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ABSTRACT

Objective: Homicide-suicide is an extremely heterogeneous
and rare form of lethal violence. In an effort to capture this
heterogeneity to enhance research and prevention efforts,
typologies have been developed from literature reviews or
geographically limited samples. The purpose of the present
study was to develop the first empirically derived typology
of homicide-suicide decedents, using a large, geographically
diverse sample.

Methods: Data were used from the Centers for Disease
Control and Prevention’s National Violent Death Reporting
System from 2003 to 2015 across 27 states. Homicide-suicide
decedents were included if they were > 18 years of age,

they were the only victim and suspect involved, they had a
known relationship with the victim(s), and the circumstances
surrounding the event were known. There were 2,447
decedents that met study criteria. Unsupervised machine
learning was used to classify decedents by precipitating
circumstances and victim types.

Results: Eight homicide-suicide subtypes were identified
and cross-validated in a holdout sample. Three subtypes
consisted of only intimate partner victims, 3 subtypes had

a single victim type (children, extrafamilial, other family),
and there were 2 multivictim subtypes: one that could be
identified as familicide and the other in which there was
indiscriminate killing, which often included an intimate
partner. Subtypes were distinguishable by demographic and
other characteristics (median area under the curve=0.77).
Relationship problems precipitated 60%-92% of homicide-
suicides across subtypes, while mental health problems were
recognized as a precipitant in 7%-72% of decedents across
subtypes.

Conclusions: The findings expand upon and validate
previously proposed homicide-suicide typologies. While
relationship problems are common precipitants across
homicide-suicide subtypes, known mental health problems
vary across subtypes.
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Homicide—suicide is a devastating incident in which an
individual takes the life of 1 or several persons and then
dies by suicide. Although these events account for 1,000-1,500
deaths in the United States annually!—far fewer than homicide- or
suicide-only deaths—they receive widespread attention from the
media, have a lasting impact on communities,” and can perpetuate
ill-informed perceptions of violence and mental illness.>* Given
the difficulty in collecting detailed information on decedents, and
the rarity of homicide-suicide, empirical research is limited* to
small, geographically restricted samples. Little progress has been
made in understanding this phenomenon.’

Homicide-suicide is markedly heterogeneous, as victim(s)
and precipitants/motives vary substantially from case to case
(eg, “act of mercy” with chronic/debilitating illness vs homicide
of a spouse threatening separation/divorce). Understanding
heterogeneity in homicide-suicide is critical in efforts for
targeted prevention. Several typologies have been proposed
to capture this heterogeneity®~'° and focus on the decedent’s
relationship to the victim(s) and the precipitant stressor, while
one focuses on the underlying motivation for the incident.'® Most
typologies’~® extend the work by Marzuk et al,® who identified 5
primary subtypes: “amorous jealousy” (intimate partner victim,
triggered by breakdown of a romantic relationship), “declining
health” (intimate partner victim or the decedent in poor health),
“filicide-suicide” (child victim), “familicide-suicide” (members
of family), and “extrafamilial” (individuals who are not intimate
partners or family members). Cases do not always fit into existing
typologies,” perhaps due to the fact that they have been derived
from anecdotal evidence or subjective examination of patterns
in data limited by geographical region and/or sample size.
Development of typologies empirically from large datasets has
been recommended as best practice!"'? but has not been applied
to homicide-suicide.

The purpose of this study was to overcome some limitations of
previous efforts by (1) characterizing homicide-suicide decedents
with a large-scale database more nationally representative than
previous studies and (2) developing and characterizing the first
empirically derived typology for homicide-suicide decedents in
the United States, using unsupervised machine learning.

METHODS

Data Source and Case Selection

The present study used data from the Centers for Disease
Control and Prevention (CDC) National Violent Death
Reporting System (NVDRS) Restricted Access Database (RAD),
a state-based surveillance system that collects details on violent
deaths across the US. All data sources in the NVDRS are linked
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Clinical Points

B Homicide-suicide is a rare, heterogeneous form of lethal
violence, but no studies to date have attempted to
develop an empirical classification system to model this
heterogeneity.

B We found 8 replicable subtypes of homicide-suicide; risk for
each specific subtype of homicide-suicide is associated with
specific demographic and clinical characteristics.

by incident, which permits identification of homicide-
suicides. This study used NVDRS data from 2003 to 2015,
which included 27 states. Information regarding the states
and when they started contributing data can be found in
Supplementary Appendix 1. Data were coded based on a
standardized manual and entered by trained abstractors,
based on information about precipitants/motives collected
through death certificates and law enforcement and/or
medical examiner/coroner reports.!>!* Homicide-suicide
decedents were identified if they were marked as “both
victim and suspect” by abstractors and as being a homicide-
suicide case per the “HomiSui” variable, defined as an
incident in which homicide(s) occurred within 24 hours of
a suicide.’> Cases were included if (a) they were>18 years
of age, (b) they were the only victim and suspect involved,
(¢) they had a known relationship with the victim(s), and (d)
there was a known precipitant/motive.

This study was considered exempt from institutional
review board approval as all cases were unidentifiable
decedents. The RAD was obtained from the CDC following
their approval of the study.

Variables

All variables measured for the present study were coded
as dichotomous (0 =absent or unknown, 1= present).

Demographic and other characteristics. Demographic
characteristics included gender, race, age group, marital
status, and military service. Other characteristics included
current or past mental health treatment, suicide attempt
history, and suicide-related characteristics (disclosed
intent, presence of note, location of death, if alcohol use was
suspected, and firearm vs other method).

Motives/precipitants and characteristics. These included
mental health problems (either current mental health
problem or perceived depressed mood around the time
of the incident), alcohol and/or substance use problems,
physical health problems (terminal disease or debilitating
condition, coded as present in this study if it was present for
the homicide-suicide decedent or for the victim), criminal/
civil/legal problems, work/financial problems, relationship
problems (coded as present for intimate partner problems,
family relationship problems, or other relationship
problems), and recent intimate partner violence. The latter
variable was the only variable in the NVDRS that could
appropriately assess history of violence, as other markers of
violence are automatically coded as present for decedents.

Victim-decedent relationships. This was defined using
the classification system by Logan and colleagues.'® Victims
were considered an intimate partner if they were a spouse,
former spouse, girlfriend or boyfriend, or former girlfriend
or boyfriend. Victims were classified as “children” if they were
the child/stepchild/foster child of the decedent and as “other
family” if the victim had some other familial relationship
(ie, parents, siblings, grandparents or grandchildren,
in-laws, stepparents, children or parents of the decedent’s
intimate partner, foster parent, or other family member).
Finally, victims were “extrafamilial” if they were not related
in any capacity to the decedent (ie, acquaintances, friends,
roommates or schoolmates, strangers).

Data Analysis

Frequencies and proportions were calculated to
characterize the sample. Empirically derived subtypes of
homicide-suicide decedents were determined via mixture
models, a form of unsupervised machine learning that
identifies homogeneous subgroups. This approach was
chosen over other clustering techniques because it relies
on person-based probabilities instead of distance or ad
hoc procedures to create classes'! and because it has been
shown to outperform other techniques in recovering the
true number of classes.!” Mixture models detect similar
groups of individuals based on patterns of characteristics.
For binary data, this type of mixture model is known
as latent class analysis (LCA).!® A series of 1 to 10 class
solutions was estimated via Mplus version 8.1 with robust
maximum likelihood.!” The final number of classes was
based on statistical fit indices, how well classes were
separate from one another, and solution interpretability.'®
Details on statistical fit indices used are in Supplementary
Appendix 2. Split-sample cross-validation was used. Models
were calibrated/trained on 70% of decedents (selected
randomly), and the candidate solution was tested on the
remaining 30% decedents (validation sample). A likelihood
ratio test (LRT) was used in the validation sample, where
a freely estimated k-class model was compared to a model
forced to use the parameter estimates derived from the
calibration/training sample (using the same number of k
classes). A nonsignificant LRT (defined as P>.05) indicates
that parameter estimates from the calibration sample do not
significantly differ from the validation sample and that the
candidate model is supported.'® Because the LRT is sensitive
to negligible misfit,'® Kendall's W was also used to estimate
concordance between the calibration sample and the (freely
estimated) validation sample.

Consistent with prior typologies, the LCA included
motives/precipitants (current mental health problem or
depressed mood, alcohol/substance problems, physical
health problems of the victim or decedent, criminal/civil legal
problems, job/financial problems, relationship problems,
intimate partner violence), victim types (intimate partner,
child, other family members, extrafamilial), and number
of victims (single vs multiple). Information regarding how
solutions were evaluated is included in Supplementary
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Appendix 2. Onee an optimal solution was identified and
supported in the validation sample, observations were
classified into their most likely class membership based on
their modal posterior probability.

External validation of subtypes. Lasso logistic
regressions®” with 10-fold cross-validation and synthetic
samples?!?> were employed to identify salient features
and characteristics of subtypes. Features/characteristics
included gender, age, race/ethnicity, marital status, veteran
status, disclosure of suicide intent, presence of suicide
note, suicide at residence, suspected alcohol use, suicide by
firearm, suicide attempt history, and past/current mental
health treatment. A one-vs-rest method was used, where
one subtype was compared to all other subtypes on the
aforementioned demographic and other characteristics.
Further details can be found in Supplementary Appendix 3.

Analyses with the exception of the LCA were conducted
in Stata v16.0% and R.>4%°

RESULTS

General Characteristics

From 2003 to 2015, 2,572 homicide-suicide cases were
recorded in the NVDRS; 2,447 (95.1%) met study criteria.
Table 1 shows sample characteristics. Consistent with
prior research, nearly all decedents were male and used a
firearm,%192%27 and most incidents involved an intimate
partner.® Approximately 90% of homicide-suicides consisted
of 1 victim. Nearly two-thirds of decedents were Caucasian,
the plurality were widowed/separated/divorced, and nearly
half were 30-49 years of age. Only 12% disclosed intent to
others, and 12% had a history of mental health treatment.
Nearly 85% were experiencing or motivated by relationship
problems, while less than 25% were identified as having a
mental health problem around the time of the event. Nearly
25% had criminal/civil legal problems. Approximately
20% had recently perpetrated violence against an intimate
partner.

Model Selection

Table 2 shows results of the LCA. Nearly all statistical
indices favored the k+ 1 solution. An examination of elbow
plots?® indicated 4, 5, 6, or 8 classes were candidate solutions.
The 8-class solution was most interpretable and chosen as the
final solution. This solution was supported in the validation
sample (x%93=109.72, P=.307), and concordance between
the calibration and freely estimated validation sample was
high (Kendall's W=0.92). This solution was therefore applied
to the full sample. Classes were well separated/classified
(entropy =0.90, average posterior probabilities>0.78%).
Conditional response probabilities for the total sample are
in Table 3; a decision tree to classify homicide-suicides is
shown in Figure 1.

Validation of Subtypes
Class characteristics can be found in Table 4. Median
cross-validated area under the curve from lassos was 0.77

Empirical Typology of Homicide-Suicide

Table 1. Characteristics of Homicide-Suicide Decedents

Characteristic n % 95% Cl
Demographic
Male gender 2,276 93.0 91.9-94.0
Race
White 1,577 64.4 62.5-66.3
African-American 494 20.2 18.6-21.8
Hispanic 227 9.3 8.2-10.5
Other 149 6.1 5.2-7.1
Age
18-29y 403 16.5 15.1-18.0
30-39y 531 21.7 20.1-234
40-49y 609 249 23.2-26.6
50-59y 432 17.7 16.2-19.2
60-69y 238 9.7 8.6-11.0
70y and older 234 9.6 8.5-10.8
Marital status
Married 791 323 30.5-34.2
Never married/single 624 25.5 23.8-27.3
Widowed/divorced/separated 990 40.5 38.5-42.4
Served in US military 478 19.5 18.0-21.2
Other characteristics
Disclosed suicide intent 287 1.7 10.5-13.1
Suicide note 450 18.4 17.0-20.0
Location of death at residence 1,509 61.7 59.7-63.6
Alcohol use suspected 495 20.2 18.7-21.9
Used firearm 2,186 89.3 88.0-90.5
History of suicide attempt 72 29 23-37
History of mental health treatment 288 11.8 10.6-13.1
Current mental health treatment 223 9.1 8.0-10.3
Variables used for latent class analysis
Motives/precipitants
Mental health 547 224 20.7-24.0
Alcohol/substance 311 12.7 11.4-14.1
Physical health 196 8.0 7.0-9.2
Criminal/civil 571 233 21.7-25.1
Job/financial 261 10.7 9.5-12.0
Relationship strain 2,042 834 81.9-84.9
Intimate partner violence 465 19.0 17.5-20.6
Victim type
Intimate partner victim 1,822 74.5 72.7-76.1
Other family victim 205 8.4 7.3-9.5
Child victim 233 9.5 8.4-10.7
Extrafamilial victim 336 13.7 12.4-15.2
Multiple victims 257 10.5 9.3-11.8

(range, 0.68-0.91), suggesting that demographic and other
characteristics distinguish individual homicide-suicide
classes from the others reasonably well (see Supplementary
Table 1). Interpretation of subtypes is provided in the
following paragraphs in descending order (largest to
smallest). Salient characteristics via lassos are mentioned;
model coefficients are in Supplementary Table 1.

Homicide-Suicide Types

Intimate partner—relational (54%-58%). Nearly all
decedents had relationship problems. This group had
one of the highest rates of relationship strain and lowest
prevalence of a known mental health problem/depressed
mood. They were more likely to have a recent history of
intimate partner violence. There was a higher proportion of
African Americans in this group. Decedents were more likely
to be widowed/divorced/separated and 50-59 years old, less
likely to disclose intent/leave a note, and unlikely to have a
history of mental health treatment. “Jealousy” was noted in
10% of these cases.
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Table 2. Fit Indices of Latent Class Solutions on Calibration Sample (N=1,713)

Classes LL #FP AIC BIC SABIC  Entropy LMR BLRT

1 -838350 12 1671099 1677635 16,738.22

2 -7,597.09 25 15244.18 1538033 1530091 091  1477.55%%* 1,492.81%*
3 ~7/407.16 38 1489032 15097.26 1497654 096 375.98%H%  379.87%kx
4 -7,23266 51 1456732 1484507 1468305  1.00 345.43%F%  348,99%+
5 ~7,14270 64 1441339 1476194 1455862  0.99 178.09%#%  179.93%#*
6 -7,09216 77 1443831 1475766 1451304  0.84 99.90%*  100.94%*
7 ~7,06126 90 1430252 1479266 1450674 090 61164  61.80%%*
8 -702722 103 1426043 1482137 1449415 090 611644  61.80%**
9 ~7,001.04 116 1423407 1486581 1449729 091 51.827 52.36%%
10 -6,984.65 129 142273  14929.84 1452002 091 321088 3247k
#P< 01,

#¥5P < 001,

Abbreviations: AIC=Akaike information criterion, BIC=Bayesian information criterion, BLRT=bootstrap
likelihood ratio test, #FP =number of free parameters, LL=1log-likelihood, LMR =Lo-Mendell-Rubin
adjusted likelihood ratio test, SABIC =sample-size adjusted BIC.

Table 3. Conditional Response Probabilities of Homicide-Suicide Latent Class Characteristics

(Full Sample)

Latent class groups®

Class 1 Class 2 Class3  Class4 Class5 Class6  Class7 Class 8
Characteristic (n=134) (n=277) (n=145) (n=96) (n=179) (n=89) (n=160) (n=1,367)
Prevalence 5% 1% 6% 4% 7% 4% 7% 56%
Motive/precipitant
Mental health 0.42 0.22 0.38 0.24 0.72° 0.23 0.35 0.07
Alcohol/substance 0.08 0.14 0.00 0.07 0.38° 0.19 0.21 0.08
Physical health 0.08 0.02 0.90b¢ 0.04 0.11 0.04 0.08 0.00
Criminal/civil 0.33 0.37° 0.11 0.24 0.28 0.29 0.19 0.20
Job/financial 0.17 0.10 0.13 0.19 0.35P 0.07 0.07 0.05
Relationship strain 0.70¢ 0.59¢ 0.64 0.86°  0.92°¢  0.86° 0.74¢ 0.925¢
Intimate partner violence 0.06 0.09 0.14 0.08 0.26° 0.19 0.03 0.25
Victim type
Intimate partner 0.00 0.00 1.00° 0.55 1.00° 0.89 0.00 1.000
Child 1.00° 0.00 0.00 1.00°  0.00 0.04 0.00 0.00
Other family 0.00 0.00 0.00 0.10 0.00 0.40 1.00P 0.00
Extrafamilial 0.00 1.00° 0.00 0.02 0.00 0.64 0.00 0.00
Multiple 0.12 0.14 0.00 1.00P 0.00 1.00 0.14 0.00

Class 1: filicide type, class 2: extrafamilial type, class 3: intimate partner—physical health type, class 4: familicide type,
class 5: intimate partner—distress type, class 6: indiscriminate/rage type, class 7: other family type, class 8: intimate

partner—relational type.
PHighest conditional response probability between classes.

“Highest within-class conditional response probability for motive.

Extrafamilial (10%-13%). Victims were acquaintances/
strangers only. This class had the highest rate of criminal/
civil legal problems and lowest prevalence of relationship
problems. Some of these cases consisted of incidents in which
a homicide suspect was pulled over by law enforcement/
when they were approached for an arrest, and around 20%
were incidents in which an individual killed a current/former
partner of their romantic interest. They were more likely to
be male, Caucasian, unmarried, and 18-29 years old; to have
served in the military; to use firearms; and to die outside
their residence. They were less likely to disclose intent. While
more likely to have a history of mental health treatment, they
were less likely to receive it before the incident.

Intimate partner—distress (6%-8%). These decedents
were characterized by other stressors in addition to
relationship problems, including mental health, job/financial,
alcohol/substances, and criminal/civil legal problems. They
were more likely to be male, Caucasian, and in their forties;
to have a history of mental health treatment; to disclose

intent; to die in their residence; and to be suspected of having
used alcohol at the time of the incident.

Other family (6%-8%). These decedents had a higher
prevalence of a known mental health problem/depressed
mood and/or an alcohol/substance problem. They were
more likely to be Caucasian, in their forties, and single/never
married; to have a history of mental health treatment; and
to use a firearm.

Intimate partner—physical health (5%-7%). These cases
occurred in the context of physical health problems (either
the decedent or the victim—exclusively an intimate partner).
They were more likely to have a mental health problem/
depressed mood and less likely to have a relationship
problem. They were more likely to be male, Caucasian, over
50 years old, and married; to leave a note; and to die in their
residence.

Filicide (5%-6%). In these cases, decedents only killed
their child(ren). They were more likely to have a mental
health problem and/or depressed mood and have criminal/
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Figure 1. Decision Tree to Classify Homicide-Suicides®

| Is there only 1 victim type? |

No Yes

What is the victim’s
relationship to the suspect?

No familial relation Child Intimate Other family
Extrafamilial Type Filicide Type partner Other Family Type
Are the victims Was the incident primarily driven
only family members? by physical health problems?
No Yes No Yes
I Was the incident
Indiscriminate/ Familicide influenced by life stressors? Physical
Rage Type Type | Health Type
1
No Yes
Relational Distress
Type Type

2Bolded text indicates homicide-suicide class.

Table 4. Descriptive Characteristics (Percentages) From Latent Classes of Homicide-Suicide Decedents

Latent class groups?
Class 1 Class 2 Class3  Class4 Class5 Class6  Class7 Class 8

Characteristic (n=134) (n=277) (n=145) (n=96) (n=179) (n=89) (n=160) (n=1,367) X7 P
Demographic
Male gender 59.0 97.1 95.2 88.5 94.4 96.6 92.5 95.3 263.16 <.001
Race
White 70.9 64.6 89.7 64.6 754 59.6 75.0 58.7 80.18 <.001
African-American 14.2 20.2 2.8 18.8 11.2 214 11.9 24.8 64.47 <.001
Hispanic 8.2 9.0 2.8 104 10.6 11.2 5.6 10.2 12.83 092
Other 6.7 6.1 48 6.3 2.8 7.9 75 6.3 5.05 .654
Age
18-29y 11.9 30.3 14 6.3 1.7 20.2 26.3 15.7 87.56 <.001
30-39y 35.1 21.7 4.8 27.1 19.0 20.2 18.1 22.7 4290 <.001
40-49y 27.6 19.1 55 40.6 33.0 29.2 23.8 255 5481 <.001
50-59y 14.2 17.0 11.7 14.6 17.3 18.0 18.8 18.9 6.88 441
60-69y 6.0 8.7 20.0 73 12.3 6.7 8.8 9.4 23.21 .002
70y and older 5.2 33 56.6 4.2 6.7 5.6 4.4 7.9 401.75 <.001
Marital status
Married 433 22.7 524 53.1 374 23.6 26.3 30.2 7544 <.001
Never married/single 17.2 49.1 5.5 9.4 184 24.7 51.3 22.8 195.72  <.001
Widowed/divorced/separated 388 25.6 414 375 43.6 483 22.5 449 61.53 <.001
Served in US military 14.9 22.7 435 14.6 21.2 225 1.3 17.7 68.60 <.001
Other characteristics
Disclosed suicide intent 15.7 11.6 15.9 12.5 26.3 11.2 1.3 9.1 50.35 <.001
Suicide note 33.6 123 47.6 240 24.0 10.1 15.0 14.9 13234 <.001
Location of death at residence 76.1 30.3 89.7 77.1 69.3 449 65.0 62.3 200.51 <.001
Alcohol use suspected 14.2 18.8 9.0 20.8 30.2 214 244 20.4 27.58 <.001
Used firearm 784 94.2 91.0 82.3 88.3 92.1 93.1 89.3 32,70 <.001
History of suicide attempt 4.5 4.0 2.8 2.1 10.1 23 3.8 17 4223 <.001
History of mental health treatment 20.9 11.9 12.4 14.6 44.7 18.0 21.9 4.7 28356 <.001
Current mental health treatment 18.7 7.2 103 12.5 34.1 11.2 16.3 3.6 206.54 <.001

Class 1: filicide type, class 2: extrafamilial type, class 3: intimate partner—physical health type, class 4: familicide type, class 5: intimate partner—
distress type, class 6: indiscriminate/rage type, class 7: other family type, class 8: intimate partner—relational type.
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civil legal problems, perhaps indicative of custody disputes:
Decedents were more likely to be female, Caucasian, in their
thirties, and married. They were more likely to leave a note,
die in their residence, and use means other than a firearm.
Approximately 10% of these cases among female decedents
included an infant victim, perhaps indicative of postpartum
disorders.

Familicide (3%-5%). In this subtype, there were always
multiple victims, and a child was always among them.
Approximately half included an intimate partner, 10%
consisted of other family members, and extrafamilial victims
were loosely related in a familial capacity (eg, former in-law).
This incident was more likely to occur in the context of job/
financial problems. They were more likely to be male, 30-49
years old, and married and to have died in their residence.

Indiscriminate/rage (3%-4%). This subtype involves
multiple victims and almost always an intimate partner.
These cases included love triangles (30% of these cases),
circumstances in which the victim was a current/former
intimate partner and there was a friend or bystander at the
scene, and fits of rage. Decedents were more likely to be male
and widowed/divorced/separated and to have a history of
mental health treatment. They were less likely to have left a
note or to die in their residence.

DISCUSSION

This study used a large, geographically diverse database to
develop the first empirically derived typology of homicide-
suicides in the United States. Unsupervised learning
identified 8 subtypes that were predicted by demographic and
other characteristics. These subtypes support components of
proposed typologies,® as there was evidence for subtypes
of intimate partner (relational or physical health), filicide,
extrafamilial, and familicide homicide-suicides. It also
identified additional primary subtypes as well (“intimate
partner— distress,” “indiscriminate rage,” “other family”).

This study highlights aspects of homicide-suicide and its
subtypes that may serve as points for prevention. First, red
flag laws may be helpful in reducing firearm deaths®* and
may be promising in the reduction of homicide-suicides,
as over 80% of cases were precipitated by interpersonal
problems. Such laws may be prudent with recent domestic
violence, given its modest prevalence in some types of
homicide-suicide, as well as in cases of (perceived) infidelity,
or when a former romantic partner has a new partner. Safe
storage practices may reduce suicides®! and are particularly
relevant to homicide-suicide, as firearms were used in
nearly all of these incidents. Additionally, although the
aim of this study was not to identify which individuals will
engage in homicide-suicide, it does point toward clinical/
demographic profiles that are associated with specific types
of homicide-suicide.

This study contributes foundational information
important to understanding homicide-suicide. By
elucidating an empirical classification of the patterns of
demographic, contextual, and behavioral dimensions that

characterize subtypes of homicide-suicide, these results
can inform future efforts to better understand this complex
phenomenon. An example of one promising dimension is
to explore how psychopathology contributes to homicide-
suicide. This investigation observed significant variability
in the prevalence of known mental health problems
among homicide-suicide subtypes, which may account
for the considerable heterogeneity in prevalence estimates
of psychopathology in homicide-suicide overall.*? It has
been argued that all homicide-suicides are driven by
psychopathology,'? as virtually all suicide decedents have
some form of psychopathology.>** Appreciation for the
types of psychopathology among homicide-suicide subtypes
may allow for a nuanced understanding of which individuals
may engage in this type of act. Furthermore, given that
many homicide-suicide decedents have unrecognized
psychopathology, this also raises the possibility that
recently proposed diagnoses, such as acute suicidal
affective disturbance**—characterized by a time-limited
drastic increase in suicidal intent, social/self-alienation,
hopelessness, and overarousal—may facilitate efforts at early
detection and intervention with individuals at elevated risk.

This study has several limitations. Information coded by
abstractors was based on law enforcement and/or medical
examiner reports, and not reports from trained mental
health professionals; some characteristics may be coded
as “absent/unknown” when in fact the characteristic (eg,
psychiatric) was present. Furthermore, it is unclear which
informants were used to obtain information on the decedent
and how well these informants were able to provide pertinent
information. This is a common shortcoming in homicide-
suicide studies, however, as optimal informants (eg, intimate
partners) tend to be one of the victims. Psychological autopsy
studies are therefore a promising next step in understanding
homicide-suicide,”>® as are studies that focus on survivors
of attempted homicide-suicide.” Although our study used a
more nationally representative sample of homicide-suicide
in the US than previous studies, not all states contributed
data to the NVDRS, nor did all states contribute data for
each year examined. It is also unknown how these subtypes
generalize to other countries. The NVDRS uses strict
criteria for homicide-suicide in which the suicide must have
occurred within 24 hours of the homicide. It is unclear how
subtypes may translate with different definitions. Although
this study focused on known precipitants/motives, it is
possible that there are other drivers of homicide-suicide
that are unknown in the literature or were not addressed
adequately in the NVDRS that may affect machine learning
solutions (eg, personality characteristics). Replication of the
subtypes will be of particular importance in future research,
as some of the class sizes were relatively small.

There are multiple strengths to this study. To our
knowledge, this is the largest study of homicide-suicide to
date. The sample used is more diverse geographically than
prior attempts to develop homicide-suicide typologies.
Given that most identified subtypes were similar to those
proposed by others, this validates prior typologies and
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provides supportthat the empirical model was correctly
specified. Subtypes were replicated in a holdout sample.
Additionally, because this study used data from a wide array
of states within the United States, the subtypes identified
can serve as a model that may generalize to homicide-
suicide in the United States as a whole. As implementation
of the NVDRS continues to expand across all states, future

Empirical Typology of Homicide-Suicide

efforts should focus on replicating these findings and, if
possible, link psychological autopsy data to the NVDRS.!
In summary, the present study represents the first known
effort to use empirical data to derive an empirical typology
of homicide-suicide in the United States and is therefore
an important step in further understanding this rare and
catastrophic phenomenon.
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Supplemental Materials
Methods
Appendix 1. States contributing data to the NVDRS. Seven states began
contributing data in 2003 (Alaska, Maryland, Massachusetts, New Jersey, Oregon,
South Carolina, Virginia), five in 2004 (Colorado, Georgia, North Carolina, Oklahoma,
Rhode Island), three began in 2005 (Kentucky, New Mexico, Utah), one each in 2006,
2011, and 2014 (Wisconsin, Ohio, and Michigan, respectively), and nine began
contributing data in 2015 (Arizona, Connecticut, Hawaii, Kansas, Maine, Minnesota,
New Hampshire, New York, and Vermont).
Data Analysis
Appendix 2. Determination of final latent class solution. For all latent class models,
100 random starts were used to avoid local solutions, and 50 were optimized. For each
latent class solution k, statistical model fit was assessed by approximate fit indices and
likelihood ratio tests. Approximate fit indices for consideration included the Bayesian
Information Criterion (BIC), Sample-size Adjusted Bayesian Information Criterion
(SABIC), and Akaike Information Criterion (AIC), where lower values indicate improved
fit over the k — 1 class solution (e.g., a three- vs. two-class solution); likelihood ratio
tests included the adjusted Lo-Mendell-Rubin (LMR) and bootstrap likelihood ratio test
(BLRT), where significant p-values indicate model fit that is superior to the k — 1 class
solution. As each model was estimated, the entropy index was used to assess the
overall clarity of classification of homicide-suicide suspects into classes. Values > .80
indicate “good” classification’. The Average Posterior Probability (AvePP) was also

used to estimate how well a model classifies observations into their most likely class,



where values > .70 indicate well-separated classes®. Model solutions were then
evaluated based on theoretical and conceptual meaningfulness, by an examination of
qualitative differences among the latent classes’ conditional response probabilities — on
all characteristics specified in the LCA®.

Appendix 3. Predicting homicide-suicide group membership. To examine whether
demographic and other characteristics distinguish specific homicide-suicide classes
from all other classes, a series of least absolute shrinkage and selection operator
(lasso) logistic regressions were used. This approach was chosen to identify the most
salient features of each homicide-suicide class. In short, the lasso is a machine learning
model that aims to identify relevant covariates of an outcome in a manner that reduces
overfitting, thus enhancing generalizability to external samples. It is preferable to
traditional stepwise regression models, as it addresses issues of multicollinearity and
prevents overfitting through a penalization parameter (1) that shrinks coefficients
towards zero, thereby leaving the “best” predictors in a model*. The optimal 1 for each
model was obtained via 10-fold cross-validation. For models where there was significant
class imbalance (e.g., a given class represented < 30% of the sample), the Synthetic
Minority Oversampling TEchnique (SMOTE®) was used via the DMwR package® in R’
Models were then refitted using the optimal A to evaluate variable importance, as well as
model fit as measured by the Area Under the Curve (AUC). Due to relatively small

sample sizes from the resulting latent classes, we elected to use a bias-corrected and

! Severe class imbalance can bias models to favor the majority class. Unlike traditional oversampling
methods, which essentially duplicates observations in the minority class to achieve balanced classes,
SMOTE creates new (non-duplicate) minority cases using the k-nearest neighbors of the pre-existing
minority cases, and simultaneously under-samples from the majority class. SMOTE is considered the “de
facto” standard for imbalanced datasets®.



accelerated bootstrap with 5,000 replications of the data to characterize model

uncertainty, rather than using a holdout sample®.
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Supplementary Table 1

Lasso coefficients predicting group membership

Latent class groups®

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8
Characteristic (n=134) (n=277) (n = 145) (n=96) (n=179) (n=89) (n=160) (n=1,367)
Demographic
Male Gender -1.02 .16 .18 15 13 A7 -- .23
Race
White .18 .21 .24 -- - - .22 -.23
African-American -.02 -.20 -.19 - -.18 - -.26 .16
Hispanic -- -.16 -.14 -- -- -- -.21 --
Other - -- -- -- -.18 - - --
Age
18-29 -- .16 -.14 -- -- -- -- --
30-39 12 -- -- 41 - - -.08 -.01
40-49 -- -.04 -- .52 .31 -- 14 --
50-59 -- .05 .26 -- -- -- -- .03
60-69 -.18 .08 .79 -- 13 - - -.09
70 and Older -.40 -.30 1.53 -.18 -- -- -.14 -.18
Marital Status
Married .22 -.49 .18 .37 - -.15 - -.15
Never Married/Single -.18 -- -- -.31 -.05 -- .50 -.36
Widowed/Divorced/Separated -- -.57 -- -- -- .26 -.23 A1
Served in U.S. Military .05 .20 -- -.14 - - -.19 -.10
Other Characteristics
Disclosed Suicide Intent .05 -.16 .04 - .24 - - -17
Suicide Note .26 -.28 40 .09 - -.39 -12 -.14
Location of Death at Residence 27 =77 .58 42 19 -.38 - .07
Alcohol use suspected -.25 -.21 -.18 -- 13 -- .03 -.02
Used firearm -.10 14 -- -.09 - - .22 -.02
History of suicide attempt -- .05 -- -- .01 -- -- -.08
History of mental health treatment -- .34 -- -- .90 .20 .18 -1.07
Current mental health treatment -.02 -.34 -- -- -- -- -- -.41
Area Under the Curve (95% CI)° .81(.79,.83) .80(.78,.82) .91(.90,.92) .75(.73,.77) .78(.76,.80) .68 (.66,.70) .73 (.71,.75) .76(.74,.78)

Note. Coefficients can be interpreted in the same manner as regular regression coefficients, where positive values indicate presence of the characteristic is associated with a greater
likelihood of being in the latent class, and negative values indicate presence of the characteristic is associated with a lower likelihood of being in the latent class. ®Class 1: Filicide
Type, Class 2: Extrafamilial Type, Class 3: IP-Physical Health Type, Class 4: Familicide Type, Class 5: IP-Distress Type, Class 6: Indiscriminate/Rage Type, Class 7: Other Family

Type, Class 8: IP-Relational Type. ®Area Under the Curve estimates derived from 5,000 bias-corrected and accelerated bootstrapped replications.
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