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Abstract

Aim: This paper aims to better understand the relationship between homicide and other public health
outcomes, by studying their trends over time.

Subject and Methods: Research in both criminology and public health has long identified that crime and
violence tend to cluster together with adverse phenomena in the social and the health domain. However, such work
has relied primarily on cross-sectional analyses. Here, we instead study trends over time. We take data from the
Netherlands, between 2000 and 2020, and ask whether homicide shows similar trends over time as other public
health phenomena — such as smoking behaviour, alcohol use, child mortality, adolescent pregnancies and suicide.

Results: We observe, first, that all of the phenomena — with the exception of suicide — declined over the
period under study. We then employ a time series analysis to examine whether these trends arise independently, or
whether they are the result of structural similarities between phenomena. Results showed that the decline in
homicide rates is linked to a similar decline in adolescent pregnancies — the rates of these phenomena “move
together” during the period under study.

Conclusion: This work shows that the phenomenon of homicide shares structural similarities with teenage
pregnancies — a decline in one is linked to a similar decline in the other. More generally, the current work furthers

our understanding of the place of homicide in the domain of (public) health.

Key words: Time series analysis; Homicide; Teenage pregnancy; Alcohol use; Suicide
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Introduction

Research in both criminology and public health has long shown that crime and violence tend to cluster
together with adverse phenomena in the social and the health domain. Where levels of crime and violence are high,
other adverse outcomes also tend to be more prevalent. This basic observation that different adverse outcomes have
a tendency to “cluster together” has been observed in many different forms. It has been observed in the lives of
individuals (Gottfredson and Hirschi 1990), at the level of communities (Wilson 1987), and counties (Ousey 2017).
It has been observed in the form of crime and delinquency in general (van Nieuwenhuijzen et al. 2009), and in terms
of violence and homicide more specifically [identifying reference redacted]. It has been observed in Europe
[identifying reference redacted], in the United States (Ousey 2017), in South America (Murray et al 2013) and in
South Africa (Gilbert 1996), as well as cross-nationally (Pickett et al 2005).

In this paper, we aim to extend our understanding of the overlap between criminal violence (specifically
homicide) and adverse outcomes in the social and health domain. Past literature on this topic has focused primarily
on cross-sectional relationships (for an exception see Mark and Torrats-Espinosa 2022). We instead study time
trends of homicide and other adverse health phenomena. We are interested in the extent to which homicide trends
“moves together” over time with trends in adverse phenomena outside the realm of crime. Specifically, based on
previous literature, we compare rates of homicide to suicide (Unnithan et al. 1994), child mortality (Ousey 2017),
adolescent pregnancy (Pickett et al. 2005), smoking behaviour (van Nieuwenhuijzen et al. 2009), and alcohol use
(Ritter and Stompe 2013).

The benefit of studying time trends include - first — the fact that they offer a different perspective than
cross-sectional analyses. Employing varied methods allows for a fuller understanding of the phenomena we are
interested in. Second, specifically in the domain of adverse health outcomes and violence, time trends have perhaps
more relevance than in other domains. Public health and violence are priority areas for policy, and areas of concern
for the general public. As such, researchers and policy makers are particularly attuned to questions of whether these
phenomena are increasing or decreasing over time, and if so, how these trends can be understood. For instance, in
the criminological literature, much has been written about the decline in rates of homicide over recent decades, and
how such evidence should be interpreted (Eisner 2003; Aebi and Linde 2014; Suonpéa et al. 2022). Important for the
current work is the fact that the criminological literature has also made use of formalised models to test and interpret
these crime trends, by the use of time series models (Liu 2006; Cook and Cook 2011). Time series models are highly
formalised, and allow us to formally separate random fluctuations in the data, from structural effects — thereby
facilitating more robust interpretation. Here, we apply a time series model to better understand how trends in
homicide overlap with trends in adverse health outcomes like suicide, child mortality, adolescent pregnancy,
smoking behaviour, and alcohol use.

The Current Study

We take data from the Netherlands, between 2000 and 2020, to examine the relationships between the
trends in homicide, and other adverse health outcomes in the social and health domains. We employ a time series
analysis, specifically a co-integration test (Liu 2006). Time series analysis differentiates three main types of

relationships between different trends. First, trends may converge (become more similar) over time. Second, trends
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may diverge (become less similar) over time. Third, trends may be in equilibrium, or “co-integrated”. Co-integration
reflects a scenario where two trends move together over time, in other words, the difference between the trends is
stable over time. For the purposes of the current study, then, we are interested in whether the different trends show
evidence of co-integration.

We consider relationships between homicide and various adverse health outcomes, specifically adolescent
pregnancies, alcohol use and smoking behaviour, as well as child mortality and suicide. In European literature the
relationship between homicide and child mortality tends to be less pronounced than it is in the U.S. (Chen et al.
2016; identifying reference redacted). Still, we include child mortality for the purposes of clearer comparisons with
U.S. work. Similar reasoning applies for suicide. While there is good reason to consider homicide and suicide as
conceptually related (Unnithan et al. 1994), the empirical relationships between homicide and suicide tend to be less
straightforward. For example, previous research has shown that homicide and suicide do not cluster together at the
macro-level (identifying reference redacted). Similarly, at the individual-level of analysis, recent work has shown
that there is limited overlap between aggressive behaviour towards others, and self-harm behaviours (Shafti et al.
2022). In sum, previous work has generated limited evidence for an empirical relationship between homicide and
suicide (identifying reference redacted; Shafti et al. 2022), but we include it for the sake of completeness.

Based on these considerations, then, we hypothesise that there will be evidence for co-integration between
rates of homicide and rates of (H1a) adolescent pregnancies, (H1b) heavy smoking, (H1c) heavy alcohol use, but not
(H1d) child mortality, or (H1e) suicide. Co-integration between the trends suggests that the different phenomena
have a shared component, and are responding to similar external influences.

Method
Time frame

In this work, we focus on a period of 21 years, from 2000 to 2020. For the purposes of time series analysis
this is relatively short (but see Liu 2006). Data availability played a role in our choice for this timeframe. In more
recent timeframes, more extensive and better quality data are available. To counter-balance this issue we chose to
apply a relatively conservative test, which reduces the risk of false-positives and over-interpretation. The details of
the test are given in the section Analytical Procedure below.

Variables and Corresponding Data Sources

The data consists of population-level incidence data in aggregate form. For each of the indicators of central
interest (outlined in detail below) we calculate rates per 100.000 of the population. The majority of the data is taken
from Statistics Netherlands (Centraal Bureau voor Statistiek) — who offer an open data portal. The homicide data
was taken from the Dutch Homicide Monitor (details below). Below, we describe each of the variables in turn.

Homicide. We obtained the homicide data for the period under study from the Dutch Homicide Monitor
(DHM). The DHM draws on police sources triangulated with archival searches, to identify homicide incidents
across the Netherlands from 1992 onwards. We extracted aggregate data showing the total number of people who
were the victim of homicide in a given year between 2000 and 2020. We then calculate rates of homicide per

100.000 of the population in each year.
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Suicide. We used suicide mortality per 100.000 of the population. These data were taken from Statistics
Netherlands - reflecting individuals for whom the registered cause of death was suicide, in a given year. As before,
we used general population statistics to calculate the suicide rate per 100.000.

Child Mortality. Child mortality data was taken from Statistics Netherlands - reflecting all children who
died at 5 years or younger in a given year. From this total we exclude child deaths as a result of homicide to prevent
double counting of these cases.

Heavy smoking. Data on the prevalence of (heavy) smoking was taken from Statistics Netherlands. Heavy
smokers are those individuals who smoke at least 20 cigarettes a day. Unlike the suicide, homicide and adolescent
pregnancies variables, the smoking variable is an estimate rather than an observation. Health surveys are distributed
each year to a representative sample of the population, and those observations are then extrapolated to the whole
population. We extracted the estimates of heavy smokers in the population, and then, as before, we used general
population statistics to calculate the rate of heavy smokers per 100.000 of the population.

Heavy alcohol use. Data on the prevalence of (heavy) alcohol use, was also taken from Statistics
Netherlands. Like the smoking variable, rates of heavy alcohol use are based on estimates rather than observations.
There is one further aspect of this variable that requires elaboration. As for smoking, the cut-off for what is
considered “heavy” alcohol use is based on government guidelines. Up to 2011, the guideline is the same for
everyone, after that it was revised downward by half for women — accordingly this creates a jump in heavy alcohol
use in 2012 among women. That is, for women, we applied a correction to ensure comparability over the whole time
frame. Details on the correction we applied are available in the Appendix.

Adolescent pregnancies. The variable reflecting the rate of adolescent pregnancies was composed of 2
indicators, namely 1) births to adolescent women, and 2) abortions among adolescent women, in a given year. Data
on births to adolescent mothers were accessed from Statistics Netherlands, reflecting the total number of births to
mothers under 20 years of age. Data on abortions amongst adolescents were extracted from the yearly report of the

Health Inspectorate, the organisation that regulates national health care (https:/toezichtdocumenten.igj.nl). For each

year, these two variables were summed to create an index of adolescent pregnancies (ending in either birth or
abortion).
Analytical procedure

As noted above, we apply a co-integration test to examine whether the trends in the different phenomena
share structural similarities. Our analytical procedure followed Liu (2006), and is composed of two stages. First, we
create differences scores for each pair of phenomena. To create the difference scores, we first log the rates of the
individual phenomena so that the different rates of the phenomena are transformed to more comparable scales. We
then create difference indices between each pair of adverse outcomes, by subtracting one from the other. In the
second stage, we apply the unit root test, or Augmented Dickey Fuller test. A full description of unit root processes
is beyond the scope of this paper (for further information see Patterson, 2010) — the key issue is that the alternative
hypothesis of the test is that the difference score is stationary, and does not change over time. Those interested in the

model specifications can refer to the Appendix.



TIME-SERIES ANALY SIS OF HOMICIDE TRENDS 6

We use R to apply the test (https://www.r-project.org) using the function boot_sqt in the package boot.ur
(Smeekes and Wilms 2020). The function boot_sqt automatically sets the lag length to the minimum length required
to eliminate auto-correlation from each series’ residuals. The advantage of this function over other similar functions
offered in R is that allows testing multiple time series at once, and corrects for the inflated type error I associated
with multiple testing. Here we test for the co-integration between six phenomena, generating 15 tests in total (see
Table 1 below). The multiple testing correction we apply results in a fairly conservative test. We consider this
appropriate for the current study given the fact that we could include only a relatively short timeframe. As outlined
above, including fewer observations makes for a less robust analysis, which we counterbalance in part by applying a
more conservative procedure at the testing stage.

Results
Descriptive analysis.
The trends in the individual phenomena are represented visually in Figure 1. In general, all phenomena decline
over time, and in 2020 reach roughly 50% of their 2000 rates. The exception to this is suicide - which in 2020 has
increased a little compared to 2000. More specifically, we see that suicide first declines along with the other
phenomena, but from 2007 onwards starts to rise again, while the other phenomena continue to decline.

In sum, for each of the individual phenomena (aside from suicide) there is evidence for a decline over time.

We now examine whether these declines arise independently of one another or as a result of structural similarities.



TIME-SERIES ANALYSIS OF HOMICIDE TRENDS 7

Figure 1.

Trends in rates of homicide, suicide, child mortality, heavy smoking, heavy alcohol use, and adolescent pregnancies between 2000 and 2020.
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NB - the line for homicide is a little more erratic than those of the other phenomena, as the absolute numbers on which these trends are based are lower —

relatively small fluctuations in the absolute number of homicides can represent quite a strong change in rates (e.g. 2006; 2017).
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Co-integration.
The results of the unit root tests are shown in Table 1. There was evidence of co-integration between trends in
homicide and adolescent pregnancies, #(24) = -5.40, p = .003. That is, hypothesis Hla was supported: between the
years 2000 and 2020, the decline in the homicide rate is linked to the decline in the rate of adolescent pregnancies.
There was no evidence for co-integration of homicide trends with trends in alcohol use, smoking behaviour, child
mortality, or suicide. The hypotheses for child mortality (H1d) and suicide (H1e) had postulated the absence of co-
integration, and as such, these hypotheses are also supported.

Having established the evidence for co-integration between homicide and each of the other phenomena, we
now turn to the relationships amongst the other phenomena, disregarding homicide for a moment. The lower half of
Table 1 provides an overview of the findings. As can be seen in the table — there was some evidence for co-

integration between adolescent pregnancies and heavy alcohol use, but this evidence was not strong enough to lead

to a rejection of the null hypothesis when correcting for multiple testing.

Table 1.

Results of the unit root tests.

Trends compared Estimate t-value p-value Required lags Reject null H
Homicide vs Suicide -0.16 -1.31 0.579 0 FALSE
Homicide vs Child mortality -0.67 -1.46 0.523 3 FALSE
Homicide vs Heavy Smoking -0.39 -1.61 0.407 1 FALSE
Homicide vs Heavy Alcohol use -0.85 -1.80 0.373 2 FALSE
Homicide vs Adolescent pregnancies -1.22 -5.40 0.003 0 TRUE
Suicide vs Child Mortality -0.06 -0.85 0.731 0 FALSE
Suicide vs Heavy Smoking 0.03 -0.53 0.829 0 FALSE
Suicide vs Heavy Alc use 0.03 -0.36 0.882 0 FALSE
Suicide vs Adolescent pregnancies -0.08 -1.30 0.431 4 FALSE
Child Mortality vs Heavy Alc use -0.24 -0.98 0.687 1 FALSE
Child Mortality vs Heavy Smoking -0.25 -1.10 0.697 1 FALSE
Child Mortality vs Adolescent pregnancies -0.37 -1.84 0.243 1 FALSE
Heavy Smoking vs Heavy Alc use -0.41 -2.37 0.157 0 FALSE
Heavy Smoking vs Adolescent pregnancies -0.29 -2.21 0.143 0 FALSE
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Heavy Alcohol use vs Adolescent pregnancies -0.71 -3.60 0.018 0 FALSE

Discussion

In this project we examine how trends in homicide overlap with trends in adverse health outcomes like
suicide, child mortality, adolescent pregnancy, smoking behaviour, and alcohol use. Visual inspection of the trends
(in Figure 1) showed that all these phenomena — with the exception of suicide - now occur less frequently than
before, by 2020 they had declined to about 50% of their 2000 rate. More importantly, results of the co-integration
test indicate that the trend in homicide rates was co-integrated with the trend in adolescent pregnancies — that is,
rates of homicide and adolescent pregnancy “move together” over time, indicating that there are structural
similarities between the homicide trend and the trend in adolescent pregnancies.

When interpreting this finding, we might consider lifestyle theories (Hindelang et al 1978). Aebi and Linde
(2014) describe homicide trends across 15 European countries between 1960 and 2010 and suggest that trends in
homicide rates reflect lifestyle changes in the population. Applying this perspective to the current findings we might
consider lifestyle changes that have occurred since 2000 that may similarly affect homicide and adolescent
pregnancies, but not the other phenomena under study. The rise of social media and the internet seems to be an
obvious candidate, which may have reduced time spent in live interpersonal interaction (e.g. Winstone et al. 2021),
thereby reducing specifically those phenomena that require a physical interpersonal component (pregnancy;
homicide) but not the non-interpersonal outcomes (suicide; heavy alcohol use; heavy smoking; child mortality). In
this way, the current findings can help us “disentangle” clusters of adverse health outcomes in such a way that
possible explanatory mechanisms come into clearer focus.

Contributions & Limitations

The limitations associated with this study include several methodological issues surrounding data
availability and quality. First, rates of homicide and child mortality are quite low. This affects the stability of the
trends over time — time trends based on low counts can sometimes behave erratically as small fluctuations in the
number of observations represent large percentage differences. Further, as discussed above, we study a relatively
short timeframe of 21 years. As such, these findings certainly do not represent the final word on this topic.

Instead we suggest the contribution of this work lies in two key points: First, in unpacking clusters of
adverse health outcomes in a way that offers insight into the societal factors that contribute to these clusters. Second,
in applying a formalised test to the patterns observed. Note that many of the phenomena seemed to show similar
time trends upon visual inspection (in Figure 1). However, the more formal analysis forces us to temper that
assessment. The trends observed there seem to arise (relatively) independently of one another, even if they look
similar. Finally, this work has relevant implications for policy. By showing that empirical findings in criminology
and public health may implicate similar factors, we stand a better chance of creating effective social policies, and
thereby contribute to a safer and healthier society.

Conclusion. Homicide rates in Western Europe have declined in recent years (Suonpéa et al. 2022).

Interestingly, a similar decline is evident in a number of other adverse health phenomena, such as child mortality,
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adolescent pregnancies, smoking behaviour and heavy alcohol use. Here, we analysed whether these similar trends
arise independently, or whether there is evidence for structural similarities between them. Results indicated
similarities between rates of homicide and adolescent pregnancies in particular — the rates of these phenomena
“move together” during the period under study, suggesting that these two phenomena are responding similarly to a
changing societal landscape. This work, then, furthers our understanding of the place of homicide in the domain of
(public) health. Moreover, this work has implications for policy. By showing that empirical findings in criminology

and public health may implicate similar factors, we stand a better chance of creating effective social policy.
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