [HR 1.57, 95%CI
0.97–2.56, p= 0.069] and not having access to any type of toilet
in the household [HR 2.21, 95%CI 0.91–4.92, p= 0.081] both
showed weak evidence of association with child mortality. In
univariable analysis, presence of oedema was not significantly
associated with increased mortality. There was weak evidence that
children with HIV had a higher inpatient mortality than those
without HIV [HR 1.58, 95%CI 0.98–2.62, p= 0.06].

Multivariable analysis
The backwards elimination model included 11 baseline variables
in the final Cox proportional hazards model, of which 8 were
significantly independently associated with mortality (Fig. 2).

Children aged 6–23 months, compared with older children
(24–59 months), had 6-fold higher mortality [aHR 6.53, 95%CI
2.24–19.02, p= 0.001]. Children managed at Harare Central
Hospital, compared with other sites, had 62% lower mortality
[aHR 0.38, 95%CI 0.18–0.83; p= 0.014]. Children with oedematous,
compared to non-oedematous, SAM had 2-fold higher mortality
[aHR 2.22, 95%CI 1.23–4.05, p= 0.009]. Every 1 cm rise in MUAC
was associated with a 27% reduction in mortality [aHR 0.73, 95%CI
0.59–0.89, p= 0.002]. Three clinical factors were associated with
increased mortality: presence of shock [aHR 8.18, 95%CI
3.79–17.65, p < 0.001], persistent diarrhoea [aHR 2.27, 95%CI
1.18–4.37, p= 0.014], and sepsis [aHR 2.13, 95%CI 1.44–6.80,
p= 0.001]. Finally, having no toilet at home was associated with
4-fold increased mortality, compared to children from households
with an improved toilet [aHR 4.35, 95%CI 1.65–11.47, p= 0.003].
Hypothermia, pneumonia, and birthweight were retained in the

final model (p < 0.10) but had weak evidence of association with
mortality (Table 2). The validation approach using bootstrap
sampling identified the same 11 variables for inclusion in the final
model, and the same 8 factors were independently associated
with inpatient mortality (Supplementary Table 5). The final model
included 624 children with full clinical data collected within
72 hours of enrolment (Fig. 1/Supplementary Table 4). A sensitivity
analysis using multiple imputation for missing variables did not
change the inference of the findings (data not shown).

DISCUSSION
We identified eight characteristics present during early hospital
admission that were independently associated with subsequent
inpatient mortality among children admitted with complicated
SAM to three hospital sites in Zimbabwe and Zambia. Presence of
oedema and low MUAC were both associated with increased
mortality, and children aged 6–23mo had higher mortality than
younger and older children. Three baseline clinical presentations
were associated with mortality: shock, persistent diarrhoea, and
sepsis. Mortality differed between sites in this study, and children
living in households without access to an improved toilet had
higher mortality than those with an improved toilet at home.
Collectively, these findings from a large, observational, multi-
centre, prospective study in two southern African countries
identify children with the highest risk of dying in hospital, who

755 children 
enrolled

750 included in 
study

745 included in 
analysis

5 children excluded:
3 ineligible, 2 co-enrolled in 
another study

5 have no baseline data:
2 died, 3 exited before baseline 
data

Univariable analysis

745 with 
demographics & 
anthropometry

649 discharged 
from hospital

96 exited as inpa�ent:
70 died in hospital
26 withdrew consent

Mul�variable analysis

624 with full data 
in mul�variable model
- Of these, 56 died

121 children had missing data:
64 missing clinical data (not reviewed within 
72 hours by clinician)
53 missing birthweight
4 missing toilet type

Fig. 1 Enrolment in HOPE-SAM study. Flow diagram of children recruited in the HOPE-SAM study.
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Table 1. Baseline characteristics.

Zimbabwe Zambia

Baseline data Harare Central Hospital Parirenyatwa UTH p-valuea

n 277 226 242

Inpatient mortality, n 9 (3.2%) 23 (10.2%) 38 (15.7%) <0.001

Participant withdrew, n 8 (2.9%) 2 (0.9%) 16 (6.6%) 0.06

Time until death/discharge, days; mean ± SD 8.3 ± 8.6 9.3 ± 9.7 13.1 ± 7.9 <0.001

Age, mo ± SD 19.3 ± 8.8 18.4 ± 9.4 17.8 ± 7.7 0.92

Male, n (%) 155 (55.6%) 103 (45.6%) 132 (54.5%) 0.012

Nutritional status

Length, mean (cm) ± SD 73.0 ± 2.9 72.2 ± 8.0 71.9 ± 6.1 0.22

Weight, mean (kg) ± SD 7.31 ± 1.94 6.96 ± 1.92 6.76 ± 1.45 0.22

WHZ score, mean ± SD −2.67 ± 2.00 −2.88 ± 1.75 −3.21 ± 1.64 <0.001

MUAC, mean (cm) ± SD 12.2 ± 16.5 11.9 ± 16.4 11.3 ± 15.4 <0.001

HAZ score, mean ± SD −3.03 ± 1.68 −2.91 ± 1.49 −3.06 ± 1.47 0.53

Oedematous 193 (69.7%) 145 (64.2%) 142 (58.7%) 0.032

Birthweight (kg), mean ± SD 2.90 ± 0.60 2.88 ± 0.58 2.92 ± 0.64 0.75

Premature cessation of breastfeeding (<12 months) 72/276 (26.1%) 57/226 (25.2%) 64/237 (27.0%) 0.83

Clinical diagnoses

HIV positive 47 (17.0%) 40 (18.0%) 75 (30.1%) <0.001

- On ART 17/47 (36.1%) 19/40 (47.5%) 30/75 (40.0%) 0.76

Maternal HIV 84/264 (31.8%) 68/213 (31.9%) 113/233 (48.5%) 0.83

HIV-exposed uninfected child 42/235 (17.9%) 33/193 (17.1%) 49/193 (25.4%) 0.13

Pneumoniab 35/251 (13.9%) 34/201 (16.9%) 22/229 (9.6%) 0.17

Urinary tract infectionb,c 1/251 (0.4%) 3/201 (1.5%) 0/229 (0%) 0.33

Dermatosisb 50/251 (20.0%) 33/201 (16.4%) 48/229 (21.0%) 0.71

Sepsisb 15/251 (6.0%) 15/201 (7.5%) 17/229 (7.4%) 0.52

Meningitisb,c 0/251 (0%) 1/201 (0.5%) 0/229 (0%) N/A

Clinical signsb

Shock 12/251 (4.8%) 12/201 (6.0%) 6/229 (2.6%) 0.26

Hypothermia 19/251 (7.6%) 24/201 (11.9%) 4/229 (1.8%) 0.015

Hypoglycaemiac 2/251 (0.8%) 4/201 (2.0%) 0/229 (0%) <0.001

Fever 129/251 (51.4%) 105/201 (52.2%) 90/229 (39.3%) 0.010

Diarrhoea: acute 105/251 (41.8%) 90/201 (44.8%) 67/229 (29.5%) 0.001

Diarrhoea: persistent 40/251 (15.9%) 25/201 (12.4%) 33/229 (14.4%) 0.15

Dehydration 51/251 (20.3%) 45/201 (22.4%) 40/229 (17.5%) 0.36

Cough 121/251 (48.1%) 102/201 (50.7%) 70/229 (30.6%) 0.001

Oral thrush 66/251 (26.3%) 42/201 (20.9%) 19/229 (8.6%) <0.001

Lack of appetite 151/251 (60.2%) 104/200 (52.0%) 143/228 (62.7%) 0.61

Seizuresc 4/251 (1.6%) 4/201 (2.0%) 1/227 (0.4%) 0.46

Home environmentd

Residence: Urban 210/274 (76.6%) 159/226 (70.4%) 82/239 (34.3%) <0.001

Toilet availability: None 15/275 (5.5%) 10/226 (4.4%) 5/237 (2.1%) 0.005

Toilet availability: unimprovede 3/275 (1.1%) 3/226 (1.3%) 51/237 (21.5%) <0.001

Toilet availability: improved 257/275 (93.5%) 213/226 (94.2%) 181/237 (76.4%) 0.005

Number of other children <5y in household, ± SD 1.51 ± 0.72 1.44 ± 0.66 1.56 ± 0.97 0.46
aDifferences between sites tested using ANOVA test.
bConditions were recorded by the study physician following history, examination of the child, and review of diagnostic tests undertaken as part of their
routine clinical care.
cDue to fewer than 10 cases per variable, hypoglycaemia (n= 6), meningitis (n= 1), seizures (n= 9), and urinary tract infection (n= 4) were not carried forward
to the multivariable analysis.
dReported by caregiver questionnaire.
eUnimproved toilets include: Flush/pour flush to elsewhere (not into a pit, septic tank, or sewer), pit, latrine without slab, bucket latrines, hanging toilet/latrine,
no facilities/bush/field/flying toilets (open defecation).
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Table 2. Univariable and multivariable associations between baseline factors and in-patient mortality.

Died in Hospital Univariable
Unadjusted Hazard
Ratio

p-value Multivariable Adjusted Hazard
ratio (aHR) following backwards
elimination

p-value

Yes No

Age: (n)

<6mo 1 19 0.75 [0.09–6.49] 0.80

6–23mo 64 525 2.93 [1.18–7.29] 0.021 6.53 [2.24–19.02] 0.001

24–59mo 5 131 1

Continuous: age, mean; mo
(included for information only)

15.3 18.9 0.96 [0.93–0.99] 0.017

Sex: (n)

Male 35 355 1

Female 35 320 1.17 [0.73–1.87] 0.52

Site: (n)

Zimbabwe: Harare Central 9 268 0.34 [0.16–0.79] 0.003 0.38 [0.18–0.83] 0.014

Zimbabwe: Parirenyatwa 23 203 0.90 [0.53–1.53] 0.70

Zambia: UTH 38 204 1

Time in Hospital, days;
mean (SD)

9.99 ± 14.9 10.1 ± 8.1 N/Aa

Anthropometry

WHZ, mean (SD) −4.01 ± 1.69 −2.79 ± 1.80 0.80 [0.71–0.90] <0.001

MUAC, cm; mean (SD) 10.6 ± 1.3 11.9 ± 1.7 0.76 [0.65–0.87] <0.001 0.73 [0.59–0.89] 0.002

HAZ, mean (SD) −3.15 ± 1.68 −2.98 ± 1.55 1.03 [0.89–1.20] 0.66

Oedema: Yes 44 436 1.27 [0.78–2.09] 0.34 2.22 [1.23–4.05] 0.009

No 26 236 1

Signs/Symptoms:

Presence of Shock: Yes 12 18 7.68 [4.06–14.51] <0.001 8.18 [3.79–17.65] <0.001

No 49 602 1

Hypothermia: Yes 9 38 2.40 [1.18–4.89] 0.016 2.13 [0.91–5.01] 0.082

No 52 582 1

Hypoglycaemia: Yes 3 3 0.99 [0.97–1.01] 0.51

No 56 574 1

Fever: Yes 32 292 1.25 [0.76–2.07] 0.38

No 29 328 1

Diarrhoea: None 20 301 1

Acute 27 235 1.97 [1.10–3.52] 0.02

Persistent 14 84 2.86 [1.44–5.72] 0.003 2.27 [1.18–4.37] 0.014

Dehydration: Yes 24 37 1.01 [0.95–1.07] 0.71

No 37 507 1

Cough: Yes 30 263 1.10 [0.67–1.83] 0.70

No 31 357 1

Oral Thrush: Yes 47 505 0.99 [0.87–1.13] 0.90

No 14 113 1

Lack of Appetite: Yes 46 352 2.07 [1.15–3.72] 0.015

No 15 266 1

Respiratory distress: Yes 20 86 1.88 [1.08–3.25] 0.025

No 41 534 1

Abnormal Heat Rate: Yes 7 55 1.22 [0.55–2.74] 0.62

No 42 474 1

Seizures: Yes 1 8 1.01 [0.99–1.03] 0.32

No 59 609 1

Diagnosis
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may require additional monitoring and/or adjunctive interventions
to reduce their risk of mortality.
Age and nutritional status were associated with mortality.

Children aged 6–23 months were significantly more likely to die
than older or younger children. This may partly reflect differences
in the pathophysiology of SAM between ages. Children under six

months, who are predominantly breastfed, may have different
underlying causative factors including prematurity, intra-uterine
growth restriction or congenital anomalies [27]. However, due to
the small numbers in the under-six-month group (n= 20, of
whom one died), it was not possible to stratify analyses to explore
whether risk factors for mortality differed at this age. Young

Table 2. continued

Died in Hospital Univariable
Unadjusted Hazard
Ratio

p-value Multivariable Adjusted Hazard
ratio (aHR) following backwards
elimination

p-value

Yes No

Pneumonia: Yes 18 73 2.02 [1.15–3.54] 0.014 1.78 [0.93–3.44] 0.083

No 43 547

UTI: Yes 1 3 0.96 [0.66–1.39] 0.83

No 60 614 1

Dermatosis: Yes 18 113 0.99 [0.91–1.09] 0.91

No 43 505 1

Sepsis: Yes 14 33 3.34 [1.83–6.10] <0.001 3.13 [1.44–6.80] 0.001

No 47 587 1

Meningitis: Yes 0 1 N/A

No 61 618

TB: Yes 19 127 0.97 [0.79–1.20] 0.79

No 42 491

Medical History:

HIV: Yes 27 135 1.60 [0.98–2.62] 0.06

No 43 540

(of these): On ART: Yes 19 47 3.70 [1.62–8.46] 0.002

No 8 88 1

Premature: Yes 9 91 0.94 [0.62–1.41] 0.75

No 59 569 1

Previous SAM Admission:
Yes

10 97 0.72 [0.35–1.46] 0.36

No 55 563 1

Cerebral Palsy: Yes 2 30 0.51 [0.13–2.10] 0.35

No 59 589

Child HIV exposed,
uninfected: Yes

13 111 1.12 [0.61–2.05] 0.71

No 57 564

Birthweight (kg, mean): 2.96 ± 0.60 2.90 ± 0.61 1.22 [0.81–1.83] 0.34 1.50 [0.97–2.31] 0.065

Family History

Maternal HIV: Yes 37 228 1.57 [0.97–2.56] 0.069

No 31 414 1

# of children in home, mean 1.41 1.54 0.81 [0.57–1.15] 0.25

Prem. Cessation br’feeding:
Yes

20 173 1.15 [0.68–1.94] 0.60

No 48 498 1

Residence: Urban 37 414 1

Peri-urban 22 153 0.67 [0.33–1.33] 0.26

Rural 10 103 0.70 [0.30–1.63] 0.41

Toilet: None 6 24 2.12 [0.91–4.92] 0.081 4.35 [1.65–11.47] 0.003

Unimproved 5 52 0.75 [0.30–1.88] 0.54

Improved 58 593 1

Results show the hazard ratio, and the 95% confidence interval, along with the associated p value. Results bolded in multivariable analysis have an adjusted
hazard ratio (aHR) with a p < 0.05. All aHR values with a p < 0.10 are included in the final model. Variables not meeting the p < 0.10 cut-off during stepwise
elimination are not included in the multivariable model.
anot available (N/A) as the time is used for the proportional hazard ratio.
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infants also are not classified with SAM based on MUAC, so
classification of SAM below 6 months may identify a different
group of children compared to other ages. Older children
(24–59mo) may have differences in physiological reserve, body
composition or aetiology compared to younger children. Higher
MUAC was associated with lower inpatient mortality, with each
1 cm increase associated with a 27% mortality reduction. The
selection of MUAC over WHZ following backwards elimination in
the final model reflects the strong co-linearity between these two
variables (Pearson correlation coefficient = 0.67, p < 0.01), and
may represent the fact that MUAC is more sensitive than WHZ at
detecting SAM in the 6–23 month age group [28], while WHZ can
be difficult to interpret in children with oedema. Other studies
which found WHZ to be independently predictive of mortality did
not include MUAC [29, 30]. In the absence of MUAC, WHZ would
have remained a significant independent predictor of inpatient
mortality in our study [aHR 0.83, 95%CI 0.70–0.98, p= 0.035] (with
other factors being retained).
Presence of oedema was associated with 2-fold higher inpatient

mortality in multivariable but not in univariable analyses. Although
a relationship between oedema and mortality is consistent with
several studies [12, 31], other smaller cohorts have not identified
oedema as a risk factor [19, 21, 32], and in meta-analysis oedema
was not associated with mortality [9]. Oedematous SAM typically
presents more acutely than non-oedematous SAM. MUAC remains
a significant predictor of mortality in children with oedema,
highlighting the independent contribution of sarcopenia to
mortality, regardless of oedema status. This distinction was drawn
in previous definitions of severe malnutrition, which included
wasting (marasmus), oedema (kwashiorkor), and oedematous
wasting (marasmic-kwashiorkor), with the latter group noted to
have the highest mortality [33]. The mechanism underpinning
oedema remains poorly understood. Some studies have sug-
gested that distinct epigenetic programming in protein, amino
acid, and/or lipid metabolism leads some children, but not others,
to develop oedema in response to the same nutritional insult
[34, 35]. A retrospective study from Jamaica suggested that
prenatal or intrauterine factors contribute, since children with
oedematous malnutrition had significantly higher birthweight

than children with non-oedematous malnutrition [36]. In our
cohort, children with oedema also had significantly higher
birthweight than children without oedema (mean 2987 g v
2757 g, p < 0.001), even after adjusting for HIV, prematurity and
sex, consistent with the hypothesis that intra-uterine factors alter
the subsequent physiological response to malnutrition. We found
some evidence that increased birthweight was associated with
higher mortality in this cohort [aHR 1.50, 95%CI 0.97–2.31,
p= 0.065], after adjusting for oedema. Whether this reflects an
increased risk of inpatient mortality in those with higher
birthweight who develop SAM, earlier mortality in infants with
lower birthweight prior to developing SAM, or different manage-
ment strategies in these children requires further study.
Several clinical variables demonstrated a strong association with

mortality. The presence of shock was associated with 8-fold
increased mortality. Shock arises from a variety of causes including
sepsis, dehydration, and heart failure, all of which are common in
children with complicated SAM [9]. Given the multifactorial causes
of complicated SAM, and the severity of the condition, it is
unsurprising that shock was associated with the highest hazard of
death in this cohort, similar to the studies included in our recent
meta-analysis of inpatient mortality [9]. Children with shock
tended to die early during hospitalisation (Fig. 2D). Presence of
persistent diarrhoea could represent chronic infection or entero-
pathy, and causes loss of nutrients, dehydration, and a vicious
cycle of enteropathy, impaired mucosal healing, and malnutrition
[37]. Although persistent diarrhoea is classified as three or more
loose or watery stools a day for at least 14 days, our baseline data
relied on caregiver recall. Diarrhoea frequently complicates SAM,
and independently predicted mortality in our meta-analysis of six
studies of children with SAM [9]. For this study we distinguished
persistent diarrhoea from acute diarrhoea, and only persistent
diarrhoea significantly independently predicted mortality.
Since children with SAM frequently die of symptomatic

infections [38], it was not unexpected that sepsis independently
predicted inpatient mortality. There was weaker evidence for
pneumonia predicting mortality. It has been noted that the
causative organisms of sepsis and pneumonia in malnourished
children may differ from well-nourished children [39, 40]. This
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situation is compounded by the lack of microbiology laboratory
facilities to identify organisms and resistance patterns in many
clinical settings. Further study is needed on alternative first-line
antibiotic regimens, and when to switch empirically to second-line
antibiotics.
Not having access to a toilet was significantly independently

associated with mortality. Whilst this may represent an increased
mortality risk directly associated with lack of sanitation, several
recent WASH trials found no reductions in diarrhoea following
installation of improved sanitation [41, 42], and this variable may
be a proxy for more complex socioeconomic factors associated
with poverty. Since this factor is not a clinical characteristic per se,
further studies of this association could be valuable to inform
preventative household-level interventions for complicated SAM
and the associated mortality risk when these children require
hospital admission.
In children who survived to discharge and for whom vital status

was known one-year post-discharge (n= 608, 93.7% of those
discharged), our previous analyses showed that lack of oedema
[aHR 2.23, 95%CI 1.24–4.01], presence of HIV [aHR 3.83, 95%CI
2.15–6.82], ongoing low WHZ score/low MUAC [aHR 2.28, 95%CI
1.22–4.25], and cerebral palsy [aHR 5.60, 95%CI 2.72–11.50] were
all independently associated with post-discharge mortality [20].
This contrasts with the current inpatient results, especially with
regard to presence of oedema, and may suggest that different
processes underlie longer-term mortality: those with oedema tend
to die earlier, as an inpatient, whilst sarcopenia and long-term
wasting are associated with later mortality.
Finally, there were significant differences in risk of inpatient

mortality between hospital sites. The inpatient mortality at UTH,
Zambia was 5-fold higher than at Harare Central Hospital,
Zimbabwe. This may partly reflect the different demographics
among children admitted to UTH, including a lower WHZ score,
lower MUAC, higher HIV prevalence, and higher rural or peri-urban
residence, compared with those admitted to Zimbabwean sites.
The length of stay was longer in UTH at 13 days, compared with
8–9 days for the sites in Zimbabwe (p < 0.01), which increased the
time at risk for inpatient mortality, and may reflect more severely
ill children presenting in Zambia. It is notable that outpatient
mortality was somewhat higher for the children admitted to
Zimbabwean sites, suggesting that earlier discharge may simply
alter the timing of death [20], but other factors such as seasonality,
may also be reflected.
This is the largest prospective study examining independent

factors associated with inpatient mortality among children with
complicated SAM since WHO guidelines were introduced in 2000,
and the second largest overall, including older studies [9]. The
study had full data available for 624/745 (83.8%) participants, all of
whom were included in the final analysis; however, we lacked full
data for 14 of the 70 (20%) deaths due to early mortality
(Supplementary Table 4). Some prior studies had full data on
fewer than half of participants, reducing their power significantly
[30]; a key consideration for a condition which is characterised by
clinical heterogeneity and high case fatality. Limitations of our
study include delays in recruiting children after hospitalisation,
due to the time taken for caregivers to consider enrolment, which
means that early deaths (<24 h) were typically not included, and
the study population is therefore not reflective of all children with
SAM presenting to hospital. The mortality in the HOPE-SAM cohort
(9.4%) was just below the SPHERE standard for humanitarian
settings of 10% [7], but above the WHO standard of 5% [5], and
likely underestimated overall mortality because the highest-risk
children died prior to enrolment in the study. Additionally, there
was a lack of diagnostic testing to identify pertinent additional risk
factors. Although being the largest prospective study, some
variable categories still had small numbers of children. Finally, to
select variables for the multivariable model we used backwards
stepwise regression. Although we did validate it with a

bootstrapping approach, this stepwise method has been criticised
for potentially allowing some true explanatory variables to drop
out, and allowing nuisance variables (those statistically significant
but unrelated to the underlying processes) to be selected in [43].
Children hospitalised with complicated SAM continue to have

unacceptably high inpatient mortality [9]. The variables
independently predicting mortality in this study highlight the
multifactorial nature of the disease, and those children most at
risk of death following admission with SAM. Further work is
required to gain a better understanding of the underlying
pathophysiology of SAM to target interventions to children at
highest risk.
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