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Abstract

Background: Burn injuries are a leading cause of morbidity and disability, with the burden of disease
being disproportionately higher in low- and middle-income countries (LMIC). Burn prevention
programmes have led to significant reductions in the incidence of burns in high-income countries.
However, a previous systematic review published in 2015 highlighted that implementation and
evaluation of similar programmes has been limited in LMIC. The objective of this scoping review
and narrative synthesis was to summarise and understand the initiatives that have been carried
out to reduce burn injuries in LMIC and their effectiveness.

Methods: We aimed to identify publications that described studies of effectiveness of burn
prevention interventions applied to any population within a LMIC and measured burn incidence
or burns-related outcomes. Suitable publications were identified from three sources. Firstly, data
was extracted from manuscripts identified in the systematic review published by Rybarczyk et al.
We then performed a search for manuscripts on burn prevention interventions published between
January 2015 and September 2020. Finally, we extracted data from two systematic reviews where
burn evidence was not the primary outcome, which were identified by senior authors. A quality
assessment and narrative synthesis of included manuscripts were performed.

Results: In total, 24 manuscripts were identified and categorized according to intervention
type. The majority of manuscripts (n =16) described education-based interventions. Four
manuscripts focused on environmental modification interventions and four adopted a mixed-
methods approach. All of the education-based initiatives demonstrated improvements in knowl-
edge relating to burn safety or first aid, however few measured the impact of their intervention
on burn incidence. Four manuscripts described population-based educational interventions and
noted reductions in burn incidence. Only one of the four manuscripts describing environmental
modification interventions reported burns as a primary outcome measure, noting a reduction in
burn incidence. All mixed-method interventions demonstrated some positive improvements in
either burn incidence or burns-related safety practices.
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Conclusion: There is a lack of published literature describing large-scale burn prevention pro-
grammes in LMIC that can demonstrate sustained reductions in burn incidence. Population-
level, collaborative projects are necessary to drive forward burn prevention through specific
environmental or legislative changes and supplementary educational programmes.
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Highlights

* We have provided an update on the status of burn prevention programmes in low- and middle-income countries.
* The majority of studies identified in this review described small-scale education-based initiatives that used knowledge-based

outcomes.

* Through our updated search, we identified a number of interventions that demonstrated the potential success of environmental

initiatives through improving unsafe cookstoves.

* Population-level, collaborative projects are necessary to drive forward burn prevention, through specific environmental

interventions and supplementary educational programmes.

Background

Burn injuries represent a significant disease burden on the
world’s population, with nearly 9 million injuries and an
estimated 120,000-180,000 deaths annually [1]. The major-
ity occur in low- and middle-income countries (LMICs),
with almost two-thirds in WHO-defined African and South-
East Asia regions. This contrasts with many high-income
countries, where burn death rates have been decreasing over
time. Non-fatal burns are also one of the leading causes
of morbidity and disability. Almost 18 million disability
adjusted life years (DALYs) can be accounted to burns with
a disproportionate 90% of this burden again being borne
by LMICs. In Bangladesh, Colombia, Egypt and Pakistan,
burn injuries account for up to 18% of permanent disabilities
[2]. Additionally, disfigurements cause significant emotional
and physical suffering which further ostracise burn survivors
from society [3]. Furthermore, burn injuries inflict heavy
healthcare costs [4]; by one estimate the life-time health
costs of a serious burn are five times that of either HIV or
stroke [5].

Burn preventative intervention strategies can be catego-
rized into three domains: education, environmental modifi-
cation and mixed methods initiatives. Interventions may be
applied within sub-populations including schools and local
communities, or at population levels [6,7].

Burn prevention programmes, such as public education
and environmental modification (including, smoke alarms
and fire-retardant fabrics) have had a significant positive
impact on incidence of burn injuries in high-income coun-
tries (HIC) [8-10]. Well-designed intervention programmes
in HICs have also demonstrated cost effectiveness [8]. In this
paper we have performed a scoping systematic review and
narrative synthesis of research evidence on burn prevention
in LMIC. In doing so we build on the systematic review
by Rybarczyk er al. [7] and extend it to include studies
of interventions where burn evidence was not the primary

outcome. Such studies could be of two types: intervention to
prevent injuries as a whole where burns were a sub-group and
interventions to reduce indoor pollution where burns were a
secondary outcome.

Methods

Literature retrieval: overview and review questions
The proposed scoping review will be conducted in accordance
with the Joanna Briggs Institute (JBI) methodology for scop-
ing reviews [11]. The protocol for this review was registered
on PROSPERO (registration number: CRD42021229045).
We carried out a search specifically for manuscripts describ-
ing studies of effectiveness of interventions to prevent burn
injury in LMIC (World Bank Classification of Countries [12]).
Manuscripts were identified from three sources (Figure 1).
Firstly, data was extracted from manuscripts identified in an
existing systematic review by Rybarczyk et al. [7]. Secondly,
we updated Rybarczyk’s review by performing a search for
manuscripts on burn preventive interventions in LMIC, pub-
lished between January 2015 and September 2020. Thirdly,
we scanned the reference list of full text papers as well as
utilized knowledge from the senior authors and personal con-
tacts and academic networks to identify papers not identified
with the previous two methods. Two other relevant systematic
reviews were identified by two senior authors using this
method and data extracted from them [13,14].

We developed a set of research questions that we hypoth-
esized would be useful in the development of future burn
prevention initiatives.

(1) What types of burn prevention initiatives have been car-
ried out in LMIC?

(2) What are the characteristics of the targeted populations
in these studies?

(3) What methodologies have been used to deliver and study
the effectiveness of these burn prevention initiatives?
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2. Updated systematic review
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Cochrane Library (627) and Web of
Science (1390)
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Removal of duplicates
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197 manuscripts
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1. Existing systematic review

Interventions conducted in
LMIC with quantitative outcomes

relating to burns incidence or
process outcomes which may
[contribute towards the prevention|
of burn injuries

3. Other systematic reviews

Tupetz et al. Prevention of
64 excluded | childhood unintentional injuries
in low- and middie-income
(7 alvgady countries: A systematic review
identified) (1988 - 2020)

Rybarczyk et al. Prevention of
burns in low- and middle- income
countries: A systematic review

1 excluded |
» 10
|

ipts H 24 manuscripts

Woolley et al. Effectiveness of

(1983 - 2015)

interventions to reduce
household air pollution from
isolid biomass fuels and improve|
maternal and child health
outcomes in low and middle
income countries; a systematic
review and meta-analysis
(1947 - 2020)

9 excluded

Figure 1. PRISMA flow diagram of the systematic review process. PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analyses, LMIC low- and

middle-income countries

(4) How effective have these burn prevention initiatives been
and are the results sustained?

(5) What evidence gaps exist in the current burn prevention
literature?

Inclusion and exclusion criteria
Participants Participants of all genders and ages were
included in this study.

Concept We applied the following exclusion and inclusion
criteria when screening all manuscripts identified from our
three sources listed above. Manuscripts were excluded based
on the following criteria: not in English language; non-human
studies; not a full text; manuscripts that did not cover preven-
tion of thermal, chemical or electrical burns. The inclusion
criteria were applied in two stages.

(1) Manuscripts were included if the focus of the intervention
relates to the prevention of burn injuries or the prevention
of burns alongside other injuries.

(2) Manuscripts were included if the interventions were
conducted in LMIC and included quantitative outcomes
relating to burns incidence (with or without statistical
analysis) or process outcomes that may contribute
towards the prevention of burn injuries.

Context All participants from low- and middle- income
countries as defined by the World Bank Atlas method were
included [12].

Search strategy

Existing systematic review We identified an existing system-
atic review published in 2016 by Rybarczyk et al. [7]. This
review searched for literature published between 1983 and
2015 on preventative strategies to reduce burn injury in
LMIC. They identified 11 manuscripts, however their exact
search strategy was not published or made available. We
applied our exclusion and inclusion criteria to screen and
extract papers from this review.

Update of existing systematic review The search was per-
formed using MEDLINE, EMBASE, the Cochrane Library
and Web of Science. We replicated the search of Rybarczyk
et al. [7] as closely as possible. Searches were conducted by
combining keywords relating to ‘burns’ with keywords relat-
ing to ‘prevention’ or ‘intervention’. Abstracts were limited to
English language, human studies and publications between
January 2015 and September 2020. Following removal of
duplicates, 3787 manuscripts were identified. Two authors
[KP, KCL] then reviewed the remaining manuscripts by apply-
ing the exclusion followed by the inclusion criteria. Conflicts
were resolved by a third author [NM].

1202 49qWISAON GO U0 1s8NB Aq ZHE L #9/2€£00EN/ISUING/E60 L 0 L/10P/3|oILE/BWNESUING/WO00" dNo-olWapede//:Ssdny Wolj papeojumoq



Burns & Trauma, 2021, Vol. 9, tkab037

Other relevant systematic reviews We discerned that the scop-
ing review may fail to detect some injury prevention stud-
ies where burns were a secondary outcome or studies that
alter fuel sources to improve air quality and record burns
as a secondary outcome. Using the ‘snowballing’ method,
two other systematic reviews were identified by two senior
authors which included manuscripts relating to burns preven-
tion in LMIC. One review recorded burns as a sub-group in
studies designed to prevent injury as a whole and the other
review included burns as a secondary outcome in studies
designed to reduce indoor pollution and where respiratory
disease was the main outcome. We applied our exclusion and
inclusion criteria to screen and extract manuscripts from these
additional reviews.

Evidence screening, data extraction and quality
assessment

We generated a consolidated list of manuscripts from the
above three sources. Full manuscripts were then reviewed in
detail, ensuring they fulfilled our inclusion criteria.

Data extracted from the manuscripts retrieved across all
three sources included the population studied, study design,
sample size, domain of intervention, intervention details,
method of data collection, follow-up time, demographic clin-
ical features and outcome measures.

Outcomes included burns incidence and process outcomes,
such as burns-related knowledge, and environmental modifi-
cations such as the removal of environmental hazards. For the
studies involving large populations (education-media-based
population level initiatives), aspects of intervention delivery
as defined by Steckler et al. including recruitment, reach,
intended dose and fidelity were also analysed [15].

Two authors (KP and KCL) conducted a quality assess-
ment for all included manuscripts. We used the following
tools to assess quality. (1) For studies with a pre-post
design we used the National Institutes of Health (NIH) bias
assessment tool. (2) For non-randomized studies we used
the Cochrane Risk Of Bias In Non-randomized Studies—of
Interventions (ROBINS-I) tool. (3) For randomized studies we
used the Risk of Bias I (ROB-I) tool [16-18]. Disagreements
were resolved by consensus or based on discussions with
senior authors (NM, RL).

Results

Study selection
Across all three sources of search (Figure 1), we identified 24
manuscripts that met our inclusion criteria and describe 24
studies relating to the prevention of burn injuries in LMIC.
Our first source, Rybarczyk’s systematic review, identified
11 manuscripts [7]. One of these manuscripts was excluded
from our review as it was a systematic review of epidemiologi-
cal papers, which failed to clearly describe a burns prevention
strategy with outcomes relating to burns incidence or relevant
process outcomes [19]. Rybarczyk’s review thus identified 10
of the 24 studies identified in our review.

The second source of papers was our search for burn pre-
vention interventions in LMIC, published between January
2015 and September 2020. This produced 3787 abstracts
following removal of duplicates (nz =460). After screening for
titles and exclusion criteria, the remaining 1480 manuscripts
were then screened using the two-step approach mentioned
above, yielding 197 manuscripts that had a primary focus on
interventions specifically relating to the prevention of burns
or burns in addition to other injuries. Of these manuscripts,
8 described studies of preventative interventions conducted
in LMIC with outcomes relating to burns incidence and/or
process outcomes and were included in the final analysis.

The third source, the two other systematic reviews, yielded
3 suitable manuscripts from each review. The first review
investigated the impact of biomass stoves on respiratory
health and included burn injury as an outcome measure [13].
The second focused on childhood injury prevention in LMIC
and included studies that described interventions to prevent
burn injury [14].

Methodology of studies and outcome types

Of the 24 included studies, seven were from India, four from
Iran, three from China, three from South Africa and one
each from Zambia, Ethiopia, Rwanda, Malawi, Indonesia,
Turkey and Brazil. Studies were categorized according to the
three intervention domains identified in the introduction and
the population with which the intervention is applied. This
left us with five groups (Tables 1-5): (1) education-school-
based initiatives (6 studies), (2) education—community-based
initiatives (6 studies), (3) education-media-based population
level initiatives (4 studies), (4) environmental initiatives (4
studies) and (5) mixed-method initiatives (4 studies).

Table 6 provides an overview of factors that may be
addressed to reduce burn injury and outlines the frequency
with which the studies address each factor as part of their
intervention. We identified no studies of the effect of regula-
tion or regulation enforcement in LMICs.

Regarding study-design, most studies were,whereby out-
comes were measured before and after the intervention was
applied (12 studies), followed by randomized control trials
(RCTs) (8 studies) and non-randomized trials with concurrent
controls (4 studies). Table 7 summarises the measurement
methods and outcomes observed in the studies. The majority
of studies (67%) utilized self-reported questionnaires (with
3 studies combining both self-reported questionnaires and
self-reported environment risk assessments) and the most
commonly studied outcomes were the assessment of burn
prevention knowledge and burns incidence.

Risk of bias

The risk of bias for the included studies is presented in
Tables 8-10, divided according to study design. Due to the
heterogeneity of the included studies in terms of intervention,
methodologies, population and study design, different tools
had to be utilized to analyse the risk of bias across the
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Table 6. Frequency of burn-related factors addressed by interventions described within studies*

Intervention subtypes (total number of studies)
Education: school (6)

Factors addressed by intervention

Education: community (6) Media based ion level | Envir 1 (4) Mixed (4)

(a)

Fire hazards

Thermal burns

Electrical hazards

Chemical hazards

Industrial hazards

Kitchen/cooking safety

Non-specific safety advice
Intentional injury

Burns first aid
Fireworks/festivals
Paraffin use

Unsafe cookstoves
Kerosene use

Liquid petroleum gas use

Legislation
*Studies may address more than one factor as part of their intervention.

Factors addressed by > 50% of studies in each intervention type

Factors addressed by <50% of studies in each intervention type
. Factors not addressed

Table 7. Methodology of studies and outcome types

Variable

Number of studies

Measurement methods
Questionnaires (self-reported)
Hospital records
Environment risk assessment (self-reported)
Environment risk assessment (home survey)
Structured interview
Data registry system
Outcomes
Burn prevention knowledge
Burns incidence
Burn first aid knowledge
Environment risk assessment
Burn mortality
Cost reduction and satisfaction survey

studies. It was necessary to critique many kinds of study
design in contexts where the theoretically optimal study was
not practically achievable. We felt that in such instances,
the mechanical application of quality criteria was unfair.
Adjudicating on RCTs on the basis of the ROB-I tool was
relatively straightforward. However, judgement of studies
based on other designs has to be more nuanced since they
cover topics that impose different constraints. For example,
educational interventions in tightly defined populations such
as schools pose different issues in terms of blinding/masking
and sampling compared to mass media campaigns covering a
whole city. We have taken steps to reduce the subjectivity, e.g.
by using two authors and adjudication by two senior authors.
In general, the studies appear to have many shortcomings,
with the quality of studies ranging from moderate to poor
but there appears to be a trend of improvement with newer
studies.

Findings of many school- and community-based
education initiatives are compromised as only the success

of knowledge acquisition has been reported but not
the fidelity of implementation as intended by the study
designers. The only study in which the fidelity of imple-
mentation was measured was in the study by Schwebel
et al. in which a post-intervention survey was conducted
to assess the quantity and quality of the safety education
provided [20].

A number of issues relating to the quality of the pre-
post studies were identified using the NIH criteria [16].
This included the fact that none of the studies performed
sample size calculations. In addition, none of the studies
stated whether assessors were blinded to the participants’
exposures/interventions, although it is difficult to achieve this
with large population interventions.

The quality of the non-randomized studies was generally
better than those using a pre-post design. The key concern
regarding the quality of these studies was the risk of bias aris-
ing from missing end-line data within the post-intervention
analyses.
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Table 8. Summary of risk of bias for pre-post-studies according to the NIH criteria

Criteria number

Authors (year) Overall rating
Mohan et al. (1990) [37]
Sunder et al. (1998) [34]
Sinha et al. (2011) [26]
Jetten et al. (2011) [43]
Sarma (2011) [35] Y |
Heard et al. (2013) [27] Yy |
Chamania et al. (2015) [41] | ¥ | Y |cop
Kahriman et al. (2018) [33] ly | | co
Chan et al. (2018) [42] '
Homaie et al. (2019) [36]
Hasibuan et al. (2019) [32]
Bagheri et al. (2021) [28]

Y= Yes, N= No, CD= Cannot determine
Pre-post studies bias criteria (NIH)

(1) Was the study question or objective clearly stated?

(2) Were eligibility/selection criteria for the study population prespecified and clearly described?

(3) Were the participants in the study representative of those who would be eligible for the test/service/intervention in the general or clinical population of interest?

(4) Were all eligible participants that met the prespecified entry criteria enrolled?

(5) Was the sample size sufficiently large to provide confidence in the findings?

(6) Was the test/service/intervention clearly described and delivered consistently across the study population?

(7) Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study participants?

(8) Were the people assessing the outcomes blinded to the participants' exposures/interventions?

9) Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?

(10) Did the statistical methods examine changes in outcome measures from before to after the intervention? Were statistical tests done that provided p values for the pre-to-post changes?

(11) Were outcome measures of interest taken multiple times before the intervention and multiple times after the intervention (i.e., did they use an interrupted time-series design)?

(12) If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical analysis take into account the use of individual-level data to determine effects at the gro
level?

Table 9. Summary of risk of bias for non-randomized studies according to the Cochrane ROBINS-I criteria

Pre-intervention At intervention Post intervention Overall risk of bias
Bias in .. Bias due to
. Bias in S o s S
selection deviations  Bias due Biasin Bias in

Bias due to classificatio - :
- from to measureme  selection of Low/moderate/serio
Authors (year) confoundi n of

ng

participan . : intended missing  nt of the reported  us/critical
- interventio . :

ts into the interventio  data outcomes result

study

Keswani ‘

(1986) [30] No info No info
Ahmadi et al.

(2007) [38] Moderate

Gimeniz-

Paschoal et al.

(2009) [31]

Wang et al.
(2015) [29] |
* Loss to follow up not calculable due to study design

Table 10. Summary of risk of bias for randomized studies according to the Cochrane ROB-I criteria

Random : Blinding of Blinding of
Allocation e
Authors (year) sequence participantsand = outcome

s concealment
generation personnel assessment

(2008) [23] Lo :
Odendaal et al. -
(2009) [21] Unclear Unclear Unclear

Schwebel et al.
(2009) [20] Unclear Unclear
Cao et al. (2015)
[25] Unclear Unclear
Mortimer et al.
(2017) [40] ‘
Afshari et al.

(2017) [22]

Kirby et al. (2019) \

Incomplete Selective Other
outcome data reporting bias

Unclear

[24]
Adane et al.

(2021) [39]
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Five of the eight RCTs were cluster trials while three were
individual trials (Schwebel et al. [20], Odendaal et al. [21]
and Afshari et al. [22]). All three of these individual RCT’s
were educational, though Schwebel et al. and Odendaal et al.
included elements of enforcement (home inspection hazard
checking) and Odendaal ef al. included the distribution
of safety devices. Adequate randomization methods and
allocation concealment were described in only four of eight
studies, with none of the individual RCTs achieving this
standard. Double-blinding was cited in only three studies. The
importance of blinding is arguable in studies where the
outcome is objective (e.g. questionnaire scores or burns
incidence,) but important where there may be a degree of
subjectivity, e.g. home hazard surveys performed by home
visitors (e.g. Swart et al. [23], Odendaal et al. [21] and
Schwebel et al. [20]). Incomplete outcome data was found
in four studies with loss to follow-up (Schwebel et al. [20],
Kirby et al. [24], Swart et al. [23] and Cao et al. [25]). In
the studies by Schwebel et al., Kirby et al. and Swart et al.,
the loss to follow-up was small (for Schwebel et al. <15%
in both intervention and control groups, for Kirby ef al. and
Swart et al. <10% in both groups) however the study by
Cao et al. had considerable loss to follow-up in the control
group (17% in intervention group and 41% in control group)
[20,23-25].

Educational initiatives—school-based

Table 1 describes six educational-based initiatives delivered
within the school environment. The interventions varied from
single modalities such as educational books [26,27] and story-
telling [28] to structured multi-modality educational training
programmes that combine learning strategies such as lectures,
written materials and practical workshops [25,29,30]. Four of
the studies aimed to prevent burn injuries alone [26-28,30]
and two studies aimed to prevent burns as well as other
injuries such as falls and drownings [25,29]. The outcomes
measured included knowledge in five studies and the inci-
dence of burns in two studies. As it turned out, the single
modality studies [26-28], adopted a pre-post design without
contemporaneous controls while the multi-modality training
programmes [25,29,30] all used contemporaneous control
groups; one of these was a cluster RCT [25]. Five of the
six studies used questionnaires to assess children’s knowl-
edge before and after the educational intervention, of which
three studies noted significant improvements [25,26,28]. One
study found significant improvements in educational out-
comes with no associated reduction in injuries overall (they
did not report specifically on burn injuries) [25]. The single
study that did not include knowledge as an outcome reported
a significant reduction in burns incidence in the intervention
group [29].

Educational initiatives—community-based

Table 2 describes six educational-based initiatives delivered
within the community setting. As with the school-based
educational initiatives, half of the included studies used

contemporaneous control groups [20,22,31] and the remain-
der used a pre-post design with no contemporaneous control
[32-34]. Three studies directed their interventions at parents
with the aim of avoiding child injury [22,31,33], two studies
recruited households irrespective of the presence of children
[20,32] and one study focused on burns prevention in
industrial workers [34]. Five of the studies used knowledge
as an outcome measure [20,22,31-33]. This was measured
over short follow-up periods, the greatest being 2 months
by Afshari e al. [22]. All five studies reported a significant
improvement in knowledge-related outcomes. Two of the
studies which used knowledge as an outcome also conducted
home hazard assessments as an additional measure of burns-
related safety practices. They noted significant improvements
in burns-related safety practices in the short term [20,33].
Only two of the six studies included burns incidence as
an outcome [22,34]. Afshari et al. asked participants to
self-report burn injuries and recorded a reduction in burns
incidence, although a statistical analysis was not carried out
[22]. Sunder and Bharat measured burn rates by observing
hospital inpatient and outpatient records over a period of 3
years and found a reduction in burns incidence but again this
was not tested statistically [34].

Education—-media-based population-level initiatives
Mass media campaigns that utilize multiple media includ-
ing print (e.g. posters and newspapers), audio, visual media
(such as radio and television) and social media have been
used commonly in an attempt to influence health related
behaviours at a population level. We found four studies
describing evaluations of population-level media initiatives
(Table 3). In each case a multi-media intervention strategy
was used. The interventions were designed to reduce burn
injuries only.

Three of the four studies [35-37] targeted, either as part
of the intervention or as its sole focus, firework-related burns
during festivals such as Diwali in India or the Persian firework
festival. The remaining study by Ahmadi et al. targeted self-
immolation in young women [38]. A combination of interven-
tions were utilised in the studies including printed media such
as newspapers, visual media such as banners and posters and
audio-visual media such as radio and television in order to
reach as wide as an audience as possible with the more recent
study by Homaie ef al. also utilising social media [36]. In
general, these studies showed a positive association between
mass media interventions and cause specific burn incidences
(e.g. self-immolation rates fell by 57% in the study by Ahmadi
and Ytterstad [38]). The study by Homaie et al. was also
unique in that it modelled the change in DALY due to the
interventions and found a significant reduction of 3.27 years
in DALY (p =0.0460) [36]. The four included studies had
variable intervention periods ranging from 1 to 7 years. In
terms of follow-up periods, again this was variable, with one
study [35] having a follow-up period of 7 years whereas
others had a short follow-up period (1 year). One study did
not carry out follow-up beyond the 3 year intervention period
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[38]. Sarma suggests that longer periods of intervention result
in better knowledge retention, however as there was no
year-by-year analysis in that study this suggestion was not
confirmed empirically [35].

Environmental initiatives

Table 4 describes four studies that evaluated modifications
to the home environment, such as improved cookstoves and
better ambient lighting to reduce household burn injuries. We
found three studies of improved cookstoves [24,39,40] where
the primary aim of the study was to reduce rates of lower
respiratory tract infections and where burns incidence was a
secondary outcome. The success of these interventions was
variable: Kirby et al. reported a drop in burn injures (3.6
to 1.8%, p <0.001) [24] which was not replicated in the
other two studies [39,40]. Although educational campaigns
were used as part of the intervention, they were focused
on promoting use of the improved cookstoves rather than
burn prevention. Chamania et al. however replaced tradi-
tional biomass (kerosene) lamps with non-biomass alterna-
tives (LED or solar lamps) and reported no lamp-related
burns in the subsequent 6-month follow-up period compared
to 23 burns in the preceding 5 years [41].

Mixed educational and environmental initiatives

Table 5 describes four studies that used a mixture of educa-
tional and environmental initiatives to prevent burns. These
studies differ from the environmental studies described above
in that they included an educational component in addition
to the environmental modification. Two studies used educa-
tional programmes including face-to-face teaching sessions
and film [42,4 3] whilst the other two used home visits [21,23].
Environmental interventions in the four studies included dis-
tribution of safety devices such as fire blankets, barriers and
child-proof locks or paraffin safety cups. All but one of the
four studies (Jetten et al. [43]) measured only change in
knowledge but not actual change in burn incidences. Follow-
up post-intervention was short for all studies ranging from
1 week to 17 months. Duration of follow-up is important
because effects might not be sustained; the study with the
longest follow up showed that only 65.5% of participants
were still using the fire safety devices they were supplied with
at 17 months [42]. All four studies showed improvement
in their measured outcomes of burn prevention knowledge,
use of safety devices and burn incidences, though this was
not always related to the use of the safety devices. For
example, in the study by Swart et al., paraffin safety cups and
child-proof locks were provided, however the study showed
no significant improvement using paraffin [p =0.911, 95%
confidence interval (CI) —0.64 to —0.57] or electrical safety
practices (p =0.294, 95% CI —0.54 to 0.16) [23].

Discussion

Overview
This scoping systematic review was conducted to identify lit-
erature on burns prevention strategies in LMIC. We updated

and extended the systematic review published by Rybarczyk
et al. in 2016 [7]. We have presented the results of 24 studies
describing educational, environmental and mixed-methods
initiatives, conducted across 11 LMIC between 1986 and
2020.

Methodology

Half of our 24 studies were before and after designs from
which causal inferences cannot be made directly. That said,
it is difficult to establish controlled trials for certain types of
intervention such as mass media campaigns. One of the many
sources of confounding in such studies is temporal effects
generally and the phenomenon of regression to the mean in
particular. The latter problem arises when an intervention
is a response to a sudden, and potentially random, spike in
events. Such an example may have explained the dramatic
reductions in fire incidence and related fatalities observed in
the Oklahoma fire alarm study [8]. One way to mitigate the
risk of over-interpreting a temporal trend as an intervention
effect is to conduct a time series analysis. Only two of the 12
before and after studies took this form [28,42].

Most educational interventions used knowledge alone as
an outcome whereas this is a necessary, but not sufficient,
condition for reduced burns incidence [44,45]. Knowledge
tests were often conducted immediately following completion
of the educational intervention, omitting assessment of long-
term knowledge retention.

There is a clear lack of evidence in the included studies
on the sustained effect of the interventions used. None of
the studies included an explicit definition of sustainabil-
ity, although some studies have acknowledged their lack
of evidence of the sustainability of their interventions and
the importance of measuring this in future studies [21,24].
Most of the follow-up periods of studies were too short to
gauge whether reductions in burn incidence were sustained
(<1 month) [20,21,23,31] and some studies did not even
mention the duration of follow-up [30,32,33]. The longest
follow-up period was 7 years in the study by Sarma [35] and
even in this study the analysis was done using pre- (6 years)
and post- (7 years) intervention blocks and there was a lack of
year by year analysis of sustained effect of the interventions.
Though not explicably stated, the lack of investigation of
the facilitating and hindering factors of the interventions
and of long-term follow-up in these studies are likely due to
limitations of staff and funding.

Studies with contemporaneous controls also had several
limitations. Some do not focus on burns but consider injury
prevention as a whole [22,25,29], and for those reporting
burns incidence, some do not provide information regarding
the severity of recorded burns [22,29].

Intervention types studied

Of the 24 identified studies, 16 aim to reduce burn injury
by providing education rather than by environmental mod-
ifications, such as substituting liquefied petroleum gas and
kerosene for safer alternatives, improving electrical safety
systems and enforcing workplace safety [46,47]. The majority
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of the educational interventions showed that knowledge was
improved, at least in the short-term; sustainability and effects
on burn rates were inadequately studied as mentioned above.
Our review identified only four studies with a sole focus on
environmental change and a further four where environmen-
tal change was combined with an educational intervention
[24,39-41]. Despite not being the primary outcome, two of
the three improved cookstove studies reported significant
reductions in burns incidence [24,40]. Replacement of the
kerosene lamps also yielded a reduction in self-reported pro-
portions of burns; however, this was not statistically assessed
[41].

The identified need for evaluation of environmental
change interventions

Across many hazards to which humans are exposed, passive
interventions that rely on product modification, environmen-
tal redesign or control and legislation are more effective
than active measures, such as education [6]. Application of
environmental initiatives at the population level has been
successfully demonstrated in high-income countries. A key
example is the widespread introduction and use of smoke
detectors and alarms in the USA, with 96% of households
reporting that they had a smoke alarm installed by 1993.
Death rates from fires reduced by almost 50% between
1981 and 1997 and it is likely that at least some of this
improvement was caused by fire alarms [48].

We identified two non-published studies that demonstrate
the potential successes of environmental-based initiatives;
specifically, the replacement and modification of household
cookstoves. The first was a quasi-experimental study con-
ducted in Madagascar in 2011 [49]. The authors noted a
significant reduction in burn injuries following the use of
ethanol and improved wood stoves compared to their control.
The second study took place in Guatemala between 1992 and
1994 [50]. Researchers noted a reduction in burns incidence
following the use of improved wood stoves when compared
to the use of open stoves, though this was not statistically
significant.

There is thus a need for greater emphasis on research into
the effectiveness of engineering and environmental modifi-
cation on burns incidences in LMIC [49-50]. However, it is
often easier for researchers to implement and evaluate a com-
munity behaviour change intervention than an intervention to
enforce regulation or introduce environmental modifications.
The solution we propose is collaboration between policy
makers and researchers, so that new interventions can be
evaluated prospectively. This may provide opportunity for
concurrent legislative changes, which have maximized uptake
of burns prevention initiatives in HIC [48].

We cite as an example a report published by researchers
from the University of Stellenbosch who conducted a pilot
project assessing the impact of smoke alarm installation
across informal settlements in Cape Town. Authors noted
that their collaborative efforts with fire services, local leaders
and community members, significantly contributed towards

community uptake and resultant improvements in fire protec-
tion. Unfortunately the cost of this project was not reported,
leaving doubts about the scalability of widespread application
of this programme [51]. Future projects should attempt to cal-
culate the intervention costs and offset these against potential
savings in terms of health costs, and productivity and health
benefit.

Supporting the implementation of environmental
interventions

Co-existing educational programmes can improve the appli-
cation of environmental initiatives [52]. Education can elicit
behaviour change, which is beneficial for implementation of
user-dependent interventions [53]. For example, it has been
suggested that improved education regarding maintenance
of smoke detectors and responding to smoke alarms can
improve the efficacy of these systems [48,54]. The association
between education and behaviour change was explored by
two studies included in this review, which noted significant
improvements in burns-related safety practices because of
educational programmes [21,23].

The media and population-level educational studies
described within this review demonstrated that the use of
multi-media intervention strategies can be successful when
targeting large populations. This has been shown in other
non-burn studies that demonstrated greater success where
multiple different interventions are used [55] or if policies are
designed to motivate behaviour change [56].

Assessing the impact of proposed interventions
Determining causal relations between intervention and
effect can be challenging when non-burn specific outcome
measures, such as knowledge, are used. We reinforce the
recommendation made by Rybarczyk et al. to use burn-
specific outcome measures such as burns incidence. Mortality
is a rare outcome across a population, and morbidity changes
may also fail to reveal the massive quality of life impact of
severe burns which are easily lost in the noise at the level of
the population at which preventative efforts are inevitably
applied [7].

To collect data on burns incidence, self-report question-
naires can be used to record burns acquired over specified
time periods. This method can capture self-treated or com-
munity managed burns, which may not appear on clinical
databases. It also enables data collection in areas where
hospital resources may be poor or inaccessible. However,
recall bias may dilute effect, especially for the most common
small burns. WHO guidance suggests allowing a recall period
of up to 3 months for minor injuries and 12 months for more
severe injuries [57]. This guidance may be applied in future
studies to minimize discrepancies in self-reported data.

Population-based interventions may use burn registries
based on hospital data to capture incidence over longer peri-
ods [58]. The Global Burn Registry provides a standardized
template to record the cause of burns and severity measures
such as total body surface area, which can be used to estimate
burden of disease [36]. However, hospital databases even if
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complete only capture severe burns. In LMIC large propor-
tions of the population have poor access to formal medical
care and may be cared for outside of tertiary centres [59—
62] and it is therefore difficult to collect incidences of smaller
burns that do not result in referral to major centres.

Limitations

Limitations of this systematic review include our inclusion
and exclusion criteria; it is possible that potentially informa-
tive qualitative or informal studies may have been excluded.
We did not have access to the search strings used by Rybar-
cyck et al. and therefore we cannot be certain that our search
strategy was an exact replica. Other preventative studies
or systematic reviews, where burns-related outcomes were
not a key focus, may have been missed during screening.
Despite some examples being provided in the discussion, due
to resource limitations we were unable to complete a com-
prehensive search for burn prevention studies within the grey
literature. Furthermore, exclusion of non-English language
studies limits the breadth of literature included in this review.

Conclusions

This review synthesises and provides an update on the status
of burns prevention interventions in LMIC. Through our
updated review, we have identified several environmental
initiatives where burns were recorded as a secondary out-
come. We also identified one large-scale population-based
study that demonstrated reductions in burns incidence and
burden of disease. However, most studies were still restricted
to small-scale educational initiatives and lacking in long-term
follow-up and clear outcomes to suggest an impact on burns
morbidity and mortality. Across all studies included in this
review, there is still little focus on legislative or environ-
mental interventions that target the major contributors of
burns in LMIC. Population-level, collaborative projects are
necessary to drive forward burn prevention through specific
environmental interventions and supplementary educational
programmes.
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