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ABSTRACT

Introduction There is currently no defined method for
assessing injury severity using population-based data,
which limits our understanding of the burden of non-fatal
injuries and community-based approaches for primary
prevention of injuries. This study describes a systematic
approach, Population-based Injury Severity Assessment
(PISA) index, for assessing injury severity at the population
level.

Methods Based on the WHO International Classification
of Functionality conceptual model on health and disability,
eight indicators for assessing injury severity were defined.
The eight indicators assessed anatomical, physiological,
postinjury immobility, hospitalisation, surgical treatment,
disability, duration of assisted living and days lost from
work or school. Using a large population-based survey
conducted in 2013 including 1.16 million individuals from
seven subdistricts of rural Bangladesh, information on the
eight indicators were derived for all non-fatal injury events,
and these were summarised into a single injury severity
index using a principal component analysis (PCA). Principal
component loadings derived from the PCA were used

to predict the severity (low, moderate, high) of non-fatal
injuries, and were applied to the fatal injury data to assess
the criterion validity of the index. The determinants of non-
fatal injury severity were determined using ordered logistic
regression.

Results There were 119703 non-fatal injuries and

14% were classified as high severity based on the PISA
index. The PISA index accurately predicted 82% of all
fatal injuries as highly severe. Non-fatal injuries of high
severity were frequent with unintentional poisoning

(57%) and violence (35%). Injuries of high severity were
commoner among males (OR 1.16, 95% Cl 1.12 to 1.21),
adults 65 years and older (OR 1.30, 95% Cl 1.23 to 1.36),
lower socioeconomic status and intentional injuries.
Education was associated with reduced odds of high
severe injuries.

Conclusion The PISA index provides a valid and
systematic approach for assessing injury severity at

the population level, and is relevant for improving the
characterisation of the burden and epidemiology of injuries
in non-health facility-based settings. Additional testing of
the PISA index is needed to further establish its validity
and reliability.

Strengths and limitations of this study

» The eight indicators defined for assessing inju-
ry severity in the Population-based Injury Severity
Assessment (PISA) index are based on a robust con-
ceptual model, the WHO International Classification
of Functionality model on health and disability.

» The principal component analysis (PCA), used in
summarising the eight indicators and predicting
Injury Severity Scores, is based on non-parametric
statistics and requires no assumption regarding the
underlying distribution of the data and this confers a
methodological advantage.

» The parameters from such PCA, for example, the
principal component loadings and eigenvectors, are
however complicated to explain and interprete on
their own, except when applied as used in the PISA
index.

» The use of a large sample-sized survey, including
over a million population with more than 100000
injury outcomes, confers a significant advantage on
the stability of the parameters and estimates derived
from both the PCA and the multivariable logistics re-
gression models used in assessing the determinants
of injury severity.

» However, the information on the injury outcomes
from the survey is subject to significant recall bias,
with participants more likely to recall more severe
injuries, and differential recall of the eight indicators
assessed.

INTRODUCTION

Injuries are among the leading causes of
death across all ages in low-income and
middle-income countries (LMICs) and high-
income countries (HICs).' Injuries account
for around 9% of all deaths globally and more
than two-thirds are unintentional in nature.”
Road traffic injuries (RTI) are among the top
causes of injury related disability adjusted
life years in adolescents 10-24 years of age.”
For every fatal injury outcome that occurs
in HICs like the USA, about 1000 non-fatal
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injuries present in emergency departments, and many
more go unreported.! The ratio of one fatal to 500 non-
fatal injuries in LMIGCs is significant too. However, the
ratio in LMIC may suggest an undercounting of injury
outcomes broadly, and reflects the disparity in access
to quality medical care when compared with the US
ratio.” Further, long-term disabilities that may occur as a
sequelae to severe non-fatal injuries make the burden of
non-fatal injuries even more remarkable when adequately
measured.’

The lack of population-based data, especially in LMICs,
has indeed contributed to the underestimation of the
global burden of disease (GBD) for non-fatal injuries.””
Most injury events in LMICs do not present in health
facilities.’ However, most GBD estimates for non-fatal
injuries are derived from facility-based data; thus, signifi-
cantly undercount non-fatal injury events.”” Similarly,
indices and measures used to describe non-fatal injury
severity have limited applicability as they are predom-
inantly facility based, and are not applicable to injury
events that occur outside of health facilities."” "' Methods
for characterising injury severity for events captured in
population-based data are lacking, and this inadequacy in
assessing severity of non-fatal injuries further contributes
to the underestimation of the burden of non-fatal injuries
globally."

Most facility-based injury severity indices use either
anatomical or physiological indicators or both to cate-
gorise injury severity. The Injury Severity Score (ISS),
developed mainly to assess RTIs is an anatomical scoring
system, determines injury severity based on three most
severely injured body parts, and has application in trauma
centres and emergency departments to assist in triage,
clinical management and evaluating outcomes."” Trauma
scoring systems, such as the Revised Trauma Score and
the Glasgow Coma scale (GCS) solely rely on physio-
logical data and provide assistance for initial triage in
facility-based settings but do not accurately predict injury
outcomes."”™" Combinations of anatomical, physiolog-
ical and demographic indicators such as the Trauma and
Injury Severity Score (TRISS) and A Severity Character-
isation of Trauma (ASCOT) have been used to charac-
terise injury severity in trauma resuscitation centres, and
are better at predicting mortality and morbidity in blunt-
trauma patients compared with other scores.'® However,
both the TRISS and ASCOT lack a corollary that can
be used to characterise injury severity in population-
based data. A clear lack of a population-based assess-
ment has implications for primary prevention planning
and resource allocation for injuries in community-based
settings.

The goal of this paper is to construct a Population-
based Injury Severity Assessment (PISA) score, informed
by existing injury severity indices, but adapted for
population-based data and applied to a demographic and
injury census conducted in rural Bangladesh in 2013.° Tt
is expected that this score will demonstrate a systematic
approach for assessing injury severity at the population

level, and contribute to improved characterisation of the
burden and epidemiology of injuries.

METHOD

Data source, sample size and participants

Demographic and injury census

The population-based data for this study were sourced
from a baseline census conducted between June and
November 2013 as part of the Saving of Lives from
Drowning project (SoLiD) in Bangladesh.” The census
covered all 270387 households and 1.16million people
from 451 villages in 51 unions (out of 83 unions) from
seven rural sub-districts of the country (Matlab North,
Matlab South, Daudkandi, Chandpur Sadar, Manohardi,
Raiganj, and Sherpur).” The census collected informa-
tion on all non-fatal and fatal injuries for all individuals,
over a 6-month and l-year recall period, respectively.
Demographic and socioeconomic characteristics were
also collected for these individuals.”

During the census, an injury morbidity module was
completed for all individuals reporting any non-fatal and
fatal injuries to collect information on the external mech-
anisms of injuries, intent and body part affected by the
injury event.” It also collected information on characteris-
tics and outcomes of all non-fatal injury events, including
physiologic responses, disability and treatment outcomes.
The injury morbidity module was adapted from the WHO
Injury Surveillance Guidelines."”

An injury event was operationally defined as ‘any house-
hold member who sought treatment or lost at least one
working day or could not go to the school for atleast 1 day
in the last 6 months due to injury causes defined based on
external causes in Chapter XIX, and the external causes
of morbidity and mortality in Chapter XX, of the Inter-
national Statistical Classification of Diseases and Related
Health Problems, 10th edition, including: attempted
suicide, transport injury, violence, fall, cut, burn, near
drowning, unintentional poisoning, machine injury, elec-
trocution, insect/animal injury, injury by blunt object
and suffocation’.'® Questions on the body part and func-
tion affected, loss of activities and participation, hospi-
talisation and treatment outcomes following an injury
event were included to further assess the injury outcomes.
These questions reflect the WHO International Classifica-
tion of Functionality (ICF) index’s notion of a continuum
between health and disability, but operationalised with
items that can be applied for an injury surveillance system
captured at the population-level.” ' The questionnaire,
data collection procedure for the census along with the
findings on the fatal and non-fatal injury outcomes are
published elsewhere.”

Indicators and data analyses

Defining indicators of injury severity

The development of our indicators was guided by the
WHO ICF conceptual model on health and disability
(figure 1)." The WHO ICF model conceptualises that
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Figure 1 WHO ICF conceptual model on health and
disability. ICF, International Classification of Functionality.

the continuum of health and disability for an individual
could be primarily described by indices of body function
and structure (physiological functions and anatomical
parts of an individual), activity (execution of a task or
action by an individual) and participation (involvement
in life situation); and that these indices could be influ-
enced by personal (eg, gender, age) and environmental
factors (eg, socioeconomic factor, physical terrain).

To identify various published measures of injury
severity that reflect this model, a literature review was
conducted in PubMed and Google scholar between 1900
and 2016 for all injury severity indices. The review yielded
only indices that were focused on anatomical and physi-
ological profiles derived from clinical and facility-based
data.'” '****! These anatomical and physiological profiles
overlapped descriptions from the body functions and
structures domain of the WHO ICF conceptual model,
and do not include other primary domains such as the
activity and participation domains. Hence, we created
indicators for the anatomical and physiological profiles,
similar to indices derived from the clinical and facility-
based data, and went further to describe indicators that
capture activity and participation following an injury
event from a population-level perspective using question-
naires adapted to the WHO Injury Surveillance Guideline
and ICF index. We propose a comprehensive set of eight
indicators for constructing the PISA score. These indi-
cators cover the body structures and functions domain:
(1) anatomical and (2) physiological profiles related to
non-fatal injuries; activity and treatment domain: (3)
postinjury immobility, (4) posinjury hospitalisation, (5)
surgical treatment and (6) extent of postinjury disability
and participation domain: (7) number of days for which
an individual required assisted living for routine tasks
(eg, bathing) following the injury event, and (8) number
of days lost at work or school. We added a treatment
component to the activity domain given that treatment
may directly modify the extent of activity following an
injury event, and conceptualised the personal and envi-
ronmental factors of the WHO ICF conceptual model
as determinants of injury severity, that is, they may

Table 1 PISA indicators

Indicator Definition

Anatomical Presence of fractures, dislocation or

profile internal injuries involving any anatomical
parts (including head, neck, chest,
abdomen, upper limbs, hands, waist, lower
limbs, and/or foot) following the injury
event (yes/no).

Physiological ~ Presence of loss of consciousness just

profile after the injury event (yes/no).

Postinjury If injured individual was unable to walk

immobility away unassisted from the injury site (yes/
no).

Postinjury If injured individual was admitted for

hospitalisation treatment at a hospital or health facility

following the injury event (yes/no).

Surgical If any surgical operation was done to treat

intervention the injured individual at the hospital (yes/
no).

Postinjury If there was any permanent loss of

disability functionality in at least one of vision,
hearing, mobility, activity with hands,
speech or intellect following the injury
event (yes/no).

Duration of The no of days for which the injured

assisted living  individuals required assistance with

for routine tasks activities of daily living following the injury
event, including walking, sitting/getting out
of bed, climbing stairs, bathing, or toileting
(values greater than 30 days vs 30 days or
less).

The no of days for which the injured was
not able to go to work or school following
the injury event (values greater than 6days
vs 6days or less).

Days lost from
work or school

PISA, Population-based Injury Severity Assessment.

differentially explain how injury severity is experienced
and the level of injury severity that is experienced.'?**
The eight indicators were assessed for all non-fatal
injury events recorded in the census (n=119703), from
104737 individuals.” The frequency and distribution of
each indicator was explored for each non-fatal injury
event, and the indicators were further classified into
binary variables (table 1). Injuries with impairments
(problems in body function or structure such as a signif-
icant deviation (eg, fracture, internal haemorrhage) or
loss (eg, loss of consciousness) that may require skill and
intensive medical/surgical management were classified as
severe following the guidelines from WHO Injury Surveil-
lance guidelines.17 19 Hence, binary variables were created
based on the presence of fractures, dislocation or internal
injuries (yes/no) for the anatomical profile indicator,
and loss of consciousness (yes/no) for the physiological
profile indicator. Any head injury with associated loss of
consciousness was categorised as a ‘yes’ for the anatom-
ical profile. For the postinjury immobility, postinjury
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hospitalisation and surgical intervention indicators,
these were classified as binary variables based on a yes/
no response regarding the presence of these indicators
immediately following the injury event. The postinjury
disability indicator was classified as a binary variable based
on the presence (yes/no) of any permanent loss of func-
tionality in at least one of vision, hearing, mobility, activity
with hands, speech and intellect following the injury
event. The duration of assisted living for routine tasks
and days lost from work or school indicators were classi-
fied as binary variables with reference to the population
standards, consistent with the recommended approach
for calibrating performance problem under the activity
and participation domains of the WHO ICF index, that is,
classification of performance is based on the distribution
of the performance variable in the population.”” Hence
the variables for both indicators were divided into quar-
tiles, and the median and IQR (range of the middle 50%
of the dataset) of the variable distribution was considered
as a measure of central tendency and dispersion for the
data distribution given that both variables were positively
skewed. For the duration of assisted living with routine
tasks indicator, the median duration and IQR in days
were the same (ie, 30 days or less), and this value was
used as a cut-off for classifying the indicator into a binary
variable (ie, values greater than 30 days vs 30 days or less)
assuming that the dataset (n=119703 events from 104 737
individuals) is representative of the population. For the
days lost from work or school indicator, the median dura-
tion and IQR were different (the median was 4days and
IQR was 6days). Hence, the IQR (ie, 6days), the measure
of dispersion was preferred given the positive skeweness
of the dataset and was used as a cut-off for classifying the
indicator into a binary variable (ie, values greater than
6days vs 6days or less). The histograms for duration of
assisted living and days lost from work or school variables
are included in online supplemental figures 1-6.

Developing an injury severity index

A principal component analysis (PCA) was applied to
summarise the eight indicators into a single index of
injury severity.** * First, the correlation matrix of the
eight indicators was assessed for all non-fatal injury events
in the census (n=119703), (online supplemental table 1).
Second, the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s
test of sphericity was conducted to assess the suitability of
the dataset for factor analysis by measuring the propor-
tion of the total variance among the eight indicators that
might be common variance. A KMO value >0.6 suggests
that the sample is adequate, and Bartlett’s test with p<0.05
suggests that the partial correlation among the indicators
is low and that the indicators are largely uncorrelated.
Third, a principal component factor method was used
to analyse the correlation matrix for the eight indica-
tors and to decompose the eigenvalues (variance of each
latent factor represented by each indicator) without
restricting the number of factors that should be retained
in the dataset. There was one factor with eigenvalue >1

(which accounted for 97% of the variance in the dataset)
in this initial factor solution, and this single factor was
defined as ‘injury severity’ (see online supplemental table
2 for the factor solution).***” Fifth, a PCA was performed
and constricted to a single factor to explain the propor-
tion of variance in each of the eight indicator variables
accounted for by the single factor (ie, injury severity).
The proportion of variance (ie, eigenvector or principal
component loading for each indicator in a single compo-
nent PCA) was then used as weights to estimate the ISS
(called the PISA score) for each injury event as shown:
PISA Index Score; = S;; o L,

where S_is the standardised mean of the injury severity
indicator variable (j) for injury event (i), and L, is the
proportion of variance (eigenvector or principal compo-
nent loading) in the injury severity indicator variable (j)
explained by the single factor. The PISA index scores for
all recorded non-fatal injury events (n=119703) were esti-
mated and categorised into tertiles corresponding to low,
moderate and high severity tertiles.

Validation of the injury severity index

To validate the PISA index score, the principal component
loadings (or eigenvectors) for the injury severity indica-
tors estimated from the non-fatal injury data were used to
compute injury severity index scores for all fatal injuries
in the SoLiD census dataset (n=449) by multiplying the
corresponding eigenvectors with the standardised mean
for three of the injury severity indicators (anatomical
profile, physiological profile and postinjury hospitalisa-
tion) in the fatal injury data. Other injury severity indica-
tors (such as any postinjury disability, loss of school/work
days, duration of assisted living and immobility) were not
relevant for fatal injury outcomes. The cut-offs for clas-
sifying the PISA index scores for the non-fatal injuries
into severity tertiles were then applied to the PISA index
scores for the fatal injuries to determine the criterion
validity of the PISA index by observing what proportion
of fatal injuries will be classified as high, moderate or low
severity. This validation analysis assumed that fatal inju-
ries are highly severe since they resulted in death.

Exploring the determinants of injury severity for non-fatal injuries

Using the validated PISA index score, we explored the
determinants of the injury severity categories (low,
medium and high injury severity) for all non-fatal
injury events for population in rural Bangladesh using
the SoLiD census dataset. First, we performed a cross-
tabulation between each external cause of injury and
injury severity categories to observe injury severity by
external causes from a population-based perspective. The
WHO ICF model for health and disability conceptualises
personal (eg, gender, age) and environmental factors (eg,
socioeconomic factor, physical terrain) as factors that
could influence the level of injury severity. Using bivariate
and multivariate ordered logistic regression models, we
explored these personal factors (age, gender, occupation,
educational level) and environmental factors (household

4

Alonge 0, et al. BMJ Open 2021;11:6042572. doi:10.1136/bmjopen-2020-042572


https://dx.doi.org/10.1136/bmjopen-2020-042572
https://dx.doi.org/10.1136/bmjopen-2020-042572
https://dx.doi.org/10.1136/bmjopen-2020-042572
https://dx.doi.org/10.1136/bmjopen-2020-042572

3

Open access

socioeconomic index, subdistrict and study site variables
(as a proxy for the physical terrain)) as determinants of
injury severity. Furthermore, we explored injury char-
acteristics (intention of injury, eg, unintentional, inten-
tional/self-harm and external cause of injuries, for
example, road traffic, drowning, burn, fall, cut) as addi-
tional determinants of injury severity as studies from HIC
settings have suggested that these injury characteristics
may determine the severity of injuries presenting at the
facility-level.*® * The household socioeconomic index
was calculated using a PCA on information about owner-
ship of household durable assets (eg, television), housing
characteristics (eg, roofing material) and access to utili-
ties and infrastructure (eg, electricity, toilet and potable
water) B

The SEs for the OR in the ordered logistic regression
model were adjusted for the clustering effect of multiple
injury events on an individual by using the Huber-
White sandwich estimator. Complete-case analyses were
performed for estimating the model for the PISA index
score and injury severity determinants. All analyses were
cond;;cted in Stata statistical software 2015: Release
V.14.

Assumptions

The PCA is a non-parametric statistic. Hence, estimates
arising from this model are independent of any hypoth-
esis about data distribution. The ordered logistic regres-
sion assumes that the OR comparing non-fatal injury of
medium severity with low severity is the same as the OR
comparing high severity with medium severity.

Patient and public involvement

Local collaborators, including community, local and
national level governments and researchers in Bangla-
desh were included in several discussions to identify needs
and gaps in injury surveillance, and to develop the survey
tools, measurements and study protocols. The question-
naire underwent multiple revisions based on feedback
from these meetings. Household heads were interviewed
as participants in this study. No clinical patients were
enrolled.

RESULTS

Non-fatal injuries in rural Bangladesh

The data source for this study was a population-based
census of 270387 households and 1.16million people
from 451 villages in 51 unions from seven rural sub-
districts (Matlab North, Matlab South, Daudkandi,
Chandpur Sadar, Manohardi, Raiganj and Sherpur) in
Bangladesh. These subdistricts capture different envi-
ronmental conditions, that is, geographies and physical
terrain, for injuries in rural Bangladesh. There were
104737 individuals who reported at least one injury event
over a 6 months recall period, and 87.5% of these individ-
uals reported only a single injury event during this period
(online supplemental table 3).

Table 2 Indicators of injury severity in rural Bangladesh

Injury severity indicator

Percent severe (95% Cl)

Anatomical profile*

Fracture, dislocation and/or internal

injury (yes)
Upper limbs (n=72763)
Hands (n=87563)
Lower limbs (n=81044)
Foot (n=79050)
Waist (n=72689)
Head (n=72880)
Neck (n=70992)
Chest (n=72459)
Abdomen (n=70753)

N events=119703
N individuals=104 737

10.67 (10.49 to 10.84)

1.57 (1.48 to 1.67)
3.21 (3.09 to 3.33)
1.77 (1.68 to 1.87)
0.73 (0.68 to 0.80)
1.53 (1.44 t0 1.62)
6.89 (6.71 to 7.08)
6.61 (6.43 t0 6.79)
1.51 (1.42 to 1.60)
0.21 (0.18 to 0.24)

Physiological profile

Unconscious state (yes) 5.66 (5.52 to 5.79)
Postinjury hospitalisation

Yes 2.22 (2.14t0 2.31)
Postinjury immobility

Yes 3.84 (3.73 to 3.95)
Postinjury surgical treatment

Yes 0.55 (0.50 to 0.59)
Postinjury disability

At least one area of functionality 0.33 (0.30 to 0.36)

(eg, loss of vision, hearing, mobility,
activity with hands, speech, or
intellect)

Duration of assisted living >30 days

At least one area of functionality

(eg, assistance with activities of
daily living following the injury event,
including walking, sitting/getting out
of bed, climbing stairs, bathing, or
toileting)

2.27 (2.18 to 2.35)

Loss of days at work/school >6 days

Loss of days >6days 29.0 (28.7 t0 29.3)

*Injuries sustained on different body parts were treated as isolated
injuries for any injury event involving more than one body part
(polytrauma), 7% of injury events reported involved more than one
body part.

Injury severity indicators based on non-fatal injury data
Eleven per cent of all injury events involved fracture,
dislocation or internal injury of body parts, 6% were asso-
ciated with loss of consciousness, 2% required assistance
with activities of daily living greater than 30 days and less
than 1% required surgical intervention or was associated
with permanent disability (eg, loss of vision, hearing)
(table 2).

Based on the definition of injury severity using the
anatomical profile, injuries involving the head were the
most severe followed by neck injuries, 6.9% and 6.6%,
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Table 3 Principal component loadings for the Injury
Severity Index

Principal component

Injury severity indicator variable loading or eigenvector

Anatomical profile 0.47
Physiological profile 0.44
Postinjury hospitalisation 0.43
Postinjury immobility 0.07
Postinjury surgical treatment 0.36
Postinjury disability 0.17

Duration of assisted living >30days 0.34
Loss of days at work/school >6 days 0.34

respectively. Injuries involving the abdomen and foot
were the least severe, 0.2% and 0.7%, respectively.

Injury severity index for non-fatal injuries

The KMO and Bartlett’s tests were 0.638 and <0.001,
respectively, for the eight injury severity indicator vari-
ables suggesting that the data is adequate for factor anal-
ysis and that the partial correlation among these variables
is low (see online supplemental table 1 for the correla-
tion matrix). The initial factor solution for the correla-
tion matrix (without restricting the number of factors
that should be retained in the dataset) yielded one factor
with eigenvalue >1 which accounted for 97% of the vari-
ance in the dataset (see online supplemental table 2 for
the factor solution, online supplemental figure 7. for
the scree plot). The subsequent PCA on the eight injury
severity indicator variables restricted to the single factor,

3

called ‘injury severity’, suggests that the injury severity
factor accounted for most of the variance in each of the
variables, over 30% for all the indicator variables except
postinjury immobility and postinjury disability. Table 3
shows the eigenvectors or principal component loadings
associated with each variable.

The principal component loadings were used to esti-
mate the PISA index score as described previously. Based
on the PISA index score, most injury events (64%) were
categorised as low severity, while 14% were highly severe
in nature (table 4). Using the principal component load-
ings or eigenvectors and score cut-offs from the non-fatal
injury data, 82% of all fatal injuries (n=449) were cate-
gorised as highly severe, while 13% were categorised as
injury events of low severity which suggest that the PISA
index accurately predicted severe injuries in over 8 out of
10 events, and that the criterion validity of index is high
in predicting injury severity (table 5).

Injury Severity Index by external causes of non-fatal injury
Whereas falls (38.56%), cuts (22.2%) and injuries by
blunt object (9.83%) were the most common external
causes of non-fatal injuries, they were mostly categorised
as less severe; 61%, 74% and 66% for falls, cuts and injury
by blunt objects, respectively (table 4).

Attemptedsuicide (0.05%) and unintentional poisoning
(0.07%) were the least reported external causes of non-
fatal injuries; however, these were mostly categorised as
highly severe injuries according to the PISA index, 52%
and 57% respectively. Other external causes of non-fatal
injuries that were frequently categorised as highly severe

Table 4 Injury severity categories for non-fatal injuries by external causes in rural Bangladesh
% injury severity

External causes of injuries No of injury events (% of total)* Low Moderate High
All injuries 119703 64.43 21.22 14.35
Fall 44502 (38.56) 60.49 21.19 18.32
Cut injury 25618 (22.2) 73.7 20.68 5.62
Injury by blunt object 11350 (9.83) 66.3 23.15 10.56
Road transport injury 10145 (8.79) 48.75 28.57 22.68
Animal bite injury 8680 (7.52) 80.29 13.11 6.6
Burn 6119 (5.30) 69.29 23.55 7.16
Drowning 3334 (2.89) 62.81 14.07 23.13
Violence 3272 (2.83) 44.28 20.54 35.18
Machine injury 1253 (1.09) 55.55 28.73 15.72
Electrocution 836 (0.72) 58.25 14.11 27.63
Suffocation 175 (0.15) 64.57 12 23.43
Unintentional poisoning 77 (0.07) 25.97 16.88 57.14
Attempted suicide 56 (0.05) 39.29 8.93 51.79
Others 2 (0) 50 50 0
*18.6% (*13.6% (n=4284) of injury events missing information on external causes; hence, number of injury events used for the frequency was
n=115419.
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Table 5 Injury severity categories for fatal injuries in rural
Bangladesh
Injury
severity PISA index score Per
categories  cut-off N (n=449) cent
Low severity Less than or equals to 57 12.69
—-0.650
Moderate Greater than -0.650 but 26 5.79
severity less than or equals to
-0.299
High severity Greater than —0.299 366 81.51

PISA, Population-basedInjury Severity Assessment.

include violence (35%), electrocution (28%), suffocation
(23%), drowning (23%) and RTIs.

Sociodemographic factors and other determinants of injury
severity

Online supplemental table 4 shows the frequency for
all the determinants of injury severity explored in the
regression analysis. In the adjusted analyses, the odds of
higher injury severity were significantly higher with male
compared with female (OR 1.16, 95% CI 1.12 to 1.21);
elderly 265 years compared with adults 25-64 years (OR
1.30,95% CI [1.23 to 1.36); and in lower and lowest socio-
economic groups compared with the highest socioeco-
nomic groups (table 6).

A statistically significant dose-response relationship
was observed between injury severity and age for those
aged 10 years and above, that is, the odds of higher injury
severity increase with age. Similarly, educational status was
protective of injury severity with a dose-response relation-
ship, that is, compared with those without any education,
the ORs of higher injury severity for those with primary,
secondary and postsecondary education were 0.96 (0.93,
0.99), 0.84 (0.81, 0.88) and 0.82 (0.76, 0.88), respectively.

Odds of higher injury severity were associated with
intentional injuries (intentional self-harm or assault
inflicted by others) compared with unintentional injuries.
With respect to external causes of injury, unintentional
poisoning (OR 3.76, 95% CI 2.30 to 6.16), attempted
suicide (OR 2.02, 95% CI 1.02 to 3.97) and violence (OR
1.21, 95% CI 1.05 to 1.39) had increased odds of higher
injury severity compared with RTIs, while other causes
were associated with decreased odds (table 5).

Injury events from Chandpur Sadar subdistrict
compared with Matlab North subdistrict, and in Interna-
tional Centre for Diarrhoeal Disease Research Bangladesh
(ICDDRB) study site compared with Center for Injury
Prevention and Research Bangladesh (CIPRB) study site
were also associated with increased odds of highly severe
injuries which suggest that environmental factors are a
major determinants of injury severity. Whereas most of
rural Bangladesh is a low lying area, areas covered by the
ICDDRB study site and Chandpur Sadar subdistrict are
right on the tributaries of Meghna and Padma rivers, two

major rivers in Bangladesh, and are exceptionally prone
to flooding.

DISCUSSION

Unlike other indices of injury severity assessment, which
are derived from facility-based or clinical data, this study
describes a systematic approach for injury severity assess-
ment using population-based data.” The study presents
relevant injury severity indicators and statistical weights
for estimating injury severity index scores, PISA index
scores, that could be applied by non-clinicians to retro-
spectively assess injury severity at the population level.
The PISA index has high criterion validity to predict
highly severe injuries and injury mortality. The study
also illustrates the utility of the index by presenting the
determinants of severe injuries in rural Bangladesh from
a population-based perspective.

The injury severity indicators for the PISA index are
based on the WHO ICF model of health and disability
and include indicators that capture body structures and
functions, activity and participation domains of the ICF
model operationalised for data collected outside of clin-
ical settings, and further expanded to include a treatment
domain, for example, indicators of postinjury hospi-
talisation and surgical treatment as measures of injury
severity. There are many different scoring systems avail-
able for measuring injury severity such as TRISS, ASCOT,
GCS, Acute Physiology and Chronic Health Evaluation,
Kampala Trauma Score (KTS) among others.' '° %% All
of these scoring systems are only applicable in clinical
and facility-based settings to hospital-based injury surveil-
lance data, and none can be applied to population-based
data. Like these other systems, the PISA index indicators
captures descriptors of anatomical and physiological
profiles but adapted for population-based survey, and
with the added benefit of including others indicators
of injury severity (eg, postinjury disability, loss of work/
school days, assisted living) that can be collected outside
of clinical settings. The PISA index was able to accurately
predict fatal injuries in 82% of cases, which was higher
compared with the TRISS, ASCOT and KTS predictive
ability reported in the literature.”” *" Furthermore, the
PISA index includes all indicators of the the KTS, devel-
oped to account for limited data and resources in low
resource settings, such as body part injured, vital signs
and neurological status in addition to information avail-
able from community settings such as postinjury disability
and days of assisted living. Similar to the ASCOT, which
is prioritised over other indices for its more accurate
description of anatomic injuries, the PISA index identi-
fied head injury as the most severe forms of injury."

Based on the PISA index, intentional injuries and most
unintentional poisoning, attempted suicides and violence
were highly severe in nature, despite having some of the
lowest prevalence among external injury causes.” Unlike
other injury severity indices, the PISA index has the
ability to predict severity of external causes of injuries and
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Unadjusted OR of Adjusted OR of
Variable injury severity 95% CI injury severity 95% CI

Sex

Reference:female 1.00 1.00

<1year 1.21 (1.02 to 1.44)* 1.07 (0.87 t0 1.32)

5-9years 0.99 (0.95 to 1.04) 1.00 90.92 to 1.08)

15-17 years 0.88 (0.83 to 0.94)** 0.89 (0.82 to 0.97)*

65+ 1.39 (1.32 to 1.46)™ 1.30 (1.23 to 1.36)™

Occupation

Skilled labour (professional) 1.15 (1.09 to 1.21)*** 1.06 (1.00 to 1.13)*

Rickshaw/bus (transport worker)  1.39 (1.28 to 1.51)** 0.95 (0.87 to 1.03)

Retired/unemployed/housewife 1.00 (0.96 to 1.05) 0.98 (0.93 to 1.04)

-
w
(&)

Not applicable (others) (1.08 to 1.68)* 1.45 (1.16 to 1.82)*

Educational level

Secondary 0.87 (0.84 to 0.90)** (0.81 to 0.88)**

Reference: no education 1.00 1.00

Higher 1.03 (0.99 to 1.07) 1.05 (1.00 to 1.09)*

Lower 1.00 (0.96 to 1.04) 1.06 (1.01 to 1.10)*

Reference: highest 1.00 1.00

ICDDRB 1.51 (1.47 to 1.55)* 1.33 (1.28 to 1.40)*

Subdistrict

Chandpur Sadar 1.53 (1.46 to 1.59)*** 1.49 (1.43 to 1.56)"**

Raiganj 0.59 (0.56 to 0.62)** 0.83 (0.78 to 0.88)**

Continued

(-]
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Table 6 Continued

Unadjusted OR of

Adjusted OR of

Variable injury severity 95% ClI injury severity 95% ClI
Manohardi 0.70 (0.67 to 0.73)*** 1.00
Reference: Matlab North 1.00 1.00

Intention
Intentional self-harm 2.34 (1.75 to 3.13)** 1.48 (1.10 to 1.99)**
Assault/violence by others 2.74 (2.52 to 2.99)** 1.20 (1.03 to 1.41)*
Undetermined (self-harm or 2.95 (1.77 to 4.93)* 217 (1.28 to 3.66)**
assault)
Reference: Unintentional injury 1.00 1.00

Injury mechanism
Attempted suicide 2.48 (1.29 to 4.76)* 2.02 (1.02 to 3.97)*
Violence 1.44 (1.33 to 1.56)*** 1.21 (1.05 to 1.39)**
Fall 0.65 (0.63 to 0.68)*** 0.63 (0.61 to 0.66)***
Cut 0.33 (0.31 to 0.34)** 0.33 (0.32 to 0.35)**
Burn 0.40 (0.38 to 0.43)*** 0.45 (0.42 to 0.48)***
Near drowning 0.65 (0.60 to 0.72)*** 0.63 (0.57 to 0.70)***
Poisoning 3.84 (2.35 to 6.28)*** 3.76 (2.30 to 6.16)**
Machine 0.73 (0.66 to 0.82)*** 0.73 (0.65 to 0.81)***
Electrocution 0.83 (0.70 to 0.97)* 0.90 (0.76 to 1.05)
Animal bite 0.24 (0.22 to 0.25)*** 0.25 (0.24 to 0.27)***
Blunt object 0.47 (0.45 to 0.50)** 0.46 (0.43 to 0.48)**
Suffocation 0.62 (0.41 to 0.94)* 0.60 (0.39 to 0.92)*
Others 0.68 (0.11 to0 4.27) 0.61 (0.12 t0 3.17)
Reference: RTI 1.00 1.00

*P<0.05, **p<0.01, **p<0.001.

CIPRB, Center for Injury Prevention and Research Bangladesh; ICDDRB, International Centre for Diarrhoeal Disease Research Bangladesh;

RTI, road traffic injuries.

severity based on the intention of the injury. Thus, the
PISA index is useful for assessing the burden of injuries
based on intention and external causes in community-
based settings, especially those where intentional injuries
like suicide and violence are stigmatised and go unre-
ported due to sociocultural and medico-legal reasons.
For example, Bangladesh has high suicidal rates, espe-
cially among young married women, and these statistics
are higher than global rates and comparable to other
South Asian countries like India and Pakistan.” **** Inti-
mate partner violence, domestic violence and lower socio-
economic status of women in these settings are some of
the commonly cited reasons and are rarely addressed by
evidence-based interventions due to stigma associated
with them.”

Based also on the PISA index, some of the determinants
of injury severity include gender, age, educational level,
socioeconomic status, intention and the external causes
of injuries. Males had higher prevalance and more severe
injuries than females in the rural population of Bangla-
desh—Ilikely due to increased risk-taking behaviour
and environmental exposure to injury hazards among

males.”* * Consistent with other studies, this study also
suggested that injury severity decreases with increasing
level of education and increases with lower socioeconomic
status.” The PISA index predicted higher severity for RTT
compared with most other external injury causes except
poisioning, attempted suicide and violence.” Similar to
findings from HIC, intentional injuries like self-harm and
assault are generally more severe than unintentional inju-
ries,26 27 and mental health and behavioural disorders,
such as low self esteem and anxiety may underline these
injury circumstances.”

The PISA index can be used to provide improved
assessment of the burden of injuries, conduct research on
comparative assessment of non-fatal injuries, and serve as
a guide for resource allocation of targeted programmes
in LMICs. For instance, the application of PISA index in
rural Bangladesh points to the need for policies around
distribution and safe packaging of medications and
harmful substances given the severity of unintentional
poisoning in the country.”

The PISAindexisafirstinits relevance for injury severity
assessment at the population-level and can be aggregated
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for populations, unlike existing indices which are mostly
relevant at the individual level. As the index was devel-
oped using anatomical and physiological profiles, which
are included in most individual-level indices, the PISA
index could also be used to predict injury outcomes at the
individual level.”™ * The validation showed that the PISA
index was able to accurately classify 82% of injuries that
resulted in a fatal outcome as highly severe. The index
has a relatively simple scale based on summation of eight
binary indicators, and could still yield robust estimates
when reduced to three indicators (anatomical, physiolog-
ical profiles and postinjury hospitalisation).

Limitations

The data source was based in rural Bangladesh, and may
not be generalisable to other settings, especially HICs. The
PISA index may require repeated use in other settings to
be universally applicable. Information and recall biases
could have also affected the findings given that key infor-
mation was retrospectively assessed over a 6-month and
l-year recall periods for non-fatal and fatal injury events,
respectively. There may be differential recall of informa-
tion on the indicators for the PISA index, and this has
implications on the reliability and validity of the index;
however, the combination of multiple indicators may have
offset the impact of differential recall. Although an initial
criterion validity was assessed for the PISA index, further
validity assessments are still needed. The sensitivity and
specificity of the PISA index could be further assessed, as
well as the testretest reliability, especially among LMIC
populations outside of rural Bangladesh.

The PISA index is based on a nonparametric statistical
procedure, the PCA, where no assumption is required
regarding the underlying distribution of the data and this
confers a methodological advantage; however, the results
from such calculations, for example, the principal compo-
nent loadings and eigenvectors, may be complicated to
explain on their own, except when applied as used in the
PISA index. The survey information required to opera-
tionalise the indicators for the PISA index are also quite
extensive, and may not be readily accessible under small
population-based study.

Conclusion

The PISA index, informed by existing injury severity
indices and based on the WHO ICF conceptual model
of health and disability, provides a valid and systematic
approach for assessing injury severity at the population
level, and is relevant for improving the characterisation
of the burden and epidemiology of injuries in non-health
facility-based settings. Like the TRISS, ASCOT and KTS
indices, the PISA index is useful for assessing the personal
and environmental determinants of injury severity, and
highly predictive of injury mortality. Unlike those injury
severity indices, the PISA index can facilitate the assess-
ment of the burden of injuries based on intention,
external causes and other factors in community-based
settings. Additional testing of the PISA index is needed

to further establish its validity and reliability for injury
severity assessment, and for populations outside of rural
Bangladesh.
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