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Abstract

Our study is a cross-sectional analysis of Maryland 
poisoning deaths for years 2003 and 2004. We used 
Classification and Regression Tree (CART) 
methodology to classify 1,204 Maryland
undetermined intent poisoning deaths as either 
unintentional or suicidal poisonings. The predictive 
ability of the selected set of variables (i.e., poisoned 
in the home or workplace, location type where 
poisoned, place of death, poison type, victim race 
and age, year of death) was extremely good. Of the 
301 test cases, only eight were misclassified by the 
CART regression tree. Of 1,204  undetermined intent 
poisoning deaths, CART classified 903 as suicides 
and 301 as unintentional deaths.  The major strength 
of our study is the use of CART to differentiate with a 
high degree of accuracy between unintentional and 
suicidal poisoning deaths among Maryland 
undetermined intent poisoning deaths.

Introduction

In the U.S. and globally, deaths due to poisoning have 
been increasing steadily over time, with more recent 
steep increases.1 Poisonings may be due to illicit or 
licit drugs, chemicals, gases, or other substances. The 
U.S. increases, however, have been largely attributed 
to unintentional and undetermined intent drug 
poisonings. The illness burden of these potentially 
preventable deaths is high. In the U.S. between 1999 
and 2005, there were 180,347 deaths attributed to 
poisoning, 120,596 of which were unintentional 
deaths, 37,435 suicides, and 21,792 of undetermined 
intent.2 An economic analysis for 4,862 self-inflicted 
fatal poisonings in the U.S. for year 2000 estimated 
the medical costs of these poisonings at 17 million 
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dollars and lost productivity costs at 4.8 billion 
dollars.3 Poisonings were the leading cause of injury 
deaths in Maryland in the year 2004 (718 deaths) and 
occurred more frequently than motor vehicle accident 
(660), firearm (654), fall-related (430), and 
suffocation deaths (316).4 In the same year, 
Maryland’s age-adjusted undetermined intent death 
rate ranked 2nd (10.94 per 100,000 population) among 
the 50 states and the District of Columbia.2

Considerable ongoing public health efforts attempt to 
reduce the rate of poisonings. An important 
complement to those programs is an accurate 
surveillance system. Currently, the U.S. Centers for 
Disease Control and Prevention (CDC) National 
Center for Health Statistics (NCHS) produces the 
National Vital Statistics System (NVSS) as the 
primary U.S. mortality surveillance system.5 The 
NVSS is based upon official death certificates. One 
problem in completing death certificates involves 
assessing the intent behind a decedent’s death.6 Due 
to these uncertainties, a number of investigators 
believe that a proportion of suicides are misclassified 
as unintentional or undetermined intent injury 
deaths.7 This has important implications for the 
surveillance of fatal poisoning deaths.

In 2003, the CDC began implementation of a new 
surveillance system, the National Violent Death 
Reporting System (NVDRS).8 Participating states 
abstract multiple records and compile case data in 
electronic format for suicides, homicides, deaths due 
to legal intervention, unintentional firearm injury 
deaths, and deaths of undetermined intent. Deaths due 
to unintentional poisoning are not included. The 
abstracted records include death certificates, medical 
examiner and coroner records, law enforcement 
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records, and crime laboratory records. Ultimately, 
state-level data are sent to the CDC to create the 
NVDRS. With more than 300 variables available for 
study, the NVDRS provides a richer data source for 
surveillance of these types of injuries versus the 
NVSS, which is based only on official death 
certificates. An abbreviated version of NVDRS data 
can also be freely downloaded via the National 
Archive of Criminal Justice Data website.9 Maryland 
is one of the original reporting NVDRS states. The 
Maryland state-level surveillance system is the 
Maryland Violent Death Reporting System 
(MVDRS).10 A number of studies of  poisoning 
deaths have been conducted with usual statistical 
methods, such as multivariable logistic regression 
modeling, to determine which characteristics are most 
prevalent among the different types of poisoning 
deaths and which of those characteristics may 
predispose a poisoning death to be classified as 
undetermined intent. Another statistical methodology 
which has been used extensively to develop 
classification schemes and to partition data is CART 
(Classification and Regression Tree Analysis).

Methods

Our study is a cross-sectional analysis of Maryland 
poisoning deaths for years 2003 and 2004. We used 
Classification and Regression Tree (CART) 
methodology to classify Maryland undetermined 
intent poisoning deaths as either unintentional or 
suicidal poisonings. The CART methodology11 has 
been used extensively and previously described.16-18

Briefly, this methodology utilizes recursive 
partitioning to build hierarchical binary classification 
trees. The classification trees are automatically 
developed to forecast target events by considering 
every possible cutpoint on every independent 
predictor at every node in the classification tree. An 
“impurity criteria” is used11 to identify optimal 
cutpoints which distinguish outcomes at each node.
Advantages of CART versus multivariable regression 
analysis are the ability to utilize large numbers of 
predictor variables, nonreliance on the underlying 
distributions for statistical inference, and variables 
with missing data can still be utilized.16-17

CART methodology has been successfully utilized 
across a wide range of medical disciplines. Adams 
KF Jr et al19 used CART for prediction of in-hospital 
mortality, Ambalavanan N et al20 utilized CART to 
predict death in preterm infants, whereas Bevilacqua 
M et al21 employed the CART approach for 
prediction of high accident risk situations. CART also 
has been successfully used for predictive modeling in 
patients with cardiovascular conditions22-24, cancer25, 
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work-related disabilities26, upcoming asthma 
exacerbations27, and drug-induced hyperglycemia in 
hospitalized patients.28

Two data sources were utilized in our study. 
Maryland poisoning cases of undetermined intent and 
the CART learning dataset for suicidal poisonings 
consisted of the years 2003 and 2004 National 
Violent Death Reporting System Public Use Datasets 
(NVDRS-PUD), which have been described 
previously.12 The NVDRS-PUD was limited to 
Maryland residents. Cases in which the weapon was 
not a poison were excluded.  Unintentional poisoning 
deaths are not included in NVDRS. Because of this, 
the CART software learning dataset for unintentional 
poisonings consisted of NCHS Vital Statistics 
Multiple Cause of Death Data (NCHS-MCOD) files 
obtained from the National Bureau of Economic 
Research (NBER) website, which are described 
elsewhere.13,14 Maryland unintentional poisoning 
deaths with the ICD-10 codes X40 to X49 were 
retrieved from the NCHS-MCOD files.  Ten variables 
in the NCHS-MCOD file were recoded to match the 
NVDRS-PUD file.  These included:  sex, race, age, 
marital status, type of location where injured, injured 
at work, level of education, birth place, injured at 
home, and place of death.  The type of drug involved
in the unintentional poisoning was derived using the 
underlying cause of death and 20 additional ICD-10 
cause code fields.  The type of drug involved was 
classified as alcohol, street drug,  over-the-counter 
drug, prescription drug, other drug, or carbon 
monoxide.

There were 1,204 NVDRS-PUD undetermined intent, 
172 NVDRS-PUD  suicide, and 129 NCHS-MCOD  
unintentional Maryland poisoning deaths available for 
study. The NVDRS-PUD data contained 34 variables 
and NCHS-PUD contained 43 variables, but only 12 
variables were  common to both data sets. Therefore, 
the CART analysis variables were limited to twelve 
variables common to the three manner of death-type 
files: manner of death (unintentional, suicide, 
undetermined intent), age (categorized in bands), sex, 
race (white/black/other), marital status, type of 
location where injured, injured at work, injured at 
home, birthplace, place of death, type of poison, and 
case year. All twelve variables were included in the 
set of predictors for the CART.

Results

We conducted the CART analysis using eleven 
variables common to the two dataset types. The cases 
were divided into groups by the twelfth common 
variable, manner of death. Table 1 provides a list of 
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the variables and the importance of the variables in 
terms of differentiating between unintentional and 
suicidal poisonings.

Table 1. Variable Importance

Variable Score
Poisoning occurred in the home 100.0
Type of location where poisoned 54.61
Type of poison 43.81
Poisoning occurred at work 39.97
Race 35.97
Place of death 25.12
Age 1.75
Year of death 1.04
Marital status 0.30
Sex 0.00
Place of birth 0.00

Eight of the eleven variables were strong in their 
ability to differentiate between unintentional and 
suicidal poisoning deaths. Four of these variables 
were related to physical location: poisoned in the 
home or workplace, type of location where poisoned, 
and place of death. Also important were the type of 
poison, race and age of victim, and year of death. The 
three other variables had limited abilities to 
differentiate between poisoning deaths by intent. 
These variables were marital status, sex, and place of 
birth of the victim.

Table 2 provides the results of a test for CART 
misclassification of the unintentional and suicidal 
poisoning deaths used to create the algorithm. Of the 
301 test cases, only eight were misclassified under the 
regression tree created by the CART.

Table 2. Performance of the CART Classification 
Algorithm

Class Number 
of Cases

Number 
Misclassified

%Error

Suicide 172 5 2.91
Unintentional 129 3 2.33

After a classification tree was created using the 
learning datasets, the algorithm was applied to the 
Maryland undetermined intent poisoning deaths. 
Table 3 provides the results of that analysis in which 
undetermined intent poisoning deaths were classified 
as either unintentional or suicidal poisoning deaths by 
the CART algorithm. Of the 1,204 Maryland 
undetermined intent poisoning deaths, CART 
classified 903 as suicides and 301 as unintentional 
deaths.
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Table 3. CART classification of the undetermined 
intent poisoning deaths

Class Suicide Unintentional Total 

Undetermined 
Intent

903 301 1,204

An additional test of the CART classification 
performance was carried out by utilizing the CART 
classification results of the undetermined intent 
poisoning deaths for CART re-training and applying 
the resulting algorithm to the 1,204 cases from the 
Maryland dataset. This test was conducted by 
changing the class of undetermined intent cases to the 
CART-assigned category (as indicated in the Table 3) 
of either unintentional or suicidal poisoning. These 
cases were then analyzed by the CART classification 
scheme to estimate a classification percent error. 
Table 4 provides the results of this test.

Table 4. Performance of the CART classification 
algorithm based on the classified Maryland dataset

CART-
assigned 
Class

Total 
Cases

Number 
Misclassified

%Error

Suicide 903 4 0.44
Unintentional 301 1 0.33

Discussion 

The predictive ability of the selected set of variables 
was extremely good. Of the 301 test cases, only eight 
were misclassified under the regression tree created 
by the CART. Of the 1,204 Maryland undetermined 
intent poisoning deaths, CART classified 903 as 
suicides and 301 as unintentional deaths.

One study has been published in which CART 
methodology was used to classify undetermined intent 
poisoning deaths in the state of Utah in 2002.15 The 
authors performed the analysis using a data source 
that was the precursor to NVDRS, the National 
Violent Injury Statistics System (NVISS). The CART
analysis identified several variables which 
differentiated between unintentional and suicidal 
poisoning deaths: previous suicidal behavior, drug 
abuse, physical health problems, depressed mood, 
and age. Based on the CART classification results, 
the authors concluded that the official Utah suicidal 
poisoning death rates could be underestimated by 
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30%, overall completed suicide rates by 10%, and 
unintentional poisoning death rates by 61%.

Our study was an investigation of suicidal, 
unintentional, and undetermined intent poisoning 
deaths, with a particular emphasis on those occurring 
in Maryland. We performed a CART analysis to 
determine which variables are most likely to 
discriminate between fatal unintentional and suicidal 
poisonings.

There were limitations to our study. A major issue 
was that the CART analysis was limited to only those
variables common to both the public use NVDRS and 
NCHS multiple cause of death files.  Variables such 
as day and month of death and county were available 
in the NCHS file, but not in the NVDRS file.  
Variables on the circumstances surrounding the death 
were available in the NVDRS file, but not in the 
NCHS data.    Including variables on the 
circumstances of the death could improve the analysis 
using CART.  Also, the National Violent Death 
Reporting System is a new surveillance system, with 
few published analyses and results. The NVDRS data 
are secondary data collected from sources that are
used for forensic, medico-legal purposes and not for 
public health research. Also, the NVDRS and NCHS 
multiple cause of death files are based on death 
certificates, which are known to vary in terms of 
accuracy and completeness. 

In spite of their limitations, a strength of our study is 
the data sources. Both data sources are based on 
official law enforcement, forensic investigation, and 
death records, which are legal documents carefully 
collected and recorded by professionals.  The 
NVDRS data are based on an overall assessment of 
multiple records collected by law enforcement and 
forensic experts, including coroners and medical 
examiners. These datasets are also readily accessible 
by researchers at no cost.

The cases in this analysis were reviewed by legal 
and/or forensic experts prior to their inclusion in the 
NVDRS and NCHS databases. Although a universal 
standard (beyond the traditional forensic autopsy) for 
classifying the intent of poisoning victims does not 
currently exist, this study could be enhanced by  
conducting  psychological autopsies of the cases
using the existing, original case files.29 Undergoing 
such a process may serve to validate the CART 
analysis results.

Conclusion

CART methodology allows  researchers to classify 
undetermined intent Maryland poisoning deaths as 
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either unintentional or suicidal poisonings with a high 
degree of accuracy.
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