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ABSTRACT
Introduction Childhood malnutrition is widespread in low- 
income and middle- income countries (LMICs) and increases 
the frequency and severity of infections such as pneumonia. 
We aimed to identify studies investigating pneumonia deaths 
in malnourished children and estimate mortality risk by 
malnutrition severity.
Methods We conducted a systematic review of MEDLINE, 
EMBASE and Global Health databases to identify relevant 
studies. We used a network meta- analysis to derive ORs 
of death from pneumonia for moderately and severely 
underweight children using low weight- for- age, the most 
reported measure of malnutrition. We compared meta- 
estimates of studies conducted before and after 2000 to 
assess changes in mortality risk over time. We estimated 
the prevalence of underweight hospitalised children from 
hospital- based cohort studies and calculated the population 
attributable fraction of in- hospital pneumonia deaths from 
being underweight using our results.
Results Our network meta- analysis included 33 544 
underweight children from 23 studies. The estimated OR 
of death from pneumonia was 2.0 (95% CI 1.6 to 2.6) and 
4.6 (95% CI 3.7 to 5.9) for children moderately and severely 
underweight, respectively. The OR of death from pneumonia 
for those severely underweight was 5.3 (95% CI 3.9 to 7.4) 
pre- 2000 and remained high post- 2000 at 4.1 (95% CI 3.0 
to 6.0). Prevalence of underweight children hospitalised with 
pneumonia varied (median 40.2%, range 19.6–66.3) but was 
high across many LMIC settings. We estimated a median 
18.3% (range 10.8–34.6) and 40.9% (range 14.7–69.9) of 
in- hospital pneumonia deaths were attributable to being 
moderately and severely underweight, respectively.
Conclusions The risk of death from childhood pneumonia 
dramatically increases with malnutrition severity. This risk has 
remained high in recent years with an estimated over half of 
in- hospital pneumonia deaths attributable to child malnutrition. 
Prevention and treatment of all child malnutrition must be 
prioritised to maintain progress on reducing pneumonia 
deaths.

INTRODUCTION
Pneumonia is a leading cause of child hospi-
talisations and deaths globally.1 2 There were 

an estimated 808 000 child pneumonia 
deaths in 2017, mainly in low- income and 
middle- income countries (LMICs).3 Malnu-
trition increases the frequency and severity of 
common childhood infections such as pneu-
monia, delays recovery and increases risk of 
death.4 Childhood malnutrition remains 
widespread, with an estimated 6.7% of chil-
dren under 5 globally suffering from wasting 
and 22.0% stunted.5 Pneumonia may present 
differently in malnourished children with 
less overt signs of respiratory distress, which 

Key questions

What is already known?
 ► Malnutrition is widespread in low- income and 
middle- income countries and increases the frequen-
cy and severity of infections such as pneumonia.

What are the new findings?
 ► Children who are moderately underweight hospital-
ised with pneumonia are twice as likely to die, and 
children who are severely underweight are four and 
a half times as likely to die compared with children 
with a normal weight.

 ► The risk of death has remained high in recent years 
comparing studies conducted before and after the 
year 2000. This is despite improved overall care 
seeking and hospital care for childhood pneumonia 
over this time.

 ► An estimated two in five children admitted to hospital 
with pneumonia in low- income and middle- income 
countries are moderately or severely underweight.

What do the new findings imply?
 ► Over half of in- hospital child pneumonia deaths in 
low- income and middle- income countries are attrib-
utable to being underweight.

 ► Prevention and treatment of all child malnutrition 
must be prioritised to maintain progress on reducing 
pneumonia deaths.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2021-007411&domain=pdf&date_stamp=2021-10-30
http://orcid.org/0000-0003-2995-330X
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results in underdiagnosis and suboptimal management.6 
Acute infections reciprocally worsen nutritional status 
through higher catabolism, anorexia and nutrient loss, 
contributing to a worsening cycle of infections and 
malnutrition.7 While there has been substantial progress 
in reducing pneumonia morbidity and mortality since 
the year 2000, there have been smaller improvements 
in linear growth and reductions in wasting and low birth 
weight over this time.2 8

Previous studies have found that children with both 
moderate and severe malnutrition have a higher risk of 
death from pneumonia.4 9 Improving child nutrition is, 
therefore, a key aspect of the global strategy to reduce 
pneumonia deaths.10

Quantifying the deleterious effects of malnutrition and 
pneumonia can inform ongoing strategies and health 
programmes aimed at reducing child mortality. We aimed 
to quantify the risk of death from pneumonia in children 
with different grades of malnutrition severity. We also 
aimed to estimate the proportion of child pneumonia 
deaths attributable to moderate and severe malnutrition.

METHODS
We did a systematic literature review of medical data-
bases MEDLINE, EMBASE and Global Health. Searches 
included studies from 1 January 1980 to 13 September 
2020. Detailed search strategies are included in online 
supplemental appendix 1.

Selection criteria
We included studies reporting original data comparing 
pneumonia deaths of children under 5 years with and 
without malnutrition. We included studies which meas-
ured weight- for- age (w/a), weight- for- height (w/h) or 
height- for- age (h/a). We included studies that either 
reported number of deaths or provided OR or relative 
risk of death with CIs. We excluded studies with less than 
40 study participants and studies that did not describe 
how malnutrition or pneumonia were defined. We also 
excluded studies where the diagnosis of pneumonia was 
based solely on caregiver report. No date or language 
restrictions were placed on studies.

Literature search
Titles and abstracts were screened by two independent 
reviewers (two of AKi, AKh, AP and RMB). Selected full 
texts were then reviewed independently by two reviewers 
(two of AKi, AKh, AP, RMB and SJA). Disagreements over 
inclusion were resolved through mutual discussion. We 
also screened reference lists of included studies.

We contacted study authors to request additional data 
for studies that met the inclusion criteria but had missing 
data, or where data were not stratified by malnutrition 
severity in the original manuscript. For studies with a risk 
estimate and sample size but no case numbers (and where 
we were unable to establish contact with study authors for 
additional data) we imputed mortality numbers from the 
CIs.11

We assessed study quality using the National Institute 
of Health and Care Excellence (NICE) quality appraisal 
checklist.12 Study quality was independently scored by two 
reviewers (two of AKh, AKi, AP and RMB) with scoring 
disagreements resolved through mutual discussion.

Case definitions
We classified low weight- for- age as being underweight, 
low weight- for- height as wasting and low height- for- age as 
stunting. We considered a grade of moderate for these 
three measures to be a z score of between −2 and −3 SD, 
or 60%–80% of expected for the reference population 
(eg, National Centre for Health Statistics or WHO child 
growth reference charts). A grade of severe was consid-
ered as a z score of less than −3 SD, or less than 60% of 
expected for the reference population, or the presence 
of nutritional oedema (for those with general malnutri-
tion or wasting).

Case definitions for pneumonia varied between studies 
and included definitions are fully documented in online 
supplemental table 1.

Data analysis
We used Bayesian hierarchical generalised linear models 
to estimate the OR of death from pneumonia in children 
with low weight- for- age. We used low weight- for- age for 
this analysis as this was the most common anthropometric 
measure and few studies reported weight- for- height.

Based on this definition for underweight children, 
most studies provided results for ‘none’, ‘moderate’ 
and ‘severe’ malnutrition. However, around a third only 
provided results after collapsing these into two categories 
(eg, ‘none- moderate’ vs ‘severe’ or ‘none’ vs ‘moderate- 
severe’). To include all studies we used a Bayesian 
shared parameter framework13 which could accommo-
date studies reporting results for all three categories 
and studies reporting results for collapsed categories 
in a single model.14–18 We used a network meta- analysis 
model13 for comparisons defined by underweight catego-
ries (rather than treatments) with a binomial likelihood 
for each study and category and a logit link to estimate 
the log- ORs for mortality for ‘moderate’ vs ‘none’ (d1) 
and ‘severe’ vs ‘none’ (d2). A random effects model was 
fitted to allow log- ORs to vary between study, giving flat 
Normal priors for the overall mean log- ORs (d1, d2) 
and a uniform (0,2) prior for the between studies SD. 
For studies reporting results for collapsed categories, we 
assumed these estimate a weighted average of the log- ORs 
for the categories that were combined, weighted by the 
proportions in each of the combined categories. Because 
the proportion of individuals in the collapsed categories 
was not reported, we predicted this based on a model to 
estimate the proportion in the ‘moderate’ category of 
each of the ‘moderate- severe’ and ‘non- moderate’ cate-
gories (proportions p1 and p2, respectively), informed 
by the studies which reported results for all three cate-
gories. A hierarchical model normal was used to capture 
variability between studies for p1 and p2 on the log- odds 

https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
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scale, giving flat Normal priors for the overall mean log- 
odds and a truncated flat Normal prior for the between 
studies SD. The resulting predictive distribution is used 
to predict the proportions in the collapsed category 
studies. In sensitivity analyses, we assumed that p1 and p2 
each lay, with equal probability, between 0 and 1 (ie, we 
placed a uniform prior on each).

We repeated the analysis after stratifying studies into 
those undertaken before and after the year 2000 (no 
studies conducted wholly during the year 2000 were iden-
tified) and performed separate network meta- analyses for 
studies before and after this time. We chose the year 2000 
as this was a significant milestone around the millennium 
development goals and allowed enough studies before 
and after this time to make a comparison. We calculated 
the difference between ORs of death before and after 
2000 for moderate and severe malnutrition. To calcu-
late the CIs for the difference in ORs, we obtained 1000 
samples from a (log) normal distribution for the (log) 
OR for the effect of being underweight on the risk of 
death for estimates before and after the year 2000 using 
the BootComb package in R.19 The uncertainty limits for 
the difference in log ORs were then obtained as the 95% 
highest density interval.

We undertook standard random effects pairwise meta- 
analyses (‘none’ vs ‘moderate’, ‘none’ vs ‘severe’, ‘none’ 
vs ‘moderate- severe’ and ‘none- moderate’ vs ‘severe’) as 
a comparison to the more complex network meta- analysis 
where all studies were simultaneously modelled.

We identified hospital cohort studies which measured 
weight- for- age in all children admitted with pneumonia 
from our selected studies. We derived the prevalence 
of underweight children in those admitted to hospital 
with pneumonia and calculated exact binomial 95% 
CIs.

We calculated a population attributable fraction (PAF) 
of in- hospital pneumonia deaths for those moderately 
and/or severely underweight (depending on stratified 
data available) for each study using the OR and CIs 
from the network meta- analysis and the prevalence and 
CIs derived from individual cohort studies. We used the 
BootComb package in R to propagate uncertainty of the 
CIs around OR and prevalence estimates.19 We obtained 
1000 samples from a (log) normal distribution for the 
(log) OR for the effect of being underweight on the risk 
of death, and 1000 samples from a beta distribution for 
the proportion in each malnutrition category. For each 
sample the PAF was estimated as PAF = [Malnutrition 
prevalence x (OR- 1)]/[Malnutrition prevalence x (OR- 
1)+1] and uncertainty limits for the PAF were obtained as 
the 95% highest density interval. The parameters for the 
log- normal distribution were obtained directly from the 
network meta- analysis. The parameters for the beta distri-
bution were estimated to match the upper and lower 
confidence limits from the prevalence analysis described 
above.

Statistical models and analyses were run in R V.4.0.4 
and Openbugs. Modelling is described in detail online 

with data and code used available at: https:// github. 
com/ dmcalli2/ malnutrition.

RESULTS
Study characteristics
Twenty- six studies met our selection criteria (online 
supplemental figure 1).20–45 All studies were hospital- 
based and, apart from one case–control study, were 
prospective or retrospective cohorts (online supple-
mental table 1). Study recruitment years ranged between 
1981 and 2016 and included participants throughout 
Africa, Asia and South America.

Twenty- three studies provided data on in- hospital 
mortality by weight- for- age (underweight), six by weight- 
for- height (wasting) and six by height- for- age (stunting). 
Most studies relied on a clinical diagnosis of pneu-
monia, but there was variation of case definitions used 
in included studies (online supplemental table 1). Six 
studies used or included confirmation with chest x- ray as 
part of their diagnostic criteria.

Study quality assessment scoring is included in online 
supplemental table 2. Most studies had similar strengths 
and limitations due to similar study designs. Most studies 
had good external validity with well described study popu-
lations and representative study samples. Many studies 
had mixed internal validity with few studies identifying 
and adjusting for confounding factors, some studies with 
low sample sizes but otherwise most with reliable and 
complete outcome measures.

Pneumonia mortality risk
Most studies showed a higher OR (apart from two which 
showed a lower OR and five in which CIs included 1.0) 
of death in those moderately underweight compared 
with controls (figure 1, online supplemental table 3). All 
studies showed a higher OR of death (apart from two in 
which CIs included 1.0) for those severely underweight 
(figure 1, online supplemental table 3). The risk of 
death was higher for those with severe low weight- for- age 
compared with those moderately low weight- for- age in all 
included studies (figure 1, online supplemental table 3).

The network meta- analysis included 33 544 children 
with low weight- for- age from 23 studies. We estimated 
an OR of death from pneumonia of 2.0 (95% CI 1.6 to 
2.6) for moderately underweight children and 4.6 (95% 
CI 3.7 to 5.9) for those severely underweight (figure 1). 
Standard random effects meta- analyses using direct 
comparisons reported in studies were consistent with the 
results from the network meta- analysis (figure 1, online 
supplemental figures 2−5). Sensitivity analyses which 
placed uniform priors of the proportion of children in 
collapsed categories did not significantly affect the results 
of the network meta- analysis reported above (sensitivity 
analyses are available online at: https:// github. com/ 
dmcalli2/ malnutrition).

Height- for- age showed an inconsistent relationship 
with mortality risk (online supplemental table 3, online 

https://githubcom/dmcalli2/malnutrition
https://githubcom/dmcalli2/malnutrition
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
https://dx.doi.org/10.1136/bmjgh-2021-007411
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supplemental figure 6). Five of six studies showed higher 
OR of death for stunted children, but CIs were wide for 
these estimates. These risk estimates were also unadjusted 
for the co- occurrence of wasting which is often present in 
stunted children.46

Pneumonia mortality risk by year
Based on 10 studies, we estimated an OR of death of 2.1 
(95% CI 1.5 to 2.9) for moderately underweight children 
before the year 2000. This was compared with an esti-
mated OR of 1.9 (95% CI 1.3 to 2.8) based on 12 studies 
after the year 2000 (One study Johnson et al,31 did not 
specify the years over which it was conducted and was 
therefore not included in the analysis comparing studies 
before and after the year 2000). We found poor evidence 
of a significant difference in the OR of death for moder-
ately underweight children before and after 2000 based 
on a difference of −0.2 (95% CI −1.2 to 0.9).

For those severely underweight, we estimated an OR 
of death of 5.3 (95%CI 3.9 to 7.4)) before the year 2000 
compared with 4.1 (95% CI 3.0 to 6.0) after. We found 
poor evidence of a significant difference in the OR of 

death for those severely underweight before and after 
2000 based on a difference of −1.2 (95% CI −3.5 to 1.1).

Prevalence of malnutrition in children admitted with pneumonia
The prevalence of underweight children admitted with 
pneumonia was generally high but varied considerably 
between studies and countries (median 40.2%, range 
19.6–66.3) (table 1). The median prevalence of those 
moderately underweight was 22.4% (range 12.1–52.9) 
and the median prevalence of those severely underweight 
was 19.3% (range 4.8–64.6) across studies.

PAF of pneumonia deaths due to child malnutrition
Estimated in- hospital pneumonia deaths attributable to 
being moderately and severely underweight were high 
across studies (table 1). We estimated a median 18.3% 
(range 10.8–34.6) of child pneumonia deaths were attrib-
utable to being moderately underweight and a median 
of 40.9% (range 14.7–69.9) were attributable to being 
severely underweight.

DISCUSSION
Children with malnutrition have a substantially higher 
risk of death from pneumonia which increases with 

Figure 1 OR of death from pneumonia for (A) studies comparing children moderately underweight (low weight- for- age) to 
those with normal weight (B) studies comparing children severely underweight to those with normal weight (C) meta- estimates 
from meta- analyses of studies with pairwise comparisons (D) meta- estimates from network meta- analysis for being moderately 
and severely underweight. ((A) and (B) only show results from studies which do not collapse moderate and severe underweight 
categories).

https://dx.doi.org/10.1136/bmjgh-2021-007411
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malnutrition severity. The risk of death has remained 
high in recent years comparing studies conducted before 
and after the year 2000. Our study estimates of pneu-
monia mortality risk for both moderately and severely 
underweight children can be used to measure trends in 
pneumonia deaths attributable to malnutrition. Given 
the high prevalence of all severities of underweight chil-
dren hospitalised with pneumonia across LMIC settings, 
and the disproportionately high number of deaths attrib-
utable to being severely underweight, there are signifi-
cant implications for pneumonia programmes in terms 
of policies prioritising the prevention and treatment of 
all forms of malnutrition.

Studies identified recruited participants from hospi-
tals and so our results are only reflective of in- hospital 
mortality risk. Based on an estimate of 265 000 in- hospital 
pneumonia deaths in 2010,1 and using our median PAF 
estimates of 18.3% for those moderately underweight and 
40.9% for those severely underweight, we estimate 48 495 
and 108 385 of in- hospital pneumonia deaths were attrib-
utable to being moderately and severely underweight, 
respectively, in 2010. These estimates do not include 
community deaths and do not account for the risk of 
postdischarge mortality which is higher for children with 
severe malnutrition treated for pneumonia.47 Our esti-
mates for the OR of death may be different to the OR 
of death in the community and future community- based 
studies can investigate to what extent these may differ. 
Studies can also look at incidence rates of pneumonia in 
children with malnutrition and the effect of nutritional 
therapy in mitigating these risks in the community. One 
limitation of our meta- estimates is that risk is not stratified 
by HIV status, a risk factor strongly associated with both 
malnutrition and risk of death from pneumonia. Very few 
studies we identified stratified results by or adjusted for 
HIV status. Future studies should investigate the differ-
ence in risk for malnourished children living with and 
without HIV as pneumonia mortality risk will likely differ 
between settings depending on HIV prevalence.48

Our reported hospitalised malnutrition prevalence 
estimates, and therefore, our PAF estimates are based 
on numbers reported from included hospital cohort 
studies. These studies may have biases in terms of case 
recruitment which may underestimate or overestimate 
in- hospital underweight prevalence as these were not 
the primary aims of studies. Results showed a particularly 
high attributable fraction of deaths for severely under-
weight children, and given the much higher prevalence 
of moderate malnutrition compared with severe, bias 
in case recruitment for studies may have increased the 
number of deaths we attribute to being severely under-
weight. Our results can be refined in future by applying 
our reported OR of death to specific country prevalence 
estimates of malnutrition which have been systematically 
assessed. Few studies used weight- for- height and two study 
authors we contacted reported likely biases and difficul-
ties in measuring height accurately for acutely unwell 
children in these studies (Berkley, Dhoubhadel, Personal 

communication). We therefore used weight- for- age in 
our network meta- analysis to compare results across the 
largest number of studies. There were differences in the 
reference populations (eg, WHO vs NCHS standards) 
and pneumonia case definitions between studies, but 
these are unlikely to significantly affect interpretation of 
our results.

Severe stunting was associated with a slightly higher 
risk of death in five of six studies. However, the likely 
co- occurrence of wasting and other confounders is not 
accounted for in these studies.46 Stunting may be indic-
ative of previous episodes of wasting or milder forms 
of malnutrition over a longer time. Children with both 
stunting and wasting have been found to have a higher 
risk of death than those with severe wasting alone.49 . It 
is, therefore, unclear whether stunting is independently 
associated with risk of death from pneumonia and further 
studies are required to investigate this. These would also 
require a larger number of participants given the lesser 
effect compared with more acute forms of malnutrition.

Our methodology has not been used before to estimate 
mortality risk associated with different malnutrition sever-
ities. Our estimates are based on studies spanning several 
years with data from a large number of participants. 
Given that studies stratified results differently or incom-
pletely, the use of a Bayesian model allowed data from 
all studies to be incorporated and the inclusion of addi-
tional stratified data provided by several study authors is 
likely to have improved our modelled estimates.

Incidence and mortality of childhood pneumonia has 
decreased in recent years.2 Hospitalisation rates have 
meanwhile increased over the same period and in- hos-
pital case fatality rates have significantly decreased, 
particularly in low- income countries.2 These trends in 
childhood pneumonia are likely due to earlier presen-
tation to hospitals and improved quality of care. Despite 
this progress, our results found poor evidence of a signifi-
cant change in the risk of death in malnourished children 
in recent years. Our analysis by year of study is limited by 
the number of data points identified through this review 
and it is unclear whether there has been a difference in 
risk in recent years. Interpretating a change in OR over 
this time may also be affected by differing admission 
criteria based on malnutrition severity and differences 
in community- based versus hospital- based treatment, but 
our results still indicate that there is an ongoing high risk 
of death based on studies from recent years.

Based on our estimates, over half of all in- hospital 
pneumonia deaths are attributable to child malnutrition, 
with at least one- quarter of in- hospital deaths attribut-
able based on lower confidence estimates. Food insecu-
rity and poor sanitation/hygiene in many LMICs is likely 
to continue affecting child nutrition which may perpet-
uate high numbers of pneumonia deaths.50 Despite 
better hospital care for pneumonia the risk of death in 
malnourished children remains high. Prevention and 
treatment of child malnutrition must therefore be prior-
itised to maintain progress on reducing pneumonia 
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deaths globally. Mortality risk estimates from this study 
can be used in future to quantify deaths attributable to 
malnutrition and to measure the impact of interventions.
Twitter Amir Kirolos @kirolos_amir

Acknowledgements With thanks to the highlighted study authors who provided 
additional data from their original studies. With thanks to Marc YR Henrion who 
provided statistical support to analyses. Patients and public were not involved in 
the design and conduct of this study.

Contributors AKi, DAM, HC and HN conceived the study design. AKi wrote the 
main draft of the paper and is guarantor of the study. AKi, AKh, AP and RMB 
screened studies against selection criteria. AKi, AKh, AP, RMB and SJA extracted 
data from studies. AKi, DAM and NW undertook data and statistical analyses. All 
authors reviewed and contributed to the manuscript.

Funding AKi is supported by a Wellcome Trust Clinical PhD Programme Fellowship 
(203919/Z/16/Z). DAM is funded via a Wellcome Trust intermediate clinical 
fellowship and Beit fellowship (201492/Z/16/Z).

Competing interests None declared.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iD
Amir Kirolos http:// orcid. org/ 0000- 0003- 2995- 330X

REFERENCES
 1 Nair H, Simões EA, Rudan I, et al. Global and regional burden 

of hospital admissions for severe acute lower respiratory 
infections in young children in 2010: a systematic analysis. Lancet 
2013;381:1380–90.

 2 McAllister DA, Liu L, Shi T, et al. Global, regional, and national 
estimates of pneumonia morbidity and mortality in children younger 
than 5 years between 2000 and 2015: a systematic analysis. Lancet 
Glob Health 2019;7:e47–57.

 3 Organization WH. Pneumonia, 2021. Available: https://www. who. int/ 
health- topics/ pneumonia# tab= tab_1 [Accessed 30 Aug 2021].

 4 Caulfield LE, de Onis M, Blössner M, et al. Undernutrition as 
an underlying cause of child deaths associated with diarrhea, 
pneumonia, malaria, and measles. Am J Clin Nutr 2004;80:193–8.

 5 United Nations Children’s Fund (UNICEF) WHO, International Bank 
for Reconstruction and Development/The World Bank. Levels 
and trends in child malnutrition: key findings of the 2021 edition 
of the joint child malnutrition estimates. Geneva: World Health 
Organization, 2021.

 6 Falade AG, Tschäppeler H, Greenwood BM, et al. Use of simple 
clinical signs to predict pneumonia in young Gambian children: the 
influence of malnutrition. Bull World Health Organ 1995;73:299–304.

 7 Walson JL, Berkley JA. The impact of malnutrition on childhood 
infections. Curr Opin Infect Dis 2018;31:231–6.

 8 Victora CG, Christian P, Vidaletti LP, et al. Revisiting maternal 
and child undernutrition in low- income and middle- income 
countries: variable progress towards an unfinished agenda. Lancet 
2021;397:1388–99.

 9 Chisti MJ, Tebruegge M, La Vincente S, et al. Pneumonia in severely 
malnourished children in developing countries - mortality risk, 
aetiology and validity of WHO clinical signs: a systematic review. 
Trop Med Int Health 2009;14:1173–89.

 10 Chopra M, Mason E, Borrazzo J, et al. Ending of preventable 
deaths from pneumonia and diarrhoea: an achievable goal. Lancet 
2013;381:1499–506.

 11 Di Pietrantonj C. Four- fold table cell frequencies imputation in meta 
analysis. Stat Med 2006;25:2299–322.

 12 NICE. Quality appraisal checklist - quantative studies reporting 
correlations and associations, 2012. Available: https://www. nice. org. 
uk/ process/ pmg4/ chapter/ appendix- g- quality- appraisal- checklist- 
quantitative- studies- reporting- correlations- and

 13 Cappelleri JC. Network meta- analysis for comparitive effectiveness 
research. Hoboken NJ: Wiley, 2018.

 14 Govan L, Ades AE, Weir CJ, et al. Controlling ecological bias in 
evidence synthesis of trials reporting on collapsed and overlapping 
covariate categories. Stat Med 2010;29:1340–56.

 15 Welton NJ, Johnstone EC, David SP, et al. A cost- effectiveness 
analysis of genetic testing of the DRD2 Taq1A polymorphism to 
aid treatment choice for smoking cessation. Nicotine Tob Res 
2008;10:231–40.

 16 Salanti G, Higgins JPT, White IR. Bayesian synthesis of 
epidemiological evidence with different combinations of exposure 
groups: application to a gene- gene- environment interaction. Stat 
Med 2006;25:4147–63.

 17 Minelli C, Thompson JR, Tobin MD, et al. An integrated approach to 
the meta- analysis of genetic association studies using Mendelian 
randomization. Am J Epidemiol 2004;160:445–52.

 18 Welton NJ, Willis SR, Ades AE. Synthesis of survival and disease 
progression outcomes for health technology assessment of cancer 
therapies. Res Synth Methods 2010;1:239–57.

 19 Henrion MYR. bootComb—an R package to derive confidence 
intervals for combinations of independent parameter estimates. Int J 
Epidemiol 2021;50:1071–6.

 20 Agrawal PB, Shendurnikar N, Shastri NJ. Host factors and 
pneumonia in hospitalised children. J Indian Med Assoc 
1995;93:271–2.

 21 Agweyu A, Lilford RJ, English M, et al. Appropriateness of clinical 
severity classification of new who childhood pneumonia guidance: 
a multi- hospital, retrospective, cohort study. Lancet Glob Health 
2018;6:e74–83.

 22 Bahwere P, De Mol P, Donnen P, et al. Improvements in 
nutritional management as a determinant of reduced mortality 
from community- acquired lower respiratory tract infection in 
hospitalized children from rural central Africa. Pediatr Infect Dis J 
2004;23:739–47.

 23 Banajeh SM, al- Sunbali NN, al- Sanahani SH. Clinical 
characteristics and outcome of children aged under 5 years 
hospitalized with severe pneumonia in Yemen. Ann Trop Paediatr 
1997;17:321–6.

 24 Bokade CM, Madhura AD, Bagul AS, et al. Predictors of mortality 
in children due to severe and very severe pneumonia. Niger Med J 
2015;56:287–91.

 25 Chisti MJ, Ahmed T, Faruque ASG, et al. Clinical and laboratory 
features of radiologic pneumonia in severely malnourished infants 
attending an urban diarrhea treatment center in Bangladesh. Pediatr 
Infect Dis J 2010;29:174–7.

 26 Chisti MJ, Duke T, Robertson CF, et al. Co- Morbidity: exploring the 
clinical overlap between pneumonia and diarrhoea in a hospital in 
Dhaka, Bangladesh. Ann Trop Paediatr 2011;31:311–9.

 27 Collings DA, Martin KS. A retrospective analysis of childhood 
pneumonia in a district hospital. Cent Afr J Med 1985;31:152–6.

 28 Dembele BPP, Kamigaki T, Dapat C, et al. Aetiology and risks factors 
associated with the fatal outcomes of childhood pneumonia among 
hospitalised children in the Philippines from 2008 to 2016: a case 
series study. BMJ Open 2019;9:e026895.

 29 Demers AM, Morency P, Mberyo- Yaah F, et al. Risk factors for 
mortality among children hospitalized because of acute respiratory 
infections in Bangui, central African Republic. Pediatr Infect Dis J 
2000;19:424–32.

 30 Duke T, Mgone J, Frank D. Hypoxaemia in children with severe 
pneumonia in Papua New Guinea. Int J Tuberc Lung Dis 
2001;5:511–9.

 31 Johnson A- WBR, Osinusi K, Aderele WI, et al. Etiologic agents 
and outcome determinants of community- acquired pneumonia 
in urban children: a hospital- based study. J Natl Med Assoc 
2008;100:370–85.

 32 Kuti BP AS, Ebruke BE, et al. Risk factors for mortality in childhood 
pneumonia in a rural West African region. J Pediatr Infect Dis 
2013;8:131–8.

https://twitter.com/kirolos_amir
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2995-330X
http://dx.doi.org/10.1016/S0140-6736(12)61901-1
http://dx.doi.org/10.1016/S2214-109X(18)30408-X
http://dx.doi.org/10.1016/S2214-109X(18)30408-X
https://www.who.int/health-topics/pneumonia#tab=tab_1
https://www.who.int/health-topics/pneumonia#tab=tab_1
http://dx.doi.org/10.1093/ajcn/80.1.193
http://www.ncbi.nlm.nih.gov/pubmed/7614661
http://dx.doi.org/10.1097/QCO.0000000000000448
http://dx.doi.org/10.1016/S0140-6736(21)00394-9
http://dx.doi.org/10.1111/j.1365-3156.2009.02364.x
http://dx.doi.org/10.1016/S0140-6736(13)60319-0
http://dx.doi.org/10.1002/sim.2287
https://www.nice.org.uk/process/pmg4/chapter/appendix-g-quality-appraisal-checklist-quantitative-studies-reporting-correlations-and
https://www.nice.org.uk/process/pmg4/chapter/appendix-g-quality-appraisal-checklist-quantitative-studies-reporting-correlations-and
https://www.nice.org.uk/process/pmg4/chapter/appendix-g-quality-appraisal-checklist-quantitative-studies-reporting-correlations-and
http://dx.doi.org/10.1002/sim.3869
http://dx.doi.org/10.1080/14622200701767761
http://dx.doi.org/10.1002/sim.2689
http://dx.doi.org/10.1002/sim.2689
http://dx.doi.org/10.1093/aje/kwh228
http://dx.doi.org/10.1002/jrsm.21
http://dx.doi.org/10.1093/ije/dyab049
http://dx.doi.org/10.1093/ije/dyab049
http://www.ncbi.nlm.nih.gov/pubmed/8576592
http://dx.doi.org/10.1016/S2214-109X(17)30448-5
http://dx.doi.org/10.1097/01.inf.0000135663.17018.51
http://dx.doi.org/10.1080/02724936.1997.11747905
http://dx.doi.org/10.4103/0300-1652.165038
http://dx.doi.org/10.1097/INF.0b013e3181b9a4d5
http://dx.doi.org/10.1097/INF.0b013e3181b9a4d5
http://dx.doi.org/10.1179/1465328111Y.0000000033
http://www.ncbi.nlm.nih.gov/pubmed/4075390
http://dx.doi.org/10.1136/bmjopen-2018-026895
http://dx.doi.org/10.1097/00006454-200005000-00007
http://www.ncbi.nlm.nih.gov/pubmed/11409576
http://dx.doi.org/10.1016/s0027-9684(15)31269-4
http://dx.doi.org/10.3233/JPI-130394


8 Kirolos A, et al. BMJ Global Health 2021;6:e007411. doi:10.1136/bmjgh-2021-007411

BMJ Global Health

 33 Lazzerini M, Seward N, Lufesi N, et al. Mortality and its risk factors 
in Malawian children admitted to hospital with clinical pneumonia, 
2001- 12: a retrospective observational study. Lancet Glob Health 
2016;4:e57–68.

 34 Lupisan SP, Ruutu P, Erma Abucejo- Ladesma P, et al. Predictors 
of death from severe pneumonia among children 2- 59 months old 
hospitalized in Bohol, Philippines: implications for referral criteria at 
a first- level health facility. Trop Med Int Health 2007;12:962–71.

 35 Man WD, Weber M, Palmer A, et al. Nutritional status of children 
admitted to hospital with different diseases and its relationship 
to outcome in the Gambia, West Africa. Trop Med Int Health 
1998;3:678–86.

 36 Naheed A, Saha SK, Breiman RF, et al. Multihospital surveillance of 
pneumonia burden among children aged <5 years hospitalized for 
pneumonia in Bangladesh. Clin Infect Dis 2009;48 Suppl 2:S82–9.

 37 Nantanda R, Hildenwall H, Peterson S, et al. Bacterial aetiology and 
outcome in children with severe pneumonia in Uganda. Ann Trop 
Paediatr 2008;28:253–60.

 38 Nathoo KJ, Nkrumah FK, Ndlovu D, et al. Acute lower respiratory 
tract infection in hospitalized children in Zimbabwe. Ann Trop 
Paediatr 1993;13:253–61.

 39 Post CL, Victora CG, Valente JG, et al. [Prognostic factors of hospital 
mortality from diarrhea or pneumonia in infants younger than 1 year 
old. A case- control study]. Rev Saude Publica 1992;26:369–78.

 40 Ramachandran P, Nedunchelian K, Vengatesan A, et al. Risk factors 
for mortality in community acquired pneumonia among children 
aged 1- 59 months admitted in a referral hospital. Indian Pediatr 
2012;49:889–95.

 41 Sigaúque B, Roca A, Bassat Q, et al. Severe pneumonia in 
Mozambican young children: clinical and radiological characteristics 
and risk factors. J Trop Pediatr 2009;55:379–87.

 42 Tupasi TE, Mangubat NV, Sunico ME, et al. Malnutrition and acute 
respiratory tract infections in Filipino children. Rev Infect Dis 
1990;12:S1047–54.

 43 Tupasi TE, Velmonte MA, Sanvictores ME, et al. Determinants 
of morbidity and mortality due to acute respiratory infections: 
implications for intervention. J Infect Dis 1988;157:615–23.

 44 Webb C, Ngama M, Ngatia A, et al. Treatment failure among Kenyan 
children with severe pneumonia--a cohort study. Pediatr Infect Dis J 
2012;31:e152–7.

 45 Zabihullah R, Dhoubhadel BG, Rauf FA, et al. Risk for death 
among children with pneumonia, Afghanistan. Emerg Infect Dis 
2017;23:1404–8.

 46 Schoenbuchner SM, Dolan C, Mwangome M, et al. The relationship 
between wasting and stunting: a retrospective cohort analysis of 
longitudinal data in Gambian children from 1976 to 2016. Am J Clin 
Nutr 2019;110:498–507.

 47 Chisti MJ, Graham SM, Duke T, et al. Post- discharge mortality in 
children with severe malnutrition and pneumonia in Bangladesh. 
PLoS One 2014;9:e107663.

 48 Theodoratou E, McAllister DA, Reed C, et al. Global, regional, and 
national estimates of pneumonia burden in HIV- infected children 
in 2010: a meta- analysis and modelling study. Lancet Infect Dis 
2014;14:1250–8.

 49 McDonald CM, Olofin I, Flaxman S, et al. The effect of multiple 
anthropometric deficits on child mortality: meta- analysis of individual 
data in 10 prospective studies from developing countries. Am J Clin 
Nutr 2013;97:896–901.

 50 The Lancet Global Health. Food insecurity will be the sting in the tail 
of COVID- 19. Lancet Glob Health 2020;8:e737.

http://dx.doi.org/10.1016/S2214-109X(15)00215-6
http://dx.doi.org/10.1111/j.1365-3156.2007.01872.x
http://dx.doi.org/10.1046/j.1365-3156.1998.00283.x
http://dx.doi.org/10.1086/596485
http://dx.doi.org/10.1179/146532808X375404
http://dx.doi.org/10.1179/146532808X375404
http://dx.doi.org/10.1080/02724936.1993.11747655
http://dx.doi.org/10.1080/02724936.1993.11747655
http://dx.doi.org/10.1590/s0034-89101992000600001
http://dx.doi.org/10.1007/s13312-012-0221-3
http://dx.doi.org/10.1093/tropej/fmp030
http://dx.doi.org/10.1093/clinids/12.supplement_8.s1047
http://dx.doi.org/10.1093/infdis/157.4.615
http://dx.doi.org/10.1097/INF.0b013e3182638012
http://dx.doi.org/10.3201/eid2308.151550
http://dx.doi.org/10.1093/ajcn/nqy326
http://dx.doi.org/10.1093/ajcn/nqy326
http://dx.doi.org/10.1371/journal.pone.0107663
http://dx.doi.org/10.1016/S1473-3099(14)70990-9
http://dx.doi.org/10.3945/ajcn.112.047639
http://dx.doi.org/10.3945/ajcn.112.047639
http://dx.doi.org/10.1016/S2214-109X(20)30228-X

	The impact of childhood malnutrition on mortality from pneumonia: a systematic review and network meta-analysis
	Abstract
	Introduction
	Methods
	Selection criteria
	Literature search
	Case definitions
	Data analysis

	Results
	Study characteristics
	Pneumonia mortality risk
	Pneumonia mortality risk by year
	Prevalence of malnutrition in children admitted with pneumonia
	PAF of pneumonia deaths due to child malnutrition

	Discussion
	References


