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Abstract
Study objective - To study risk factors for
childhood burns in order to identify pos-
sible preventive strategies.
Design - Case-control design with pair
matching of controls to cases in relation
to age, sex, and area of residence. The
cases and controls were identified by a
community based, multisite survey. The
effects of host and socioenvironmental
variables reported by mothers were in-
vestigated in a multivariate analysis using
conditional logistic regression.
Setting - A developing country setting -

the Ashanti Region in Ghana.
Participants - These comprised 610 cases

aged 0-5 years who had been burned (as
evidenced by a visible scar) and 610 con-

trols with no burn history.
Main results - The presence of a pre-
existing impairment in a child was the
strongest risk factor in this population
(OR=6.71; 95% CI 2-78, 16.16). Other sig-
nificant risk factors included: sibling death
from a burn (OR=4.41; 95% CI 1-16,
16-68); history of burn in a sibling (OR=
1-79; 95% CI 1-24, 2.58); and storage of a
flammable substance in the home (OR=
151; 95% CI 1-03; 2.21). Maternal edu-
cation had a protective effect against child-
hood burns, although this effect was not
strong (OR=0-76; 95% CI 0 55, 1.05).
Conclusions - Community programmes
to ensure adequate child supervision and
general child wellbeing, particularly for
those with impairments, as well as par-
ental education about burns are re-

commended, to reduce childhood burns in

this region of Ghana. The public should
be advised against storing flammable sub-
stances in the home.

(_JEpidemiol Community Health 1995;49:189-193)

Bums are an important cause of mortality and
disability in children in developing coun-
tries,'-8 but our knowledge of risk factors for
these is limited. Even though the exact mag-
nitude of the problem has not been doc-
umented, anecdotal evidence from clinical
practice shows that children are bumed fre-
quently throughout Ghana. While no study has
been conducted on the epidemiology of bums
in Ghana, such studies have been undertaken
in other developing countries. Most studies,
however, are based on hospital records9-'7

which are likely to underestimate appreciably
the number of cases in a developing country
since many people have no access to modem
health care. We could identify only three popu-
lation based studies, one of which is
unpublished.'8"9 However, these studies were
limited by small sample size, covered only a
small geographical area, or both.
A further limitation of studies to date is that

none used controls to draw valid inferences
about the relative importance of risk factors.
For example, Sridhar recommended constant
supervision of children and insuring safe heat-
ing and cooking appliances.9 These are all
plausible ways of preventing childhood bums,
but without comparing the exposure to these
putative risk factors within a control group of
children, it is impossible to assess the import-
ance of any of these factors.

In this study we report the results of a case-
control investigation of risk factors for child-
hoodbums in Ghanaian children aged 0-5 years
using a community based, multisite approach.

Methods
STUDY AREA AND IDENTIFICATION OF CASES AND
CONTROLS
The Republic of Ghana is divided into 10
administrative regions. Ashanti Region, the
study area, comprises 18 districts, and with an
estimated population of 2-3 million,20 it is the
most populous region in the country. A house
to house survey was conducted in Ashanti be-
tween July and December 1992 to identify
children aged 0-5 years (0-71 months) who
had been bumed. A scar, evidence of the bum
injury, had to be seen by the study investigators
in order for subjects to be eligible for inclusion
as cases in the study.
The sampling for the survey was based on a

frame used for the 1988 Ghana demographic
and health survey for the Ashanti Region.2'
Fifty enumeration areas (EAs) or primary sam-
pling units (PSUs), hereafter referred to as
"study sites", were randomly selected with
equal probability from a total of 2177 EAs
in the region. A number of households were
systematically selected from the study sites until
about 300 children had been listed.
The head or caretaker of each selected house

was seen. All children less than 6 years old
residing in the house were counted. Mothers
were asked about the presence of bum scars.
Then the children were "checked" for the pres-
ence or absence of a bum scar. Data on the
number of children and each child's bum scars
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were entered on a listing form by trained health
inspectors and assistants. About 300 children
were sampled per site yielding a total of 15 742
children. This sample gave the study a 90%
power of detecting a 40% reduction in risk
between cases of burns and their controls (risk
ratio=0 6) with 95% certainty.
The final sampling procedure involved the se-

lection ofcases and controls from the completed
list of children for a more detailed follow up
survey. The study protocol was approved by the
human subjects committee oftheJohns Hopkins
University School ofHygiene and Public Health
and the Ministry of Health of Ghana.
Case selection A case was defined as a child
aged 0-5 years with evidence of any type of
burn by maternal report, confirmed by the
inspecting assistant. No problems were en-
countered with getting subjects undressed,
when it was necessary for scar or wound as-
certainment.
Control selection A control was defined as a
child aged 0-5 years old without any evidence
of burn by maternal report. One control per
case was selected from a list pair-matched to
each case on age within 6 months, sex, and
area of residence. Controls were selected from
the pair-matched list by choosing the house
closest to that of the case. In situations where
the selected control could not be reached after
two attempts, a substitute was selected from
the next closest person on the list.

FOLLOW UP INTERVIEW
Approximately one to three months after the
initial (listing) survey, mothers or the usual
caretakers of the selected cases and controls
were interviewed by trained medical student
interviewers using a standard questionnaire.
The questionnaire elicited information on the
characteristics of the child, including age at
time of the burn, sex, tribe, birth order, history
of previous injury, sibling burn and sibling
death from a burn, and his or her socio-
environment. This includes parental education,
income, presence of parents at the time of the
burn, family size, father's smoking habits, and
hours spent away from home by the mother.
Information on storage of flammable sub-
stances in the home and whether the family
had received instruction about what to do for a
burn was also obtained. Any child with hearing
loss, difficulty in seeing, lameness, or a history
of epilepsy or a convulsion, was considered to
have a pre-existing impairment.

BURN, IMPAIRMENT, AND DISABILITY
ASSESSMENT
Maternal reports of childhood burns made to
the health inspectors were confirmed by the
trained medical student interviewers who
sketched the areas of scars and depigmentation,
as well as any impairment or disability on a
burn assessment chart. The body surface area
(BSA) burned was estimated using the "rule
of nines" modified for children.22 In addition,
50 completed charts were randomly selected

by the first author for verification purposes and
the chart data were compared with the scars
on the children.

STATISTICAL ANALYSIS
Statistical analyses were performed using EPI
INFO version 523 software on a personal com-
puter and SAS24 and EGRETIPECAN25 soft-
ware on a mainframe computer.
We first compared our study sample with the

regional population on selected demographic
variables to ensure that the sample was rep-
resentative of the region. Of the 955 children
listed in the survey as having ever been burned,
completed interviews were obtained with the
mothers of 630 (66%), of whom 20 had been
burned twice. We could not interview the moth-
ers in four of the 50 study sites (85 children)
because these areas were inaccessible by or-
dinary vehicle due to bad weather. The dwelling
places of36 other children could not be located.
A further 59 children had relocated and could
not be traced. Finally, 145 children were absent
after two visits. The characteristics of the in-
terviewed children were compared with those
of the children not interviewed. These com-
parisons were performed using the x2 statistic
or the Fisher's exact test. All statistical tests
were two tailed; the level of significance was
set at oc=0 05.
We also excluded 20 cases for whom ap-

propriate controls could not be identified. The
analysis was carried out on the remaining 610
matched case-control pairs. Nominal cat-
egories were created for continuous variables
(for example, mother's education), and vari-
ables measured with more than two levels (for
example, father's occupation). First, the crude
association of each independent variable with
case-control status was examined to identify
significant independent variables. Crude (un-
adjusted) odds ratios and 95% confidence in-
tervals (95% CI) were computed for each
independent variable.
The next step in the analysis was the es-

timation of the putative risk factors using mul-
tiple logistic regression. The selection of risk
factors for inclusion in multivariate analysis
was based on their univariate association with
case-control status, their inter-relationships or
collinearity, their biological plausibility, and
their distribution in the study population. Con-
ditional logistic regression modeling was per-
formed through: (1) identification of putative
risk factors significant at p = 0-10 level in the
univariate analysis; (2) fitting the multivariate
models using the 0 20 level as a criterion for
including variables in the model; and (3) re-
commendation of a final model based on evalu-
ation of interaction effects, likelihood ratio
testing among models, and goodness of fit
assessment.26 Deviance, one of the summary
statistics in logistic regression plays the central
role in the assessment of the goodness of fit.
Under the assumptions of a logistic model, the
distribution of the deviance would approximate
x2 with n - (p + 1) degrees of freedom, where,
n is the sample size and p is the number of
variables in the selected model.
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Table 1 Comparison of the interviewed and non-interviewed subjects in the study of risk
factors for childhood burns in Ashanti Region, Ghana

Interviewed Non-interviewed
subjects subjects
(n = 630) (n = 325)

Characteristic No (%) No (%) Test

Age (mths)*
0-11 7 (11) 9 (28) x2=499
12-23 45 (7-1) 45 (13 8) p<005
24-35 117 (18-6) 63 (19-4)
36-47 131 (20 8) 89 (27 4)
48-59 155 (246) 55 (16-9)
60-71 173 (27 5) 64 (19-7)

Gender
Male 330 (52 4) 183 (56 3) x2= 0-18
Female 300 (47 6) 142 (43 7) p>0.5

* Ages unknown for two interviewed subjects.

Table 2 Comparison ofputative risk factors for childhood burns in cases and controls
(n = 1220), Ashanti Region, Ghana

Case Control
(n= 610) (n= 610)

Factor Level (%) (%) Test

Storage of a flammable substance in the No 83 88 %2= 5 33
home Yes 17 12 p<005

Received instruction about what to do in No 59 66 2= 6-19
case of a burn Yes 41 34 p<0 05

Father's occupation None 3 6 y. = 16 71
Farming 26 27 p<005
Trading 9 8
Skilled 32 27
Other 21 23
DK 9 9

Presence of pre-existing impairment in the No 92 99 %2 = 28-62
child Yes 8 1 p<001

Mother's education (y) 0 24 19 x2= 661
1-6 13 15 p<0-05
7-10 53 54
11+ 7 8
DK 3 4

Hours spent away from home by the mother 0 11 15 x = 14 12
1-4 31 33 p<001
5-8 42 43
9+ 14 8
DK 2 1

No of siblings with a burn history 0 78 86 Fisher's
1 17 10 p<0-01
2+ 2 1
DK 3 3

No of siblings dead from a burn 0 94 98 Fisher's
1+ 3 1 p<001
DK 3 1

DK= Don't know or remember.

Table 3 Crude (unadjusted) odds ratios (OR) and tests of significance for selected
factors of observations with no missing data (n = 1112) from univariate conditional
logistic models of risk factors for childhood burns, Ashanti Region, Ghana

Factor Level OR (95% CI) p

Presence of pre-existing impairment in the child No 1-00
Yes 6-33 (2-68, 14-98) <0-001

History of a sibling burn No 1-00
Yes 1-89 (1-32, 2-70) <0-001

History of a sibling death from a burn No 1-00
Yes 4-67 (1-34, 16-23) 0-005

Storage of flammable substances in the home No 1-00
Yes 1-55 (1-08, 2-24) 0-02

Whether the child's mother spend some hours No 1-00
away from home Yes 1-40 (0-97, 2-04) 0-07

Mother educated No 1-00
Yes 0-81 (0-59, 1-09) 0-16

Father employed No 1-00
Yes 1-19 (0-83, 1-71) 0-35

Results
REPRESENTATIVENESS OF THE STUDY

POPULATION
A total of 15 742 (3%) children were identified
in the survey from an estimated population of
522 536 children under 6 years in the Ashanti
Region.20 The age and sex distributions of the
survey sample were comparable with those of
the population of the region. However, a com-
parison of the interviewed and non-interviewed
cases of bums showed that the interviewed
subjects were significantly older (X2 = 4.99,
p<0 05); 27-5% of the interviewed subjects
were aged 60-7 1 months compared with 19-7%
of the non-interviewed subjects) (table 1). The
distribution in relation to sex was nonetheless
similar between the two groups.

COMPARISON OF PUTATIVE RISK FACTORS IN THE
CASES AND CONTROLS
Evaluation of the putative risk factors for child-
hood bums indicated that the following vari-
ables were significantly different between the
cases and controls (p<005); (1) storage of a
flammable substance in the home; (2) received
instruction about what to do in case of a bum;
(3) father's occupation; (4) presence of pre-
existing impairment in the child; (5) mother's
education; (6) hours spent away from home by
the mother; (7) number of siblings with a bum
history; and (8) number of siblings who had
died from a bum (table 2). Even though vari-
able (2) was significantly associated with child-
hood bums, it was not included in the
conditional logistic modeling. Its distribution
in cases and controls suggested that more cases
than controls might have been given in-
structions about what to do for a bum after the
bum events happened. Therefore, the variable
may not be a risk factor for bums, per se, but
rather a result of the bum.

ESTIMATED UNADJUSTED ODDS RATIOS
Table 3 presents the unadjusted odds ratios
from univariate conditional logistic models.
The presence of a selected pre-existing im-
pairment in the child was associated with the
highest risk of childhood bums (OR=6-33;
95% CI 2-68, 14-98). The odds of a bum in a
child with a history of sibling bum and in a
child with a sibling death from a bum were
nearly twice and four and a half times re-
spectively that of a child with no such history.
Matemal education was found to be pro-

tective against childhood bums but its sig-
nificance was only marginal (OR=0-81; CI
0 59, 1-09, p>010). When the father's oc-
cupation was dichotomised into whether or
not he was employed this was not associated
significantly with a childhood bum (p<0 30).

ESTIMATED ADJUSTED ODDS RATIOS
Results from two multivariate models, model
A and model B, are shown in table 4. Because
of its importance as a factor of interest in the
study, the variable - mother educated - was
included in the multivariate models, although
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Table 4 Adjusted odds ratios (OR) and tests of significance from two multivariate
conditional logistic models (n = 1112) of nisk factors for childhood burns, Ashanti Regzon,
Ghana

Model A Model B
OR OR

Factor Level (95% CI) p (95% CI) p

Presence of pre-existing No 1 00 1 00
impairment in the child Yes 6-63 <0 001 6-71 <0 001

(2-75, 15-97) (2-78, 16-16)

History of a sibling bum No 1 00 1 00
Yes 1-76 0 003 1-79 0-002

(1-21, 2 54) (1-24, 2-58)

History of a sibling death No 1 00 1 00
from a bum Yes 4-45 0-028 4-41 0-029

(1-17, 16-9) (1-16, 16-68)

Storage of a flammable No 1 00 1 00
substance in the home Yes 1-49 0 039 1-51 0-034

(1-02, 2-19) (1-03, 2-21)

Mother educated No 1 00 1 00
Yes 0-76 0 094 0-76 0 094

(0-55, 1-04) (0-55, 1-05)

Whether child's mother No 1 00
spent any hours away Yes 1-26 0-25
from home (0-85, 1-87)

Deviance 645-89 647-23

it was not significant at the univariate level.
In the first multivariate model containing six
variables, model A, whether or not the child's
mother spent some hours away from home was

not significant (p>020) and was excluded from
the remaining models. Model B containing the
five variables presence of pre-existing im-
pairment in the child; history of a sibling burn;
history of a sibling death from a bum; storage
of a flammable substance in the home; and
matemal education (mother educated) was

found to be the best model using likelihood
ratio testing (LRT) with model A and other
models. The odds ratio in this final multivariate
model were very similar to the unadjusted odds
ratios in table 3.
There was no evidence of interaction be-

tween any of the significant variables. The
deviance for the selected final multivariate
model, model B, was 647-23 with degrees of
freedom equal to 1106 (1112-5-1). The cor-

responding p value was greater than 0 05 in-
dicating that the observed data fit the model
adequately.

Discussion
Using a community based multisite study, we

evaluated several risk factors for childhood
bums in Ghanaian children aged 0-5 years.
We took advantage of the fact that most bums
leave permanent scars in dark skinned Ghan-
aian children. These scars enable a bum that
occurred at a young age to be identified several
years later, and thus we did not have to rely
entirely on the mother's recall or medical re-

cords. Similar proxy measures of incidence
have been used to measure the endemicity of
African onchocerciasis using skin pigmentation
or "leopard skin".27 The important risk factors
for bums included: the presence of a pre-
existing impairment in the child, history of a

sibling bum, history of a sibling death from a

bum, storage of a flammable substance in the
home, and lack of matemal education.

The major pre-existing impairments selected
for evaluation have an overall low prevalence
(47 5 per 1000 children) in the child population
in this study. However, their effect on childhood
bums was profound. Although no information
was elicited regarding the specific causes of
these impairments in the children, many of
them are preventable. For example, simple
audiometric examinations can lead to early
detection of hearing defects, which can be cor-
rected before they develop into serious hearing
impairments. Measles and vitamin A deficiency
are also common causes of vision problems,
particularly in developing countries.28 For-
tunately, both of these conditions are also pre-
ventable. A major cause of lameness,
poliomyelitis, is also preventable through rou-
tine childhood immunisation. While epilepsy
may not be wholly preventable, it can be con-
trolled by effective use of anticonvulsants so as
to prevent the seizures which place a child at
greater risk of getting burned.29
The history of sibling burns and sibling bum

related deaths in a family may be an indication
of a serious lack in the supervision of young
children, or it may signify the presence of a
major environmental or social risk factor not
examined in this study. Therefore, in addition
to educating families about augmenting the
level of supervision of children, especially in
the kitchen where most bums occur, serious
efforts at identifying other bum-causing en-
vironmental factors in future studies may be
important. The establishment of community
programmes is one way of ensuring adequate
child supervision and general child wellbeing,
particularly for children with impairments.
As with many case-control designs, several

sources of bias may have been present in this
study - specifically, bias due to recall and in-
terview differences. Although great efforts were
made to achieve complete and accurate data,
some recall bias, especially in relation to the
father's information and possible under-
ascertainment of burn scars by mothers,
could not be resolved. Information was ob-
tained from 75% of mothers and 8% of fathers
for the cases compared with 63% of mothers
and 10% offathers for the controls. In addition,
the control respondents had to recall past ex-
posures at the times ofbums of their respective
cases. While the cases had specific events (the
bum events) to guide them, the controls had
no such guiding events. This could lead to
differential recall.

Interview bias, resulting from the in-
terviewer's knowledge of the case-control sta-
tus, was also a possible source of bias. It was
not possible to blind the interviewers to this
because they had to confirm status. This could
have affected the way and manner in which
questions on past exposures were asked.

Finally, inability to reach 325 children, listed
with burns in the initial survey, at the follow
up survey was a concem. The fact that the
interviewed children were older than the non-
interviewed ones implies that inferences based
on age analysis may be inaccurate.

In conclusion, this study has shown that
children with pre-existing impairments, a his-
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tory of sibling burn, storage of a flammable
substance in their homes, and lack of maternal
education are at a much higher risk of getting
burned than others. In addition to establishing
community programmes we recommend par-
ental education about burns to reduce child-
hood burns in this region of Ghana. Secondly,
we recommend that the public be educated
about the hazards of storing flammable sub-
stances in the home. Thirdly, we recommend
intervention trials on selected prevention strat-
egies and subsequent programme evaluation of
these strategies to assess their overall effect.
Finally, we recommend that a more extensive
study of disability and of other injury types in
Ghana be conducted. These research activities
could form the basis of an injury research and
prevention programme in Ghana.
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