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SUMMARY. The aim of the study was to investigate the possibility of using supervised statistical models to assess burn injury
patterns, outcomes and their interrelationship. Using burn study data, a preliminary principal component analysis was carried out
and two separate clusters were observed. Observations were split into two classes and analysed by partial least squares (PLS) re-
gression discriminant analysis to assess possible predictors of each class. To assess predictors of total body surface area burned
(TBSA), the orthogonal projections to latent structures (OPLS) model was used after PLS regression. The identified classes were
later designated as high-risk burn victims and low-risk burn victims. Female gender fell into the high-risk class. Many possible
predictors were found to be associated with burn injury extent, after modelling the natural logarithm of TBSA by OPLS. The fit-
ted model explained 76% of variation in Y. It excluded up to 9% of orthogonal variation captured in two orthogonal components.
This seems to be the first application of the OPLS model in public health epidemiology. The results of this study were promising
regarding the use of supervised models in injury pattern analysis.
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Introduction

Burns are a major public health issue leading to con-
siderable morbidity and mortality, especially in low- and
middle-income countries.' A vital part of designing any in-
jury management plan is to make an epidemiological map
of the factors related to injury occurrence or injury out-
come. These factors can be related to patterns of injury
occurrence or they can be indicators of safety status in the
fields of environmental safety, product safety, and safety-
related behaviours of people regarding injuries. Some of
these factors may also be associated with outcomes and
situations after the injury has happened. Discriminant in-
vestigation of target groups based on these factors, for fu-
ture passive or active intervention, may be helpful when
designing pattern-specific interventions or targeting group
priority setting. Another important issue in injury epi-
demiology is to explore predictors of burn severity that
can in turn help in prioritizing prevention strategies. In in-

jury epidemiology, due to the large numbers of possible
variables to be studied, appropriate statistical methodolo-
gies need to be sought and tested. The application of meth-
ods such as principal component analysis (PCA), based on
forming latent variables, has been a common tradition in
the study of large numbers of variables. However, super-
vised modelling techniques, such as partial least squares
regression (PLS). and orthogonal projections to latent struc-
tures (OPLS). may be suitable alternatives or comple-
mentary options to the classical modelling techniques be
cause they can manage large numbers of variables for
smaller sample size and at the same time be less prone to
threats from multicollinearity and missing values.** One
question asked in this study was whether these models can
be used to classify burn victims based on injury patterns
and outcomes. The second question was whether super-
vised models could be used to predict total body surface
area (TBSA) burned as an outcome measure by other vari-
ables of interest.
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Methods

Data

The data for this paper were collected through a study
conducted in 2007-2008 at the Fatemi Burn Center, which
is the provincial referral burn centre in the Ardabil province,
North-west Iran.’ In this study 224 out of 237 burn vic-
tims hospitalized in the Arbabil Provincial Burn Center,
for whom there was complete information on injury pat-
terns, outcomes and safety measures, were enrolled. Data
were collected using a simple questionnaire designed in a
previous study and modified to be used in a hospital-based
setting.”” The main data collected through the question-
naire were: 1. injury event characteristics and patterns of
injury occurrence collected through multiple choice ques-
tions; 2. injury outcome; 3. some self-reported home safe-
ty measurements; 4. injury event characteristics and pat-
terns of injury occurrence collected through an open-end-
ed question, later coded through quantitative content analy-
sis. A unit coding scheme and single concept categoriza-
tion were used.® The study was approved by the of the
Ardabil University of Medical Sciences Research Com-
mittee as part of a joint research between the University
and Karolinska Institutet, Sweden.

Modelling process

The first analysis method used was principal compo-
nent analysis. Three components were captured with cu-
mulative R*>= 0.14 and Q*= 0.06. After assessing score
plots of first vs. second components (Fig. 1) =1 1, as well
as first vs. third components, two separate clusters were
observed. Observations were split into two classes to in-
vestigate possible predictors belonging to each class and
to study associated variables (class one is called class A
and class two is called class B in this paper).

Partial least squares regression discriminant analysis
(PLS-DA) was used to discriminate the two classes and
assess possible predictors belonging to each class. All vari-
ables were scaled to unit variance and centred before be-
ing introduced into the model. Only one component was
captured by the PLS-DA model. Errors were plotted show-
ing no substantial deviation from normal distribution.
Scores were plotted to assess discrimination of observa-
tions and to detect possible outliers, showing lack of any
strong outlier (Fig. 2). An observed versus predicted val-
ues plot and a misclassification table were produced to as-
sess the prediction capabilities. Class prediction by the
model was 99.1% correct. Hotelling’s T* as a combination
of all the scores in the component was plotted across all
observations to measure observation distance from the cen-
tre of the PLS model hyper-plane. CV-ANOVA verified
model significance with a high statistical significance for
the F-test. A validation plot was produced to assess the
risk that the current PLS-DA model was spurious. The pur-
pose of this validation was to compare the model the good-
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Fig. 1 - Score plot of 1st versus 2nd components in principal com-
ponent analysis showing existence of two possible clusters of ob-
servations regarding hospitalized burned patients.
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Fig. 2 - Score plots of the single captured component in partial least
squares regression analysis, discriminating two classes of burned pa-
tients

Black dots: Observations belonging to class 1, later referred to as
the lower risk class.

Grey dots: Observations belonging to class 2, later referred to as
the higher risk class.

X axis: Observations. Y axis: Scores (t. of observations in single cap-
tured component of PLS-DA

Black dotted lines: two standard deviations range limits

Grey bullet lines: Three standard deviations range limits

Black line: Class discrimination line

ness of fit (R* and Q°) of the original model with the good-
ness of fit of several models based on data where the or-
der of the Y-observations was randomly permuted, while
the X-matrix was kept intact. This cross-validation run on
20 permutations was promising both for R* and Q’in the
applied PLS-DA model. Modelling was carried out using
SIMCA P12 statistical software package (UMETRICS,
Umea, Sweden).
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Fig. 3 - Plot of PLS-DA regression coefficients discriminating burn
victim classes and their jackknife 95% confidence intervals.

Y axis: p coefficient. X axis: Variables in model ranked by their co-
efficient magnitude and sign.
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Fig. 4 - Variable importance for the projections (VIP) plotted for all
variables.
X axis: Variables in model ranked by their VIP magnitude.

Ethical issues

The study was conducted in accordance with the eth-
ical standards of the responsible Committee of Ethics in
the Ardabil University of Medical Sciences.

Results

Discriminant analysis results

- Model characteristics

As can be seen in the coefficients plot in Fig. 3, some
variables significantly discriminated burned patients into
two classes. Variables with coefficient confidence inter-
vals not crossing the zero line were statistically significant
variables in predicting subject class. More than a quarter
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of the modelled variables and dummies had statistical sig-
nificance in class prediction.

Variable importance for the project (VIP) is plotted in
Fig. 4. The sum of squares of all VIPs is equal to the num-
ber of terms in the model and the average VIP would be
equal to one. VIP values larger than one indicate “impor-
tant” variables, and values lower than 0.5 indicate “unim-
portant” variables. The interval between one and 0.5 is a
grey zone, where the importance level depends on the size
of the data set.

- Class A (Higher risk class

This class consisted of 106 burned patients, two of
whom were misclassified by the model. Belonging to Class
A was significantly predicted by some variables. They are
ordered by their statistical significance as indicated in Table
1. Three variables were borderline in statistical significance,
namely: Body involved in burn injury, Flame burn injury,
and Number of people living in household (Household
size).

- Class B (Lower risk class)

This class consisted of 118 burned patients, none of
whom were misclassified by the model. Belonging to
Class B was significantly predicted by some variables.
They are ordered by their statistical significance as indi-
cated in 7able I. In this class there were also two vari-
ables that were borderline in statistical significance, name-
ly: Body (trunk. not involved in burn injury, and Aca-
demic education.

Based on information provided by the model we can
classify Class A as a higher risk group and Class B as a
lower risk group. As can be seen in the models, this clas-
sification is based both on burn outcome variables and on
pre-injury patterns and issues. Higher age, although not
statistically significant, tended descriptively to be includ-
ed in Class A.

Predictors of TBSA

Different predictors were found to be associated af-
ter modelling the natural logarithm of TBSA as a con-
tinuous outcome in the OPLS model. The model had 147
variables, 85 of which came from content analysis of the
description of injury and 37 from the home safety as-
sessment questions. After expansion of categorical vari-
ables, a total of 290 variables was included in the mod-
el. The fitted model explained 76% of variation in Y. It
excluded up to 9% of orthogonal variation captured in
two orthogonal components. Variables statistically sig-
nificant in predicting burned TBSA and their source of
measurements in data collection are given in Table II.
These variables are ranked in decreasing order in the table,
based on the magnitude of their coefficients. Age and
gender were not found to be associated with TBSA in
this model.
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Table I - Statistically significant predictors of belonging to separate classes modelled by partial least squares regression discriminant analysis

Class A

Class B

Using kerosene, gasoline or coal burning air heaters

Using electric or gas burning air heater

Heating fuel not piped gas

Piped gas being the heating fuel

Cooking fuel not piped gas

Piped gas being the cooking fuel

Not having piped gas facility at home

Having piped gas facility at home

Using Valor* for cooking at home

Not using or rare use of Valor* for cooking at home

Ceiling made of flammable material

Non-flammable structure of house ceiling

No gas stove safety checkups done in the six months before
interview

Gas stove safety checkups done during the last six months

Didn’t know the phone number for emergency medical services

Knowing the phone number for emergency medical services

Using kerosene burning samovar* or stove-top samovars and
kettles to prepare tea

Referral to a health centre

Didn’t know police phone number

Using electric and piped-gas burning samovars, versus other
types mentioned in class A

To prepare tea

First referral to a health house*

Knowing the phone number to police

Samovar type such as kerosene burning, coal burning, or stove-top
samovars

Non-Samovar type as in kerosene burning, coal burning and
stove-top samovar

Always or often cooking in corridor or vestibule

Not always or not often cooking in corridor or vestibule at hous

Using non-safe cooking appliances

Not using non-safe cooking appliances

Always using camping gas stove for home cooking

Not always using camping gas stove for home cooking

Not knowing fire services phone number

Knowing the phone number to fire services

Cooking in a non-safe place

Cooking in a safe location

Lacking a separate kitchen

Male gender

Female gender

Not using tendir* for cooking bread

Using a tendir* for cooking bread

Having a separate kitchen at house

Always or often cooking in living room

Not always or not often cooking in living room

Never or rarely using classical multi-burner gas stoves

Using classical multi-burner gas stoves for cooking

Use of camping gas stove at home

Not using camping gas stove for cooking at house

Higher total body surface area (TBSA) burned

Using approved samovar with national standard mark

Not using samovars produced under the supervision of national
standard organization or not knowing about such a standard

Not living in a house made of made of raw bricks or mud lumps

Living in a raw brick-made or mud-made house

Hot objects responsible for burn injury

Death in hospital due to burn injury

Lower limb not involved in burn injury

Lower limb burnt

Pattern such as bumping into a table or cabinet with a hot
container (including samovars) on it.

Pattern not a case of bumping into a table or cabinet with a hot
container on it

Valor not involved in burn injury event

Valor involved in a way in burn injury pattern

Higher level of education

Injury mechanism not a result of overturning of a container

Injury mechanism not a case of overturning of a container

A faulty cooking/heating appliance associated with burn injury

No faulty cooking/heating appliance associated with burn injury

Low level of education

Not always using single burner gas stoves for cooking

Always using single burner gas stoves

Unintentional burn injury

Intentional burn injury

Cooking in separate kitchen

Rarely or never cooking in a separate kitchen

Higher roofed living area (per household member)

Upper limb not involved in burn injury

Upper limb involved

Using non-safe appliances for air-heating

Burn due to non-classified agents

Frequent accidents of children overturning a frying pan

Using safer appliances for air-heating

Not using cooking gas stove for heating air

No accidents of children overturning a frying pan

Stove for heating air

* See Appendix for explanation of pictures
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Appendix: Description of some regional terminology

Samovar: A heated metal container traditionally used to heat and boil water in and
around Russia, as well as in other Slavic nations, Iran, Kashmir and Turkey.

Valor: A traditional heating-cooking kerosene-burning appliance in Iran. It is a chim-
neyless appliance. A similar type of device is also available, called alaeddin.

Pictures of a samovar (right) and Valor (left). are provided below.

Tendir: A traditional bread cooking device, which is known by this name in some ar-
eas of Iran, Azerbaijan and Turkey. The ones used at bakeries are usually standing
tendirs, which are above the floor level, and those used in rural houses are usually dug
into the ground, making it possible for children to fall into hot ashes even after the
cooking is over.

Health house: In rural areas of Iran, the basic health care is provided by over 16,000
health houses (HH) staffed by at least one auxiliary health worker (or Behvarz). Be-
hvarzes are selected by and resident in the main village,
and undergo two years of training in specific health du-
ties (Appendix ref. 1).

App. ref. 1: Asadi-Lari M, Sayyari AA, Akbari ME et
al.: Public health improvement in Iran - lessons from
the last 20 years. Public Health, 118: 395-402, 2004.
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Table 2 - Factors found to be associated with TBSA percentage in OPLS model

Variable measurement group Factors increasing TBSA Factors decreasing TBSA
Injury outcome Body trunk burned Body trunk not burned
Injury outcome Death Discharged from hospital after recovery
Other Referral to regional burn centre Discharged from hospital after recovery
Injury outcome Upper limb burned Upper limb not burned
Patterns extracted by content analysis Filling a kerosene-burning appliance with fuel | No such pattern
of injury description
Injury outcome Third degree burn Second degree burn
Patterns extracted by content analysis Not burned by tar No such pattern
of injury description
Injury outcome Lower limb burned Lower limb not burned
Patterns extracted by content analysis Explosion No such pattern
of injury description
Patterns extracted by content analysis While using gasoline to clean stains out No such pattern
of injury description of clothes
Home safety assessment Not knowing the police number Knowing the police number
Patterns extracted by content analysis Health problems such as epilepsy, dizziness, No such pattern
of injury description skeletal form or problems
Patterns extracted by content analysis While recharging a gas canister or while No such pattern
of injury description fixing a faulty appliance
Patterns assessed by multiple choice questions | Fire and hot water as causal agent Hot object and hot food as causal agent
Patterns extracted by content analysis More than one person involved in the same Only one person burned in injury event
of injury description event
Patterns extracted by content analysis Gas connection tube involved in the event Gas connection tube not involved in the
of injury description event
Content analysis of injury description Whole or part of body immersed in hot liquid | No such pattern
Home safety assessment Using unconventional heating devices Not using unconventional heating devices
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Discussion

Statistical methodology

The use of supervised modelling techniques has start-
ed only recently in injury research.””” These models have
advantages such as being able to manage large numbers
of correlated variables, and offering higher study power,
and moderate ability in managing missing values.*

We successfully applied PLS to discriminate burn vic-
tims using almost 150 variables measuring their injury,
patterns of injury occurrence, home safety status, and de-
mographic characteristics. PLS was first presented by Wold
in 1975 for modelling complicated datasets in terms of
chains of matrices and it was later modified by other re-
searchers.” In common with principal component analysis
(PCA), PLS also looks into the internal relationships in
the matrix of variables and cases, combining the charac-
teristics of single variables into new definitions of factors
or components; but in contrast to PCA, a main objective
in PLS is to predict outcome-related variables from pos-
sible predictors. This is done by linking the X and Y ma-
trices. This characteristic of the PLS method, also present
in OPLS, makes both methods more effective than PCA,
and is the reason why they are referred to as supervised
methods. In other words, in supervised methods variables
are projected into new coordinating systems similar to PCA,
but their aim is to maximize the covariance between out-
come and predictor variables instead of strategizing to ex-
plain as much variance inside the matrix as possible. If we
consider one matrix of possible predictor variables (mod-
el X) and one matrix of outcome variables (model Y), PLS
tries to model X and Y, and at the same time to predict
Y from X. We used partial least squares discriminant analy-
sis (PLS-DA) to separate primarily observed clusters in the
PCA model. PLS-DA is a PLS regression where Y is a
set of binary variables describing the categories of a cat-
egorical (in this case a dichotomous one consisting of class
A and class B) variable by a latent variable or variables
drawn from original possible predictor variables.” Inter-
estingly, the observed statistical associations regarding dis-
crimination of the two classes in the present study appar-
ently possesses theoretical plausibility. Variable values
such as death and higher TBSA were clustered in the same
class. The relation between TBSA and risk of death is well
documented in the literature and regarded as a scientific
fact in burn research.

The PLS discriminant analysis model was so parsi-
monious regarding the number of components that we did
not consider using the OPLS modelling technique at this
stage. However, with regard to the second research ques-
tion in this study, our final model of choice was OPLS.
We successfully applied the OPLS model to investigate
variables predicting TBSA. As we had expected, regard-
ing well-known outcome factors associated with TBSA,
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the model was found to produce plausible results.” Simi-
larly to PLS, an advantage of using this model was that
we were able to model large numbers of variables, some
even naturally highly correlated with each other. Thus, an
opportunity was provided to study up to 85 variables de-
riving from content analysis of injury descriptions, 37 about
home safety variables, and other conventional variables.
This helped us to explore possible predictors not discussed
in previous research, or discussed descriptively or without
modelling. Both PLS and OPLS are regarded as supervised
models, while OPLS compared to the regular PLS regres-
sion provides a simpler method with the additional ad-
vantage that the orthogonal variation can be analysed sep-
arately.* With an increased number of components and or-
thogonal variations, OPLS will provide more models -
OPLS in fact, in addition to the regular PLS regression,
provides a simpler method with the additional advantage
that the orthogonal variation can be analysed separately
without modelling. Both PLS and OPLS are regarded as
supervised models, but OPLS compared to the regular PLS
regression provides a simpler method with the additional
advantage that the orthogonal variation can be analysed
separately.*

With an increased number of components and or-
thogonal variation, OPLS will provide more interpretable
and fewer biased results than PLS.>* The amount of or-
thogonal variation in burn injuries may not be as high as
in due chemometrics and OMICS research, but neverthe-
less even a moderately low improvement of interpretabil-
ity and bias may be sufficient to prioritize OPLS over PLS.

Burn results

Our study showed that burn victims hospitalized in the
Ardabil provincial burn center could be classified into two
separate groups. We called the first group the high-risk
group. Using this terminology was due not only to the
poorer outcome measures in this group but also to the co-
incidence of environmental, behavioural, and appliance-
related risks in this group. Previous research has found
some of these factors to be risk factors for burn injury oc-
currence in case control studies or has described them as
possible risks.'*" Our research showed clustering of these
factors with each other and, at the same time, clustering
of these factors with the poor burn outcome measures. The
female gender was classified in the high-risk group. it is
hard to draw the conclusion, based only on the results of
this model, that the female gender is associated with poor-
er outcomes. it must also be taken into account that many
cooking-related appliances are mainly used by women, and
a higher chance of falling into a common class can ac-
cordingly be expected for the female gender.

However, no matter how highly the female gender can
be associated with poorer outcome, in the area of pre-
injury factors it is obvious that the female gender belonged



to a high-risk class that must be considered a target group
for a burn prevention plan. In the OPLS model, assessing
predictors of TBSA, despite descriptively having higher
TBSA, female gender was not found to be a statistically
significant predictor of TBSA. Whatever the explanation
of this finding, however, we believe that further clarifica-
tion of this question needs more research focused on gen-
der effect in both research design and analysis. Previous
studies have discussed, sometimes controversially, an as-
sociation between gender and burn severity outcomes but
few have investigated this while controlling for injury pat-
terns and many other variables."™"*** Considering the ad-
vantages, as said above, of supervised models, in multi-
variate analysis using OPLS, the authors were also able to
use variables created in content analysis of an open-ended
question. We found that getting burned while filling a
kerosene burning appliance with fuel can be an important
predictor of TBSA, constituting a pattern discussed in cer-
tain case series.'”*** Prior to using the OPLS model we had
found it to be important but we had only carried out a bi-
variate analysis with arbitrary dichotomization.” Most oth-
er patterns had also not been studied through modelling
before. In the present study using the OPLS model, age
was not explored as a significant TBSA predictor, a find-
ing that must be interpreted with due caution considering
the highly probable non-linear association between age and
TBSA. Owing to methodological limitations, it was not
possible for us to carry out extended subgroup analysis for
further clarification of the role of gender and age, and it
is therefore highly to be recommended that studies taking
advantage of supervised modelling techniques should be
conducted on a wider scale. Home safety assessment vari-
ables, however, may be useful in classification analysis
yielding information for possible prevention programmes
even if, in some cases, they can be confusing when mod-
elled for the prediction of burn outcome. In this study most
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of these home safety variables were not found to be TB-
SA predictors. One somewhat confusing finding in this re-
gard concerned the association between “knowing police
number” and TBSA. Some explanations can be discussed,
e.g. that it acted as an indicator of alertness, but we are
concerned here with the plausibility of the finding and pre-
fer to consider it a result of a type one random error. Health
problems such as epilepsy, dizziness, and skeletal prob-
lems were found to act as predictors of TBSA. A theoret-
ical explanation for this is that the event mitigation abili-
ty of these people may be lower than that of healthy peo-
ple. Problems or disorders affecting bodily functions or
control of body motions are known as risk factors for burn
injuries, but their role as burn severity predictors is not
well defined in the literature, possibly due to power short-
age and the limitations of statistical methods.**

The results of this study are promising but owing to
the shortage of studies conducted in the application of su-
pervised models in injury epidemiology, they need to be
interpreted cautiously. The statistical models used in this
study have yielded mostly plausible results. There is, how-
ever, a necessity to investigate the applicability of the mod-
els in injury epidemiology studies in different settings be-
fore firmer conclusions can be drawn about the usefulness
of these methods in injury epidemiology or in other pub-
lic health studies. Also, in spite of the many advantages
of these models compared to classical regression models,
these models cannot fully replace classical multivariate
methods. Their lower simplicity, the lack of experience
in their application, and possibly their limited role in ex-
plaining independent causal relationships may be disad-
vantages of the PLS and OPLS methods. Nevertheless,
combined application of such methods with traditional
models and alternative use of them in different situations
can be recommended if the consistency of their applica-
bility in this field is confirmed in future studies.

RESUME. Les Auteurs de cette étude se sont proposés de considérer la possibilité d’utiliser des modéles supervisés statistiques
pour évaluer les diverses typologies des 1ésions, les résultats et leurs interrelations. Ils ont employé les données d’une étude pré-
cédente sur les brilures pour effectuer une analyse préliminaire des composantes principales et deux groupes distincts ont été ob-
servés. Les observations ont été divisées en deux classes et analysées par le systéme des moindres carrés partiels (MCP) afin d’avoir
une évaluation des prédicteurs possibles de chaque catégorie. Pour évaluer les prédicteurs de la surface corporelle totale brilée, les
projections orthogonales pour modéliser des structures latentes ont été utilisées, apres la régression MCP. Tout cela parait étre la
premiere application du modele OPLS dans I’épidémiologie de la santé publique. Les résultats de cette étude sont prometteurs en
ce qui concerne I’utilisation de modéles sous surveillance dans 1’analyse du profil des blessures.

Mots-clés: modeles supervisés, épidémiologie des Iésions, brilures, modéles de 1ésions, modeles OPLS
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