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Background—Severe anaemia is associated with high in-hospital mortality among young
children. In malaria-endemic areas, surviving children also remain at increased risk of mortality
for several months after hospital discharge. We aimed to compare the risks of morbidity and
mortality among children discharged from hospital after recovery from severe anaemia versus
other health conditions in malaria-endemic settings in Africa.

Methods—~Following PRISMA guidelines, we searched PubMed, Scopus, Web of Science, and
Cochrane Central from inception to Nov 30, 2021, without language restrictions, for prospective
or retrospective cohort studies and randomised controlled trials that followed up children younger
than 15 years for defined periods after hospital discharge in malaria-endemic countries in Africa.
We excluded the intervention groups in trials and studies or subgroups involving children with
sickle cell anaemia, malignancies, or surgery or trauma, or those reporting follow-up data

that were combined with the in-hospital period. Two independent reviewers extracted the data
and assessed the quality and risk of bias using the Newcastle Ottawa Scale or the Cochrane
Collaboration’s tool. The coprimary outcomes were all-cause death and all-cause readmissions 6
months after discharge. This study is registered with PROSPERO, CRD42017079282.

Findings—Of 2930 articles identified in our search, 27 studies were included. For children who
were recently discharged following hospital admission with severe anaemia, all-cause mortality
by 6 months was higher than during the in-hospital period (n=5 studies; Mantel-Haenszel odds
ratio 1.72, 95% CI 1.22-2-44; p=0-0020; ~=51-5%) and more than two times higher than
children previously admitted without severe anaemia (n=4 studies; relative risk [RR] 2-69, 95%
Cl 1.59-4-53; p<0-0001; 2=69-2%). Readmissions within 6 months of discharge were also
more common in children admitted with severe anaemia than in children admitted with other
conditions (n=1 study; RR 3-05, 1:12-8-35; p<0-0001). Children admitted with severe acute
malnutrition (regardless of severe anaemia) also had a higher 6-month mortality after discharge
than those admitted for other reasons (n=2 studies; RR=3-12, 2:02—4-68; p<0-0001; £=54.7%).
Other predictors of mortality after discharge included discharge against medical advice, HIV,
bacteraemia, and hypoxia.

Interpretation—In malaria-endemic settings in Africa, children admitted to hospital with severe
anaemia and severe acute malnutrition are at increased risk of mortality in the first 6 months after
discharge compared with children admitted with other health conditions. Improved strategies are
needed for the management of these high-risk groups during the period after discharge.

Introduction

Substantial progress has been made in reducing all-cause child mortality globally in the
past decade, but about 1 in 13 children in sub-Saharan Africa still die before their fifth
birthday.! Severe anaemia and malaria are major contributors to morbidity and mortality
in malaria-endemic areas of Africa.2 Severe anaemia alone accounts for 2-29% of all
paediatric hospital admissions,*~8 and 4-10% of these children die in hospital.” The
causes of severe anaemia are multifactorial and include nutritional causes,1911 and acute
and chronic infections such as malaria, tuberculosis, HIV, bacteraemia, and hookworm
infestations.12
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Studies among children with severe anaemia have focused on interventions to reduce in-
hospital mortality.13-15 However, it is increasingly recognised that the high risk of all-cause
mortality continues after hospital discharge,16-18 with up to 33% of the children dying

or being readmitted within the first 6 months after discharge.”-1° Children admitted with
severe anaemia are believed to constitute an especially vulnerable group of seriously ill
children that remain at high risk after hospital admission because of a wide range of
factors, including clinical, epidemiological, environmental, sociobehavioural, nutritional,
and genetic factors.12:17

The period after discharge is a well recognised risk period for children with severe acute
malnutrition,20-21 but is less studied in children with severe anaemia. Quantification of the
burden of mortality and morbidity after discharge in children recently recovered from severe
anaemia is important for the development of post-discharge management strategies. To aid
in this process, we did a systematic review and meta-analysis to compare the pooled risks

of mortality and readmission after discharge among children admitted with all-cause severe
anaemia versus other health conditions without severe anaemia in malaria-endemic areas of
Africa. We also compared in-hospital mortality against mortality after discharge.

Search strategy and selection criteria

This systematic review and meta-analysis was done in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses statement.22 The protocol was
registered in the International Prospective Register of Systematic Reviews (PROSPERO-
CRD42017079282).

We identified eligible studies by doing a literature search using a combination of search
terms (appendix p 3) in PubMed, Scopus, Embase, Web of Science, and Cochrane Central
from inception to Nov 30, 2021, without language restrictions. We identified other relevant
studies by scanning reference lists of all identified articles and searching in Google and
Google Scholar. Where necessary, authors of published studies were contacted up to three
times for further information.

Eligibility criteria

Prospective or retrospective cohort studies and control groups of individually randomised-
controlled trials (RCTs) were eligible for inclusion if they respected the following criteria:
presented original data with or without comparator groups; included children younger

than 15 years of age admitted with severe anaemia or other health conditions such as
malaria, pneumonia, diarrhoea, malnutrition, and HIV, alone or in combination with severe
anaemia; defined the duration of the post-discharge follow-up; and were conducted in
African countries that are malaria-endemic according to the World Malaria Report 2020.23
The definition of severe anaemia followed the definition used in the source studies (eg,
haemoglobin <5 g/dL or <6 g/dL, clinical requirement for blood transfusion). Severe acute
malnutrition in children was defined as a mid-upper-arm circumference lower than 115 mm,
or a weight-for-height Z score of the WHO Child Growth Standards median of -3 or less.
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Studies or subgroups were excluded if they involved admissions for sickle cell anaemia,
malignancies, surgery, or road accidents and other trauma cases, or reported follow-up data
that were combined with the in-hospital period.

Study selection and data extraction

Two independent reviewers (TKK and ATM) screened titles, abstracts, and full texts of
the identified articles and agreed on the final eligibility. Any disagreement between the
two reviewers was resolved through consensus or after consultation with a third reviewer
(FOtK).

TKK and ATM independently extracted the data using a standardised form and database.
Duplicate records were removed. If required, additional information was obtained from the
authors. In trials or other comparative studies in which interventions were provided, only the
data from the control groups that received the standard of care were included.

Quality assessment

The Cochrane Collaboration’s tool was used to assess the quality and risk of bias of
clinical trials.2* For observational and cohort studies with comparison groups, we used

the Newcastle Ottawa Scale.25 For cohort studies without comparison groups, we used a
modified version of the Newcastle Ottawa Scale that omitted the comparability criteria and
the section on selection of the non-exposed cohort in the selection criteria.

Data analysis

Two primary outcome measures were used, comprising all-cause death or all-cause
readmissions at 6 months after discharge. Secondary outcomes are defined in the appendix
(p 3). The follow-up period after discharge varied from 28 days to 5 years. Follow-up data
beyond 1 year was truncated to less than 12 months for analysis. The method used to
address loss to follow-up was based on the method provided in the source study. If survival
analysis was used, children were censored at the time they were lost before completing 6
months follow-up. In studies reporting risk, children lost to follow-up were excluded from
the denominator.

Data were analysed using STATA version 14.0. DerSimonian and Laird random-effects
meta-analyses were used to generate pooled relative risks (RRs). The Mantel-Haenszel
odds ratio (MHOR) for paired binary outcomes was used to compare in-hospital and
post-discharge mortality rates.26 Hazard ratios (HRs) were used to generate pooled effect
estimates when the original measures were presented as HR.

Heterogeneity was expressed using the 2 statistic and categorised as low if the 2 values
ranged between 0% and 40%, moderate if it ranged between 30% and 60%, substantial

if it ranged between 50% and 90%, and considerable if it ranged between 75% and

100%.27 As part of the sensitivity analysis, the pooled effect estimates using fixed-effect
models (Mantel-Haenszel) are provided in the forest plots. We intended to do subgroup and
sensitivity analyses to establish the influence of study quality, study region, age, and malaria
transmission intensity, but these analyses were not possible because of the small number
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of studies and low heterogeneity in study quality. We aimed to use funnel plots to assess
possible publication bias and small-study effects where ten or more studies were included in
the meta-analysis. However, this analysis was not possible because of the small number of
independent studies that contributed.

Role of the funding source

Results

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Our search identified 2930 articles. After removing duplicates and screening of titles and
abstracts, we further evaluated 82 full-text articles, of which 27 were eligible for inclusion,
including 22 cohort studies (with one being our own unpublished data)17:18.21.28-45 3 five
RCTs*6-50 (figure 1; appendix pp 12—14). The studies were published between 1987 and
2021 and conducted in Kenya (nine studies), Malawi (four studies), Uganda (five studies),
Guinea-Bissau (two studies), Democratic Republic of Congo (two studies), Tanzania (three
studies), The Gambia (one study), Zambia and Zimbabwe (one study), and Mozambique
(one study). One of the studies included is our own unpublished data. The main diagnosis
on admission, henceforth referred to as the main health condition, included severe anaemia
(nine studies), malaria (three studies), pneumonia (four studies), malnutrition (three studies),
and diarrhoea (one study); there were ten other studies in which the main health conditions
were not specified (unspecified health condition). Mortality after discharge ranged from 1%
to 39% on the basis of the total follow-up time after discharge (appendix pp 12-14). The
mean and median duration of follow-up for the primary outcome varied between health
conditions (appendix p 15). Three RCTs were scored as low risk of bias and two open-label
trials as unclear risk of bias (appendix p 16). 21 cohort studies were scored as good quality
and one as poor quality (appendix pp 17, 18).

A meta-analysis of mortality after discharge from 20 studies showed that the crude risk

of all-cause mortality after discharge by 6 months ranged from 2:3% to 18-8% for severe
anaemia, 2-8% to 27-1% for severe acute malnutrition, 0-7% to 9:9% for malaria, 2-3% to
5-6% for pneumonia, and 1-1% to 11-8% for unspecified health conditions (figure 2). The
12-month mortality after discharge by health condition (23 studies) is shown in the appendix
(p 4). Because there was considerable heterogeneity in mortality after discharge between
(£=95.4%) and within health-condition groups (/2>70% for all), a pooled summary risk
obtained by meta-analysis was not calculated.

Among these 22 studies, six reported enough detail to allow direct comparisons by
admission health condition (figure 3; appendix p 19). 6-month mortality after discharge
among children previously admitted with severe anaemia was 2-69 times higher than in
children previously admitted without severe anaemia during the same study period and in
the same hospitals (n=4 studies; RR 2-69, 95% CI 1-59-4.53; p<0-0001; 2=69-2%). Severe
malnutrition was also associated with higher mortality after discharge (n=2 studies; RR
3-12, 2.07-4-68; p<0-0001; ~2=54.7%). However, mortality after discharge among children
admitted with severe pneumonia, malaria, and unspecified health conditions was similar or
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lower than in children admitted for other reasons. Similar trends were observed at 12 months
after discharge (appendix pp 4-5).

When the analysis was repeated as a post-hoc analysis, now excluding children with severe
acute malnutrition from the comparator group, the RR for 6-month mortality after discharge
for children with severe anaemia relative to other children was 2-30 (n=2 studies; 1-11-4-78;
p=0-025; 2=88.2%). There were insufficient data for a similar comparison by 12 months.
For malnutrition, the RR was three times higher by 6 months when compared to a reference
that excluded children with severe anaemia (n=2 studies; RR 3-26, 1-62-6-56; p=0-0010;
£=83.0%). RR was similar by 12 months (n=2 studies; RR 3.26, 2.47—4-30; p<0-0001;
P=0%; appendix p 19).

Children who had both severe anaemia and malaria (ie, severe malarial anaemia) had a
lower risk of mortality after discharge than children with severe anaemia without evidence of
malaria (n=2 studies; RR 0-71, 0-48-0-94; p<0-0001; 2=0%; appendix p 6).

During the in-hospital period, 2369 (5:6%) of 41 945 children died (n=19 studies), ranging
from 0-4% to 13-0% for severe anaemia, and 3-0% to 23-2% for acute malnutrition, 1-0% to
15-1% for malaria, 2:7% to 11.5% for pneumonia, and 1-8% to 12-5% for unspecified health
conditions. Because of the high heterogeneity (/2=96-5%), pooled summary risks were not
calculated (appendix p 7).

13 cohort studies involving a total of 23 600 admissions reported both in-hospital mortality
and mortality after discharge. Overall, across all health conditions pooled, mortality after
discharge by 6 months was not different from in-hospital mortality (MHOR 0-92, 95% CI
0-66-1-28; p=0-63; £2=92-1%). However, there was considerable heterogeneity within and
between health condition subgroups. Among children admitted with severe anaemia, the
odds of mortality were consistently higher in the post-discharge period than during hospital
admission (n=>5 studies; MHOR 1.72, 1.22-2.44; p=0-0020; £=51-5%). This finding was not
observed for any of the other health conditions (figure 4).

Six prospective follow-up studies showed that mortality during the first 6 months after
discharge was nearly five times higher in recently hospitalised children (with any health
condition), relative to otherwise healthy children from the community (n=6 studies; RR
4.88, 2.73-7-03; p<0-0001; £=0%), with the greatest difference among children recently
recovered from severe anaemia (appendix p 8).

11 studies analysed other potential risk factors for mortality after discharge. Risk factors
significantly associated with mortality after discharge in some of these studies included
discharge against medical advice, hypoxia (SPO, <90%), bacteraemia, low haemoglobin

on admission, younger age, previous hospital admission, positive maternal HIV status,

poor anthropometric measurements, reduced consciousness, proteinuria, absence of malaria
parasites on admission, and admission with a chronic disease. HIV positivity was associated
with an increased risk of mortality after discharge in two studies before the widescale
introduction of anti-retroviral therapy (ART), and in six studies after the introduction of
ART (appendix pp 9, 20-32).
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11 studies reported readmissions after discharge for periods ranging between 3 months

to 18 months with wide variations in the reported readmission risk (appendix pp 12-14).
The crude proportion of children readmitted at least once by 6 months was 897 (17-3%)

of 5188 children, ranging from 3-1% to 30-6%, on the basis of seven studies.17-21:37.47-50
Readmisions for severe anaemia at 6 months after discharge was 21-8% and for non-severe
anaemia health conditions was 7:2% in these six studies. Only one study allowed for a
direct comparison of readmission risk between severe anaemia and other health conditions
and reported a three-fold (n=1 study; RR 305, 1-12-8-35; p<0-0001) increased risk by 6
months.’

Because of the observed variation in the duration of follow-up between health conditions
(appendix p 15), a post-hoc sensitivity analysis was done, excluding four studies that had
less than 6 months follow-up. Similar conclusions could be drawn for severe anaemia

and severe acute malnutrition from the sensitivity analysis (n=10 studies; appendix p 10)
compared with the full dataset (n=13 studies; figure 3) regarding the excess risk of mortality
after discharge relative to other health conditions. Similarly, the conclusions remained
unaffected for severe anaemia when comparing in-hospital mortality versus mortality after
discharge (n=5 studies; figure 4; vsn=4 studies; appendix p 11). However, for severe acute
malnutrition, the difference between in-hospital mortality and mortality after discharge was
greater when the analysis was restricted to studies with at least 6 months follow-up (n=1
study; MHOR 1.83, 0:91-3:70; p=0-09; appendix p 11) than with the full sample of four
studies (n=4 studies; MHOR 0-93, 0-27-3-13; p=0-90; figure 4).

Discussion

To our knowledge, this is the first systematic review and meta-analysis comparing the

risk of mortality or readmission after discharge in malaria-endemic areas of Africa by

health condition on admission. Children discharged from hospital after recovery from severe
anaemia or severe acute malnutrition were 2-7 times and 3-1 times more likely to die from
any cause during the first 6 months after discharge, respectively, than children previously
admitted with other health conditions. By contrast to children admitted with severe acute
malnutrition or other health conditions, children with severe anaemia were also more likely
to die in the 6 months after discharge than during hospital admission. Readmissions during
this period were also more likely among children previously admitted for severe anaemia
than children admitted for other reasons, but this result was based on only one study.
Although there was substantial variation in study designs, these findings indicate that in
malaria-endemic countries in Africa, children admitted with severe anaemia and severe acute
malnutrition remain at a high risk of mortality in the first few months after discharge.

Although mortality after discharge was highest among children admitted with severe
anaemia or severe acute malnutrition, this review also showed that any child that was
hospitalised, regardless of the health condition on admission, was at a nearly five-times
higher increased risk of dying within 6 months after discharge than the apparently healthy,
non-hospitalised children from the same community. These findings are consistent with a
recent systematic review of all-cause mortality after discharge among the general paediatric
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population, which indicated a substantial global burden of mortality after discharge,
especially in low-income countries.16

The term post-hospital health condition was proposed, which refers to an acquired, transient
condition of vulnerability in patients who were recently admitted to hospital, mostly older
patients in the USA, resulting in a period of generalised risk for myriad adverse health
events not necessarily linked to the original illness. During this period, the patient is not
only recovering from the initial acute illness but also has continued physiological and
immunological impairment because of the initial insult and other stressors following hospital
admission or treatment.>?

We were unable to analyse the reasons for the high mortality after discharge or readmission
rates observed in children with severe anaemia because of the scarcity of details available
from the source studies about the cause of readmissions or deaths after discharge. These
factors are likely to be multifactorial, reflecting the complex nature of the causes of anaemia
in this setting, which include nutritional, environmental, biological, sociobehavioural, and
genetic factors.52 Explanations for high mortality after discharge might include continued
exposure to the same risk factors in the community that resulted in the initial admission
and possible delays in seeking appropriate care because of local beliefs and perceptions
about severe anaemia.>3 Although insufficient details were available to allow an analysis
of HIV status as a standalone condition on admission, children who were HIV positive
were at a 1-4-6-5-times increased risk of mortality after discharge than children who were
HIV negative. Recurrent malaria infections have also been reported as risk factors for the
recurrence of severe anaemia among these children.17:18:43:47.49

By contrast to severe anaemia, severe acute malnutrition is recognised as a major risk factor
for mortality after discharge in resource-poor countries, with guidelines for further follow-up
and care at home and periodic monitoring to avoid relapse.2%:54:55 Children who were
malnourished were not only at increased risk of mortality after discharge compared with
other children, but the coexistence of severe undernutrition was also an important contributor
to mortality after discharge among children recently admitted with other health conditions,
including those with severe anaemia.?129:3441 Many children who are undernourished in
resource-poor settings have underlying medical or comorbid conditions, either directly
causing, contributing to, or complicating malnutrition.14

It was of interest to see that children with severe malaria per se (eg, cerebral malaria without
severe anaemia) had lower mortality after discharge than children with severe anaemia. We
also found a substantially lower risk of mortality after discharge among children with severe
malarial anaemia compared with children with severe anaemia without malaria. It is possible
that the attribution of multiple and chronic causes of severe anaemia such as micronutrient
deficiencies or chronic infections, such as tuberculosis and HIV, was greater among the
children without malaria. If so, they would require multiple and long-term interventions after
discharge. This type of care might not be needed for children in whom malaria was the main
cause of severe anaemia, in particular if the initial event was successfully treated with blood
transfusion and effective anti-malarials. Alternatively, the in-patient population treated for
severe malaria might reflect a heterogeneous group of patients, given that in many countries,
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large numbers of patients with uncomplicated malaria are admitted as in-patients to health
facilities.6

Although in-hospital severe malaria was not a major risk factor for death after discharge,

in highly endemic areas, malaria can become an important risk factor for readmissions or
mortality after discharge in all groups. Malaria infection causes dyserythropoiesis, which
can result in bone marrow suppression and might be prolonged in children who become
reinfected or in whom the initial infection is not cleared, or not recognised and therefore

not treated.343:57:58 |n children initially admitted with severe anaemia who have prolonged
dyserythropoiesis, bone marrow suppression, or both, the benefit of blood transfusions
during hospital admission might be too short-lived to allow for full haematological recovery.
These children might develop rebound severe anaemia and poor immunological responses to
bacterial and other infections.

Other risk factors significantly associated with mortality after discharge irrespective

of the initial exposure condition included hypoxia, bacteraemia or sepsis, jaundice,
hepatomegaly, splenomegaly, prolonged hospital admission, lower socioeconomic status,
reduced consciousness on admission (Blantyre coma scale <5), delay in seeking care, history
of previous hospitals admissions, young age, and discharge against medical advice.

These findings support the need for management strategies for recently discharged children,
especially those with severe anaemia and severe acute malnutrition in malaria-endemic areas
of Africa. Improved diagnosis for the underlying causes of severe anaemia is also merited.
Interventions after discharge that have been shown to be effective include preventive zinc
supplementation to reduce morbidity and mortality caused by diarrhoea and pneumonia®®
and prophylaxis with cotrimoxazole to reduce morbidity and mortality in individuals who
are HIV positive.50 More recently, neither 3 months of enhanced supplementation with
multivitamin multimineral supplement or cotrimoxazole prophylaxis improved 6-month
survival versus iron and folate treatment.#8 However, 3 months of malaria chemoprevention
with artemether-lumefantrine after discharge among children admitted with severe malaria
anaemia prevented 41% of deaths or readmissions during the 12-week intervention period
in a trial in Malawi,#° and this was 70% when using dihydroartemisinin-piperaquine in

a trial in Kenya and Uganda, which recruited children with all-cause severe anaemia.*’
Policy guidelines for the management of severe anaemia after discharge in children living in
malaria-endemic areas of Africa are needed urgently.5!

There are important limitations to this type of secondary analysis. Some limitations are
common to many meta-analyses. First, there was considerable variation in the duration

or reporting of follow-up data, or both; for instance, some studies followed children only
for 1 month, whereas others followed them for much longer than 6 months but did not
report results by 6 months and could thus not contribute to our meta-analysis. For this
reason, a post-hoc sensitivity analysis was done that excluded four studies with less than
6 months follow-up, which confirmed the excess post-discharge mortality in children with
severe anaemia relative to other health conditions or relative to in-hospital mortality. A
second limitation is that variations in the design of observational studies and RCTs and
their reporting, and in the prevalence of various background causes of mortality will
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have contributed to substantial observed heterogeneity. Third, few studies reported both
in-hospital mortality and mortality after discharge, and few studies reported mortality after
discharge by admission health condition. Those that did had relatively modest sample

sizes and events. Fourth, the results of random-effect models based on a small number of
studies should be interpreted with caution because reliable estimates of the between-studies
variance (and thus the confidence interval), summary point estimates, and the dispersion
effect are difficult to obtain.®2 Fifth, we could not analyse the causes of deaths after
discharge because of insufficient details reported. Sixth, we were unable to assess small-
study effects or publication bias because of the small number of studies per health condition
and the probable presence of heterogeneity or true small-study effects for meta-analysis

of observational studies. Seventh, we were unable to assess the effect of any residual
confounding by comparing crude and adjusted meta-analyses because of the limitations of
the data reported. Lastly, included studies that recruited children with severe anaemia did not
report on the causes of anaemia on admission. Therefore, we could not determine the cause-
specific severe anaemia mortality burden in hospital or link the causes to mortality burden
after discharge. The variation in reporting the risk factors for mortality after discharge and
scarcity of data on the causes of mortality after discharge are important considerations for
future research to develop a comprehensive management plan after discharge.

This analysis confirms that children younger than 15 years of age who were recently
discharged from hospital after recovery from severe anaemia or severe acute malnutrition are
at excess risk of mortality during the first 6 months after discharge compared with children
admitted for other causes, such as severe malaria. There is a need to develop post-discharge
management strategies for these high-risk groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Severe anaemia is a major cause of morbidity and mortality in children in malaria-
endemic sub-Saharan Africa. Post-discharge mortality in children hospitalised for severe
anaemia and other health conditions has been shown in some studies to be similar

to or higher than in-hospital mortality. The extent of the problem has not been
quantified. We searched PubMed, Scopus, Embase, Web of Science, and Cochrane
Central from inception to Nov 30, 2021, without language restrictions, for cohort studies
and randomised controlled trials. We scanned reference lists of identified articles and
requested more information from authors where feasible. There are few studies that have
analysed morbidity and mortality after discharge in children younger than 15 years in
Africa. We identified one systematic review of the mortality after discharge in developing
countries, but this did not include a meta-analysis. The review concluded that studies
consistently found mortality after discharge to be similar, or to exceed, in-hospital
mortality.

Added value of this study

To our knowledge, this is the first meta-analysis that compares the mortality and
morbidity burden after discharge in malaria-endemic Africa for different health
conditions. The available information confirms that children who were recently
hospitalised with severe anaemia or severe acute malnutrition are at excess risk of
mortality during the first 6 months after discharge compared to children admitted for
other health conditions. Among the children recently admitted with severe anaemia,
mortality is higher during the first 6 months after discharge than during the in-hospital
period.

Implications of all the available evidence

The period after discharge is a well recognised risk period for children with severe acute
malnutrition, for which appropriate follow-up and management strategies exist. However,
it is largely unaddressed for children hospitalised with severe anaemia. Improved
strategies after discharge directed at this high-risk paediatric population need to be
developed.
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2930 records identified through database search

52 articles identified through other sources

1239 duplicate records removed

1743 records after duplicates removed

-

1743 records screened

—» 1661 records excluded by title and abstract

82 full-text articles assessed for eligibility

4 articles excluded because full text was not
available

51 full-text articles excluded
7 in non-malaria-endemic areas
18 did not report outcome of interest
10 no post-discharge follow-up
2 follow-up time after discharge not
defined
9 IPD and OPD data not disaggregated
5 articles with same author or
overlapping studies
2 recruited patients >15 years of age
1included surgical or trauma patients
4 insufficent information

v

27 articles included in the sytematic review and meta-analysis*

Figure 1: PRISMA flow diagram

Reasons for exclusion exceed the number of articles excluded because some articles had
more than one reason for exclusion. Children in IPD represents admitted children. IPD=in-
patient department. OPD=outpatient department.

*Including a prospective follow-up study of children who were initially enrolled in a

prospective case-control study.!8
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Country Deaths after  Follow-up Crude mortality
discharge time risk (% [95% Cl])
(n/N) (months)
Severe anaemia
Kwambai, unpublished  Kenya 33/213 6 —_— 15-5(10-9-21-1)
Maitland, 2019 Uganda and Malawi ~ 80/1948 6 o 41(3-3-51)
Opoka, 2019% Ugandaand Malawi  22/279 6 — 7-9 (5:0-11-7)
Phiri, 2008 Malawi 29/329 6 ——— 8-8 (6:0-12-4)
Opoka, 2017" Uganda 3/132 6 —— 2:3(0-5-6-5)
Phiri, 20124 Malawi 16/708 6 - 2:3(1:3-3-6)
Kwambai, 2020% Kenya 16/525 6 —— 3-1(1-8-4-9)
Zucker, 19964 Kenya 48/255 2 —_—— 18-8 (14-2-24-2)
Severe acute malnutrition
Zucker, 19964 Kenya 26/96 2 - 27-1(18-5-37-1)
Kerac, 2014* Malawi 84/732 3 . 115 (9-3-14-0)
Chinkhumba, 2008*°  Malawi 11/398 4 e 2-8 (1-4-4-9)
Kwambai, unpublished  Kenya 22/102 6 - 21-6 (14-0-30-8)
Malaria
Opoka, 2017 Uganda 1/154 6 l—— 0-7 (0-0-3-6)
Biai, 20074° Guinea-Bissau 26/324 1 — 8.0(5:3-11.5)
Kwambai, unpublished  Kenya 3/433 6 o 0-7 (0-1-2-0)
Zucker, 19964 Kenya 29/294 2 —_— 9:9 (6:7-13-9)
Pneumonia
Zucker, 1996 Kenya 3/54 2 N 5-6 (1-2-15-4)
Ngari, 2017% Kenya 52/2279 6 - 2-3(1:7-3-0)
Kwambai, unpublished  Kenya 29/514 6 — 5-6 (3-8-8-0)
Chhibber, 2015% The Gambia 105/3735 6 -* 2-8(2:3-3-4)
Unspecified conditions
Madrid, 20193 Mozambique 935/25635 3 ° 37(3-4-39)
Veirum, 20074 Guinea-Bissau 179/2950 6 - 6-1(5-2-7-0)
Snow, 20003 Kenya 31/1101 6 - 2.8 (1.9-4-0)
MoiSi, 201134 Kenya 262/14971 5 . 1.8 (1-6-2-0)
Ngari, 2020% Kenya 80/2997 6 - 27(21-33)
Pavlinac, 2021%° Kenya 19/696 6 —— 27 (1.7-4-2)
Mukasa, 20214 Tanzania 54/804 6 —— 6-7 (5-1-8-7)
Kwambai, unpublished  Kenya 72/1294 6 —— 56 (4-4-7-0)
Wiens, 20154 Uganda 61/1242 6 —— 49 (3-4-63)
Zucker, 19964 Kenya 65/550 2 — 11-8 (9-2-14-8)
Talbert, 2019 Kenya 26/2394 3 - 11(0-7-1-6)
T T T 1
0 10 20 30 40
Proportion

Figure 2: Crude mortality risk for any follow-up period in the first 6 months after discharge, all
studies

Data from our unpublished study, Zucker 1996,43 and Opoka, 201617 are included in more
than one subgroup, each representing a mutually exclusive group. The malaria studies did
not include any post-discharge chemoprophylaxis groups. Summary statistics are not shown
because of considerable heterogeneity (overall /2 is 95-5%) between and within admission
health-condition groups.
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Country Exposure Other Follow-up Crude RR % weight
condition conditions time (95% CI) (D+L)
n/N (%) n/N (%) (months)
Severe anaemia
Kwambai, unpublished ~ Kenya 33/213 (15:5%) 126/2343(5-4%) 6 —— 2-88(2:02-4-12) 36.88
Opoka, 2017Y Uganda 3/132 (2-3%) 1/154 (0-6%) 6 » 3:50(0-37-33-25) 4-82
Phiri, 2008 Malawi 29/329 (8-8%) 6/377 (1-6%) 6 _— 5.54(2:33-13:17)  20-04
Zucker, 19964 Kenya 48/255(18-8%)  96/847 (113%) 2 —— 1.66 (1-21-2-28) 3826
D+L subtotal (’=69-2%, p=0-021) S 2.69 (1-59-4-53) 100-00
M-H subtotal <> 2.34(1-86-2-94)
Severe acute malnutrition
Kwambai, unpublished Kenya 22/102 (21-6%) 137/2454(5:6%) 6 —— 3-86(2:58-5-79)  48-01
Zucker, 1996 Kenya 26/96 (271%)  117/1103 (10-6%) 2 — 2:55(1.76-370)  51.99
D+Lsubtotal (I’=54-7%, p=0-14) S 3-12(2-07-4-68) 100-00
M-H subtotal < 3-04 (231-3-99)
Malaria
Biai, 20074¢ Guinea-Bissau 26/324 (8-0%) 24/145 (16-6%) 1 —— 0-48 (0-29-0-81)  35-89
Kwambai, unpublished Kenya 3/433(0-7%)  156/2123(73%) 6 —_— 0-09 (0-03-0-29) 27-04
Zucker, 1996% Kenya 29/269 (10-8%)  67/578 (11-6%) 2 —— 0-93(0-62-1.40)  37:08
D+Lsubtotal (’=89-0%, p<0-0001) e 0-40 (0-14-1-14) 100-00
M-H subtotal < 0-47 (0-34-0-65)
Pneumonia
Kwambai, unpublished Kenya 29/514 (5-6%)  130/2042 (6:4%) 6 —— 0-89 (0-60-1-31) 37-46
Ngari, 2017% Kenya 52/2279 (2:3%)  47/5099 (0-9%) 6 —— 2:48(1.67-3-66)  37-46
Zucker, 1996 Kenya 3/54(5-6%)  138/1099 (12:6%) 2 — 0-44(015-134)  25.08
D+Lsubtotal (’=88.7%, p<0-0001) E— 1.09 (0-44-2-71) 100-00
M-H subtotal K> 1-31(1-02-1-70)
Unspecified conditions
Kwambai, unpublished  Kenya 72/1294 (5-6%)  87/1262 (6:9%) 6 —o 0-81(0-60-1.09) 5274
Zucker, 1996 Kenya 65/550 (11-8%)  38/428(8:9%) 2 Lo— 133(0:91-1-95)  47-26
D+L subtotal (’=75-5%, p=0-043) < 1.02(0-63-1-67) 100-00
M-H subtotal <> 0-98 (0-77-1-24)
0-I01 1 é 3|0
+“— —»

Lower with exposure group condition Higher with exposure group condition

Figure 3: Relativerisk of mortality 6 months after discharge among studiesreporting results by
several health conditions

Weights are from the random-effects analysis. The figure only includes studies that reported
enough detail to allow direct comparisons of mortality after discharge by health condition
among children from the same cohort study. Diamond shapes depict pooled effect size.
The crude RR is calculated by comparing the exposure condition versus other conditions.
For example, in the first section under severe anaemia, the random-effects summary crude
RR of 269 (95% CI 1:59-4-53) represents the relative risk of mortality after discharge
when comparing children who were recently admitted with severe anaemia versus all other
children that were recently admitted for any other conditions that excluded severe anaemia
(other conditions), such as severe acute malnutrition, severe malaria, severe pneumonia, or
other unspecified conditions. Similarly, the second section under malnutrition (summary
random-effects RR 3:12) represents the RR of mortality after discharge when comparing
children who were recently admitted with severe acute malnutrition versus children that
were admitted for any other conditions that excluded severe acute malnutrition. In the case
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of children that were admitted for any other conditions, other conditions includes children
with severe anaemia, severe malaria, severe pneumonia, or other unspecified conditions. D +
L=DerSimonian and Laird random effects. M-H=Mantel-Haenszel fixed effect. RR=relative
risk.
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Country Post-discharge In-patient Follow-up Crude MHOR % weight
deaths deaths time (95% Cl) (D+L)
n/N (%) n/N (%) (months)

Severe anaemia é
Zucker, 1996 Kenya 48/255(18:8%) 38/293(130%) 2 -> 126(083-193) 521
Opoka, 2016" Uganda 3/132(2:3%) 1/231(0-4%) 6 — 4 & 300(031-2884) 156
Maitland, 20194 Uganda and Malawi 80/1948 (4-1%) 89/3983 (22%) 6 i & 2:34(1-73-3-16) 5-44
Kwambai, unpublished ~ Kenya 33/213(15:5%)  15/255 (5-9%) 6 é e 2:20(1-19-4-05) 477
Phiri, 2008 Malawi 29/329(8-8%)  24/377 (6:4%) 6 —o— 1.21(0-70-2-08) 494
D +L subtotal (?=51-5%, p=0-083) i O 1.72 (1-22-2-44) 21.92
I-V subtotal 1o 1.82 (1-47-2-24)
Severe acute malnutrition E
Chinkhumba, 2008%*  Malawi 11/398 (2-8%)  56/454 (123%) 4 B 0-20 (0-10-0-37) 4-68
Zucker, 19964 Kenya 26/96 (27-1%) 3/99 (3-0%) 2 | —e— 867(262-2863) 327
Kwambai, unpublished ~ Kenya 22/102 (21-6%)  12/130(9-2%) 6 E-—Q— 1-83(0-91-3-70) 453
Kerac, 2014 Malawi 84/732 (11:5%) 238/1024 (232%) 3 * 035(0-28-045) 552
D+L subtotal (’=93-8%, p<0-0001) e 0-93(0-27-3-13)  18-00
I-V subtotal 0-43 (0-35-0-53)
Malaria
Opoka, 20177 Uganda 1/154 (0-6%)  34/268 (127%) 6 . 0-03 (0-00-0-21) 1.87
Zucker, 19964 Kenya 29/294(9-9%) 25/294 (8-5%) 2 116 (0-68-1-98) 4-96
Kwambai, unpublished  Kenya 3/433(0-7%) 5/499 (1-0%) 6 0-60 (0-14-2-51) 276
D+L subtotal (’=84-0%, p=0-002) 0-34 (0-05-2-12) 9-59
1-V subtotal 0-86 (0-53-1-40)
Pneumonia
Chhibber, 2015% The Gambia 105/3735 (2-8%) 155/3952(3-9%) 6 0-68 (0-53-0-87) 5:52
Ngari, 2017% Kenya 52/2279 (2:3%) 137/2461 (5-6%) 6 0-39 (0-28-0-53) 541
Kwambai, unpublished ~ Kenya 29/514 (5-6%) 16/586 (2-7%) 6 1-81(0-98-334) 477
Zucker, 19964 Kenya 3/54 (5-6%) 7/61(11-5%) 2 0-43 (0-11-1-66) 2:92
D+ L subtotal (I=85-8%, p<0-0001) 0-69 (0-38-1-26) 18-62
1-V subtotal 0-61(0-51-0-73)
Unspecified conditions
Wiens, 2015% Uganda 61/1242 (49%) 65/1307 (5:0%) 6 094(0-66-133) 536
Snow, 2000% Kenya 31/1101(2:8%)  47/1148 (41%) 6 0-66 (0-42-1-04) 515
Zucker, 1996 Kenya 65/550 (11-8%)  42/476 (8-8%) 2 0-90 (0-61-1:33) 528
Kwambai, unpublished ~ Kenya 72/1294 (5-6%)  27/1468 (1-8%) 6 2:67 (1.71-4-15) 517
Veirum, 20074 Guinea-Bissau 179/2950 (6-1%) 423/3373(125%) 6 0-42 (0-36-0-50) 561
Mukasa, 20214 Tanzania 54/804 (6-7%) 57/861 (6-6%) 6 1.00 (0-69-1-45) 531
D+ L subtotal (’=93-3%, p<0-0001) 0-91(0-54-1-55)  31.87
1V |-V subtotal 0-67 (0-59-0-75)
1-V overall 0-92(0-66-1-28) 100-00
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Figure 4: In-patient mortality versus mortality after discharge within 6 months by health
condition on admission

For each study, the MHOR was obtained by comparing the number of deaths after discharge
versus in-patient deaths during the initial hospital admission. D + L=DerSimonian and Laird
random effects. I-V=inverse-variance fixed effect. MHOR=Mantel-Haenszel odds ratio.
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