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Abstract

Aims—To investigate differences in the presence of drugs, by gender, when considering deaths

attributable to homicides and suicides.

Design—Logistic regression analysis of mortality data collected by the Colorado Violent Death

Reporting System.

Participants and setting—A total of 5791 Colorado decedents who died of violent causes

from 2004 to 2009.

Measurement—Forensic pathologist autopsy data on drug presence at time of death, coded as

present, not present or missing.

Findings—Postmortem presence of drugs is associated strongly with the specific cause of violent

death. Compared with suicide decedents, homicide decedents are significantly more likely to test

positive for amphetamines [odds ratio (OR): 1.79; confidence interval (CI): 1.34, 2.39], marijuana

(OR: 2.03; CI: 1.60, 2.58) and cocaine (OR: 2.60; CI: 2.04, 3.31), and are less likely to test

positive for opiates (OR: 0.27; CI: 0.18, 0.39) and antidepressants (OR: 0.17; CI: 0.10, 0.28).

When other drugs are controlled for the influence of alcohol is abated dramatically. The patterns

of drug prevalence associated with homicide (particularly marijuana) are stronger among males;

the patterns of drug prevalence associated with suicide are stronger among females.

Conclusions—Suicide and homicide decedents are characterized by varying patterns of licit and

illicit drug use that differ by gender. Drugs associated with homicide (marijuana, cocaine and

amphetamines) are stronger among males, while drugs associated with suicide are stronger among

females (antidepressants and opiates). Taking these differences into consideration may allow for

targeted interventions to reduce violent deaths.
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INTRODUCTION

Substance use is associated strongly with violent deaths [1–3]. For example, heavy alcohol

consumption is related to higher risks of suicide [4] and homicide [5]. Nearly one in three

(31%) homicide victims in New York City tested positive for benzoylecgonine at the time of

death, which indicates recent use of cocaine [6], and comparable results have been shown

for suicides, especially among those who committed suicide with a firearm [7]. With few

exceptions [5,8], little research has described the presence of different types of drugs at the

time of death among homicide compared with suicide victims, and no study has examined

the role of gender in this complex process.

SUBSTANCE USE, GENDER AND VIOLENT DEATHS

Violent deaths remain a major social and health policy priority in the United States [9–12],

where the age-standardized death rate from homicide for individuals aged 25–44 years is 25

times higher in the United States than in France or Japan [13]. Homicide and suicide deaths

in the United States totaled 53 708 in 2009 [14] and contributed to more than 47 billion

dollars in economic cost from increased medical care and lost productivity in 2005 [15].

These deaths also exert a significant impact on racial/ethnic disparities in life expectancy

[16]. Characterizing the risk factors that accompany violent deaths, particularly drug

presence, is crucial for developing effective prevention policies.

Many national and community-based studies rely on self-reports of drug use, which may

underestimate prevalence rates [17]. Even valid and reliable reports of regular use, however,

may vary substantially from actual use near the time of death. Therefore, we endeavor to

analyze drug presence among decedents with a specific focus on gender differences among

drugs present at the time of death and aim to improve upon past analyses by controlling for

other covariates, including postmortem presence of other drugs.

Owing to the psychopharmacological effects of licit and illicit drugs [18], ‘alcohol and drug

abuse are second only to depression and other mood disorders as the most frequent risk

factors for suicidal behavior’. Although research has found that substance use, particularly

alcohol use, is associated with violent deaths, the literature has been concerned mainly with

the incidence of suicide [7,19] or homicide [20,21], rather than how the two causes of death

are associated with different drugs.

A comparison of homicide and suicide deaths requires attention because they are associated

with ecological factors (e.g. social normlessness, disorganization and inequality) that vary

substantially across societies [22]. If there are no differences in the risk of homicide versus

suicide as a function of the presence of drugs, then drug use may simply be part of a larger

social context that structures the likelihood of both deleterious outcomes. If, however,

certain substances are much more likely among homicide than suicide deaths, then the role
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of drug use vis-à-vis social etiology of violent deaths should be specific to the different

causes. Previous work has indeed found differences in the types of drugs present among

different kinds of violent death [8].

Marijuana, opioids and psychostimulants are significantly more prevalent among homicide

deaths than among suicide deaths [8]. For example, 22.1% of homicide decedents tested

positive for cannabis, compared with only 10.6% of suicide decedents. However, suicide

victims were significantly more likely than homicide victims to test positive for

antidepressants (12.6% versus 3.0%) and antipsychotics (5.5% versus 1.3%).

Focusing on the different types of drugs present is particularly relevant for gender

differences in the risk of violent death. The rate of violent deaths is significantly higher

among men than among women, and men are more likely than women to use and abuse

most substances [17,23]. Compared with women, men have elevated levels of illegal

substance abuse, which exposes them to a greater risk of drug violence [24]. Conversely,

gender differences in stress exposure and greater prevalence of mood and anxiety disorders

result in women’s greater use of pharmaceuticals, including anti-depressants [25–27].

Because of their pharmacological nature and cultural significance, stimulants such as

amphetamines and cocaine are more likely to be prevalent among homicide victims than

among suicide victims [8]. We also hypothesize that the ability of stimulant presence to

discriminate between the two types of death will be stronger for men than for women

because of elevated usage by males. Similarly, we expect to see a greater prevalence of

antidepressant use among suicide compared with homicide victims, an association that

should be significantly higher for women than for men. A greater understanding of

differences in drug use between suicide and homicide decedents could further clarify stress

coping patterns; help to assign a manner of death in future cases when the cause is unclear;

and lead to more effective policies regarding drug intervention, protocols for prescription

drugs and violence prevention initiatives [10,28,29].

Aims

This study examines how drugs in the system at time of death differ among Coloradans who

died violent deaths— suicides and homicides. We also examine whether these drugs differ

systematically between male and female decedents. This research broadens the literature by

using multivariate analyses; presenting results for the adult and gender-specific populations;

and including prescription drugs (antidepressants) while controlling for other important

covariates, including other drugs. Although past research has stressed the importance of

drug combinations, this perspective has not been applied to the analysis of violent deaths [8,

30].

METHODS

We use data from the Colorado Violent Death Reporting System (COVDRS), which is

conducted by the Colorado Department of Public Health as a participant in the National

Violent Death Report System (NVDRS) and funded by the Centers for Disease Control and

Prevention. The NVDRS was created in response to growing consensus on the need for
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comprehensive, high-quality data collection on violent deaths [10,31,32], which could

ultimately inform the development and implementation of violence prevention policy [32–

34]. Data are collected in 18 US states, including Colorado. A major advantage of NVDRS

is that it links data from death certificates and medical examiner, coroner and law

enforcement reports to produce a detailed surveillance system [10].

We analyze data from 2004–09, which include 5791 violent deaths among individuals aged

18 years and older in Colorado. The COVDRS contains information on the demographic

characteristics of, and relationships between, the victims and suspects; circumstances of the

incident; presence of alcohol and drugs in the victim at the time of death; type of location

where the event occurred; and type of weapon used [10]. For this analysis, we examine only

presence of alcohol and drugs. Detailed toxicology reports elucidate the specific

relationships between substance use, especially drug use, and the occurrence of violent

deaths.

We investigate associations between the presence of alcohol, amphetamines,

antidepressants, cocaine, marijuana and opiates and whether the death was a homicide or

suicide. Previous research has demonstrated racial/ethnic differences [30,35] and age

differences in drug prevalence among decedents, covariates for which we can directly

control; small sample sizes precluded separate analyses by detailed racial/ethnic or age

groups. In addition, we control for education because drug use and cause of death may vary

by educational attainment [16,36]. We use the COVDRS’s classification of homicide and

suicide [10] and control for gender (male, female), age group (18–21, 22–44, 45–64, 65–84,

85 years and older), race/ethnicity (non-Hispanic white, non-Hispanic black, Latino/

Hispanic, and other) and educational attainment (as measured by years of competed

education at time of death). The toxicology reports tested for the presence of alcohol,

amphetamines, antidepressants, marijuana, cocaine, opiates and any other drug (coded 1 if

present and 0 if absent).

We use logistic regression to analyze how drug presence differs between those who died of

homicide (coded 1) and those who died of suicide (coded 0). We present the coefficients as

odds ratios. For the entire population, one model is computed for each drug along with the

controls. Subsequently, all drugs are included into a model to determine whether the

inclusion of other drugs explains the effect of each particular drug. Individual models for

each drug are computed by gender, and then all the drugs are again added to analyze their

combined effect within each gender. Medical examiners often do not test for certain types of

drugs and sometimes do not test for any illegal substance. To avoid potential bias from

excluding cases, we collapse missing values into dummy variables and include them into the

model [37,38].

RESULTS

Table 1 displays drug presence among suicide and homicide decedents. Alcohol was

identified in 42.2% of all tested cases, and was more common among homicide (48.9%) than

suicide (30.1%) decedents. Among those tested, cocaine was present in 20.9% of homicide

but only 4.4% of suicide decedents; similarly, marijuana was present in 22.4% of homicide
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but just 5.9% of suicide decedents. Conversely, among those tested, antidepressants were

present in just 3.0% of homicide but almost 11% of suicide decedents; and opiates were

present in 4.4% of homicide but almost 11% of suicide decedents. ‘Other’ drugs were found

in 40.1% of all tested decedents; because there is such heterogeneity in that group— ranging

from barbiturates and caffeine to ibuprofen—we do not include them in the model. Only

11.8% of all the tested decedents who died as a result of violence had no drugs in their

system.

Compared with a meta-analysis conducted on only homicide decedents from around the

world [3], homicide decedents in the COVDRS had elevated prevalence of marijuana and

cocaine in males, lower levels of cocaine in females and lower prevalence of opiates in all

decedents. The elevated use of marijuana and cocaine is congruent with surveys of drug use

among Colorado adults. Compared with the national average, 3% more Colorado adults

have admitted to using illicit drugs [39]. The majority of violent deaths in Colorado were

due to suicide (83%) rather than homicide (17%), and the vast majority (77%) of the

decedents were men. The divergent patterns of drug prevalence and type of death are

articulated further in the multivariate analyses below.

Some drugs are correlated with each other. Although these correlations are not strong

enough to lead to multicollinearity problems (tested with model diagnostic variance

influence factor; results not shown), they merit discussion. Table 2 depicts the tetrachoric

correlations between different pairs of drugs for all Colorado decedents (a), and by gender

[(b), with males in the top portion of the matrix]. We use tetrachoric correlations because of

their strength in measuring binary data. The strongest correlation for the entire adult

population is between antidepressants and opiates (0.500), followed by marijuana and

amphetamines (0.400) and alcohol and cocaine (0.330). The correlation between alcohol and

cocaine is much stronger for males (0.353) than for females (0.205), and that between

opiates and antidepressants is much stronger for females (0.519) than for males (0.423).

These differences are statistically significant at the 0.05 level, as measured by Fisher’s exact

test.

Table 3 presents multivariate logistic regression results. For the total population—with

controls for age, gender, race/ethnicity and education—each of the individual drug effects,

with the exception of alcohol, is associated statistically significantly with the specific

manner of violent death. To model gender differences in drug presence formally, we include

interaction terms between gender and drug presence to show which drugs exhibited

statistically significant gender differences at the 0.05 and 0.10 levels. For the sake of

parsimony, only statistically significant results of the interaction models are presented in

Table 3, as indicated by superscripts c and d. In these models each drug is isolated, and an

interaction term is created between drug prevalence and gender (with no other drugs

controlled for). Because the interaction effects are statistically significant for every drug

except alcohol, amphetamines and cocaine, we run gender-specific models. The interaction

terms for amphetamines (P <0.10) and cocaine (P <0.11) are close to being statistically

significant, despite the controls.

Sheehan et al. Page 5

Addiction. Author manuscript; available in PMC 2014 July 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



In the individual drug effect models, amphetamines are associated strongly with homicide:

the presence of amphetamines is 79% [odds ratio (OR): 1.79; confidence interval (CI): 1.34,

2.39] more likely when the cause of death was homicide compared with suicide. Those with

marijuana in their system were more than twice as likely to have died from homicide as

from suicide (OR: 2.03; CI: 1.60, 2.58). Cocaine has the strongest positive association with

homicide: decedents with cocaine in their system were 2.6-fold more (OR: 2.60; CI: 2.04,

3.31) likely to have died from homicide than from suicide. Conversely, the presence of

antidepressants increases the relative odds of suicide compared with homicide almost sixfold

(1/0.17; OR: 0.17; CI: 0.10, 0.28). Finally, the presence of opiates at the time of death is

associated with a 3.7-fold (1/0.27; OR: 0.27; CI: 0.18, 0.39) increase in the odds of dying

from suicide compared with homicide. Figure 1 illustrates the results of the individual drug

models. Opiates and antidepressants are associated strongly with suicide compared to

homicide, a pattern much stronger in women than men, while marijuana, cocaine and

amphetamines are associated more strongly with homicide than suicide.

To examine the influence of each drug net of other drugs, we include all the drugs in a single

model, which slightly attenuates most of the effects. For example, the strong associations of

amphetamines and cocaine on violent deaths are reduced by 12% and 6%, respectively.

Nevertheless, the presence of all drugs (except alcohol), net of other drugs, exert a strong

and significant association on the odds of homicide versus suicide deaths.

Our results reveal substantial gender differences. For men, the odds of dying from homicide

rather than suicide increase twofold with amphetamines, 2.3-fold with marijuana and 2.7-

fold with cocaine. For women, only cocaine displays a significant association with

homicide: female decedents with cocaine in their system were nearly twice as likely to have

died from homicide compared with suicide (OR: 1.96). When all the drugs are included, the

association between cocaine and homicide becomes stronger. Antidepressants and opiates

exhibit a strong association with suicide, especially for women. For instance, the presence of

antidepressants in women increases their odds of death from suicide compared with

homicide 12.5-fold.

DISCUSSION

Our results underscore strong associations between drug use and type of violent death, as

well as significant gender differences. Consistent with previous studies of other populations

[3,8], all drugs tested in the Colorado adult population have sizable and significant

associations with cause-specific violent mortality. Opiates and antidepressants are associated

strongly with suicide, whereas amphetamines, marijuana and cocaine are associated with

homicide. Because of the pharmacological nature of amphetamines and the increasingly

violent markets associated with them, people using these drugs may be more likely to

engage in aggressive behavior [40,41]. The effect of alcohol diminishes when controls are

added for the presence of other drugs; this finding indicates that previous work might have

overestimated the influence of alcohol, particularly when other drugs are present [20].

Similarly, the association between antidepressants and suicide is also tempered, but remains

remarkably high when other drugs are included into a model. The presence of opiates and

antidepressants among suicide decedents may indicate vulnerable individuals who have
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suicidal tendencies. Antidepressants exhibit a strong association with suicide, and may be

prescribed to prevent it [42]. Opiates are distinct among the drugs studied here, in that they

are sometimes taken as an agent of suicide [43].

Whereas previous research has documented differential drug use among decedents by race/

ethnicity [6,35] and age [44], the results of this study reveal substantial gender differences in

the association between drugs and violent causes of death. Among males, amphetamines,

marijuana and especially cocaine are associated more strongly with homicides than with

suicides. For example, male decedents who tested positive for cocaine were 2.7-fold more

likely to have died from homicide than suicide. Women with positive tests for

antidepressants were 12.5-fold more likely to have died by suicide than homicide. Women

with opiates in their system showed a weaker association with suicide than women who

tested positive for antidepressants.

Because opiates can be used intentionally to overdose, we further examined how cause of

death differs by gender. More than three-quarters of women but just half of men who

committed suicide and tested positive for opiates died of poison-related causes (results not

shown). This finding comports with past research demonstrating that women commit suicide

with less-violent methods, such as drug overdose, whereas men use more violent methods,

such as guns [45]. Our work demonstrates that women are more likely than men to test

positive for opiates and antidepressants, regardless of the cause of suicide. Previous

descriptive work has asserted that, compared with women who are not taking cocaine,

women who are taking cocaine are much more likely to be attacked [35]; indeed, in our

combined model, the only drug associated with homicide for women was cocaine.

Our findings align with the tripartite contextual framework, which emphasizes three facets

that increase drug users’ vulnerability to violence [24]. The first two components of this

perspective emphasize processes unique to the individual user, such as the

psychopharmacological effects of drugs that alter the behavior of the user and the tendency

for drug users to engage in violent activities to gain economic resources to fuel their

addiction. The most important component of this perspective, however, is that illegal drug

distribution often occurs within a social context characterized by compulsive forms of

violence. Therefore, individuals who are most at risk are often placed in the most risky

environments, which may be the root cause of illegal drug use. As we found, gender is a

critical factor that may place men and women into quite different social contexts. Because

females generally take fewer illegal drugs than men [23], they are shielded from these

aspects of drug use that expose the user to violence. Indeed, we found generally that the

effects for illicit drugs predicting homicide are stronger for men than for women. Of course,

drug tests identify the presence of drugs but do not distinguish between licit and illicit drugs,

and some homicides are unrelated to drug use, such as in random acts of violence.

Three limitations of this study should be considered. First, male and female homicide

decedents were equally likely to be tested for drugs by coroners and medical examiners, but

female suicide victims were more likely to be tested than male suicide victims. To control

for potential selective testing bias, we employed a two-step Heckman correction [46–48]. In

the first step, we estimated the likelihood that an individual would be tested for each specific
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drug, and included all the previously mentioned covariates in addition to manner of death

and marital status. Next, we reran the models but included the probability of being tested

(the inverse Mills ratio), which controlled for the selection bias. The results were similar to

the models that did not use Heckman correction, indicating that selective testing is not

driving our results. Importantly, even when we controlled for the testing bias, the interaction

terms between drug presence and gender significant in Table 3 remained strong and

statistically significant.

Secondly, toxicological testing has some inherent flaws. Because some substances dissipate

over time, the amount of time between the ingestion of the substance and death will

influence the likelihood that the substance will show up in the toxicology report [3]. Because

testing rate limits for drug presence may differ by state and country, caution is warranted in

generalizing the results based on our Colorado sample to other US states and other countries.

Finally, although we have rich and detailed data about decedents, we do not have data on the

population at risk, which prevents us from calculating the risk of death. To overcome these

limitations, we echo the call of previous work using toxicological data that future research

must include more detailed contextual factors from a wider variety of settings.

Despite these limitations, our research has substantial strengths. We were able to control

statistically for social and toxicological factors that have been demonstrated to influence

drug prevalence among decedents. Even net of these controls, males and females have

different types of drugs present and associated with different manners of violent death.

Finally, our results from a two-step Heckman correction indicate that our findings are not

driven simply by selective testing. The rich data included in the NVDRS would also support

future research on the associations among social, demographic and economic factors and

deaths caused by violence. By exploring the interaction between the context and drug

presence at death, researchers and policymakers can illuminate further violent deaths and the

crucial role of alcohol and drugs.
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Figure 1.
Comparison of the presence of a drug and the manner of violent death, by gender of the

decedent, Colorado 2004–09: odds ratios and confidence intervals. Estimates derived from

Table 3. The values on the horizontal axis are odds ratios. All odds ratios are converted to

increased risk. As such, the comparisons in the top part of the figure show likelihood that the

death was from suicide versus a homicide, conditional on gender and the presence of a

particular drug; the estimates in the bottom part of the figure show the likelihood that the of

death was from homicide versus suicide. An odds ratio of 1.0 indicates no significant

association. Error bars denote 95% confidence intervals
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