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Abstract

In a previous study we administered the panicogenic agent sodium lactate to a select group of perpetrators of
domestic violence and comparison groups. Results of that study showed that perpetrators exhibited exaggerated
lactate-induced fear, panic and rage. In this current study, we compared the cerebral spinal fluid (CSF) concentra-
tions of 5-hydroxyindoleacetic acid (5-HIAA) and testosterone obtained from perpetrators of domestic violence and a
group of healthy comparison subjects. All subjects were assessed for DSM-III-R diagnoses. Perpetrators with alcohol
dependence (DV-ALC) (n =13), perpetrators without alcohol dependence (DV-NALC) (n=10) and healthy
comparison subjects (HCS) (n = 20) were clinically assessed using the Spielberger Trait Anxiety, Brown—Goodwin
Aggression Scale, Buss Durkee Hostility Inventory and Straus Conflict Tactics. Following an overnight fast and bed
rest, subjects received a lumbar puncture to obtain CSF concentrations of 5-HIAA and testosterone. Perpetrators
scored significantly higher on measures of aggression than HCS. DV-NALC had significantly lower concentrations of
CSF 5-HIAA and higher Straus Conflict Tactics (CT) physical violence scores than DV-ALC and HCS. DV-ALC had
significantly higher concentrations of CSF testosterone than DV-NALC. DV-ALC also had significantly higher Straus
CT physical violence scores than HCS. DV-NALC and DV-ALC differed on 5-HIAA concentrations, testosterone
concentrations, Straus CT physical violence scores and alcohol dependence. These results suggest that DV-NALC
and DV-ALC groups could have different biological mechanisms mediating domestic violence. © 2001 Elsevier
Science Ireland Ltd. All rights reserved.
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1. Introduction

Two nationally conducted surveys in 1975 and
1985, involving a representative sample of approx-
imately 6663 American families, found that 16%
of the men and women had been physically as-
saulted by their spouse or significant other in the
year prior to the survey (Straus and Gelles, 1986).
Fifty percent of the perpetrators were either binge
drinkers or consumed 3-5 drinks of alcohol per
day. Perpetrators with the highest chronic alcohol
consumption were the most likely to be violent
(Kantor and Straus, 1990).

In a previous study investigating the link
between fear and aggression in perpetrators of
domestic violence, we administered the panico-
genic agent sodium lactate to a select group of
perpetrators and comparison groups (George et
al., 2000). Results of the study showed that perpe-
trators exhibited exaggerated lactate-induced fear,
panic and rage; some perpetrators reported that
they experienced similar symptoms at the time of
domestic violence. Perpetrators also showed a
preponderance of DSM-III-R diagnoses of anxi-
ety /phobic disorders. These results led us to ex-
amine the biological mechanisms, which could
contribute to these exaggerated fear-related re-
sponses and ultimately to domestic violence.

One possibility is that perpetrators could have
a disturbance in serotonin (5-HT) metabolism.
Both human (Virkkunen et al., 1987, 1989a,b,
1994a; Roy et al., 1988; Limson et al., 1991) and
animal studies (Higley et al., 1992; Mehlman et
al.,, 1994; Doudet et al., 1995) have shown an
inverse relationship between the cerebrospinal
fluid (CSF) metabolite of 5-HT, 5-hydroxyin-
dolacetic acid (5-HIAA), and aggression. Admin-
istration of pharmacological agents that reduce
central 5-HT concentrations, either by depleting
tryptophan (Chamberlain et al., 1987; Cleare and
Bond, 1995; Moeller et al., 1996) or by blocking
5-HT synthesis (Katz and Thomas, 1976; Valzelli
et al., 1981), typically cause an increase in aggres-
sion. Conversely, administration of agents that
increase 5-HT, either by facilitating its release
(Cherek and Lane, 1999) or by blocking its re-up-
take (Fava et al.,, 1991; Salzman et al., 1995;
Coccaro and Kavoussi, 1997), generally cause a
decrease in aggression.

Studies in humans and animals show that 5-HT
modulates (Morrison and Foote, 1986) the struc-
tures and neuropathways that mediate fear-
related behaviors (Shaikh et al., 1987; LeDoux et
al., 1990; Shaikh and Siegel, 1994; Morgan and
LeDoux, 1995; Armony and LeDoux, 1997; Davis,
1997, 1998; LaBar et al., 1998; LeDoux, 1998;
Hashimoto et al., 1999; Siegel et al., 1999). For
example, 5-HT modulates the startle reflex (Davis
et al., 1980) as well as sensory input to the thala-
mus (Marks et al., 1987) and striatum (Reisine et
al., 1982) which serves to warn animals of envi-
ronmental dangers. Serotonin in the medial pre-
frontal cortex modulates freezing behavior associ-
ated with a conditioned fear stimulus (Inoue et
al., 1996; Hashimoto et al., 1999). Serotonergic
input to amygdala, the medial hypothalamus and
the periaquaductal grey (PAG) is involved with
the control as well as the expression of fear-asso-
ciated ‘fight’ or ‘flight’ behaviors (Spoont, 1992;
Shaikh et al., 1997; Viana et al., 1997; Stutzman
et al., 1998).

Another possible biological mechanism is that
perpetrators could have a disturbance in testos-
terone metabolism. Evidence for testosterone’s
possible role in modulating fear-related responses
and aggression is derived from both animal and
human studies. For example, animal studies show
that testosterone-dependent aggression occurs in
non-human mammals (Albert et al., 1993; Higley
et al., 1996). Evidence for testosterone’s role in
human physical aggression comes from studies
showing that some subgroups of violent subjects
have higher plasma (Ehrenkranz et al., 1974;
Mattsson et al., 1980), saliva (Soler et al., 2000)
and CSF testosterone (Virkkunen et al., 1994b)
concentrations than non-violent controls. Also, it
has been shown that adolescent males with high
plasma testosterone concentrations are more irri-
table and more likely to respond aggressively to
provocation and threats than subjects with lower
testosterone concentrations (Olweus et al., 1980,
1988). Finally, subjects receiving testosterone are
more likely to have an aggressive response to
perceived threats than subjects receiving placebo
(Pope and Katz, 1990; Su et al., 1993; Pope et al.,
2000).

How testosterone could facilitate these fear-
related responses and aggression is not known.
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One possibility is that testosterone modulates 5-
HT,, and 5-HT,, receptor activity, which has
been shown in animals to directly affect aggres-
sion as well as anxiety (Bonson and Winter, 1992;
Fink et al., 1999; Zhang et al., 1999). Evidence,
pertaining to fear-related responses, is based upon
the fact that androgen receptors are present in
the same brain regions (i.e. thalamus, frontal cor-
tex, amygdala, hypothalamus, etc.) involved with
the control and/or expression of fear-related re-
sponses (Clancy et al., 1994; Greco et al., 1996;
Finley and Kritzer, 1999; Murphy et al., 1999).

Since a large proportion of perpetrators of do-
mestic violence abuse alcohol, it is necessary to
consider what effect alcohol abuse could have on
testosterone and 5-HT concentrations. In chronic
alcoholics plasma testosterone concentrations may
be suppressed by ethanol (Ruusa et al., 1997) but
increase during abstinence. In a study of al-
coholics starting a treatment program, Irwin et al.
(1988) found that 17% had depressed levels of
testosterone, which increased to normal levels
during abstinence. For alcoholics with normal lev-
els of testosterone, there was no significant in-
crease in testosterone during abstinence. Sero-
tonin metabolism can also be affected by alcohol.
Animal studies show alcohol administration
causes the release of 5-HT in the brain (Griffiths
et al., 1974; Kaneyuki et al., 1991). In chronic
alcoholics, CSF 5-HIAA concentrations can be
elevated during withdrawal but decline during
abstinence (Ballenger et al., 1979; Borg et al.,
19853).

There are no animal models for domestic vio-
lence, but there are several animal models for
aggression (Albert et al., 1993). Albert et al. (1993)
discuss both anatomical as well as behavioral
evidence showing similarities between defensive
aggression in animals and aggression displayed by
humans. Defensive aggression occurs in response
to an actual or a perceived threat. Exaggerated
defensive aggression can result from lesions in
several brain regions (e.g. septum, medial hy-
pothalamus). Animals with these lesions are de-
scribed as hyperirritable or hyperreactive (Albert
and Walsh, 1982). Similarly, in various human
brain structures pathological lesions increase ag-

gression (Zeman and King, 1958; Reeves and
Plum, 1969; Tonkonogy and Geller, 1992). These
structures correspond to the same brain regions
which control defensive aggression in animals
(Shaikh et al., 1985, 1987; Siegel et al., 1999).

In this present study, we compared the CSF
5-HIAA and CSF testosterone concentrations in
perpetrators of domestic violence and healthy
comparison subjects. To control for the potential
effects of chronic alcohol consumption on domes-
tic violence perpetrators, we required that the
perpetrators be subdivided into separate groups
based on the DSM-III-R diagnosis of alcohol
dependence. Perpetrators with alcohol depen-
dence (DV-ALC) had to be abstinent from al-
cohol for at least 3 weeks prior to the study.

2. Methods
2.1. Subjects

The majority of the perpetrators were recruited
through newspaper advertisements entitled, ‘Do
You Ever Lose Control?” Healthy comparison
subjects were recruited from the community, the
clinical program of the National Institute on Al-
cohol Abuse and Alcoholism (NIAAA) and the
National Institutes of Health (NIH) volunteer
office. Participants underwent extensive clinical
and physical examinations to ensure that they
were in good health. Subjects with a history of
seizures, head trauma (defined as a period of
unconsciousness exceeding 1 h), or medical condi-
tions requiring chronic medications were ex-
cluded from participation. Subjects were required
to refrain from taking all medications for 3 weeks
prior to the study. All subjects had a negative
urine drug screen for illicit drugs. Prior to being
studied, subjects with a history of alcohol and /or
drug abuse were abstinent for > 25 days while
other subjects abstained from alcohol for at least
72 h. Abstinence was verified by careful question-
ing of the subject and interviews with spouse or
significant other, when available. Pertinent
laboratory tests (i.e. liver enzymes, breath alcohol
levels) were also obtained prior to the lumbar
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puncture (LP) to monitor patient compliance.
Subjects who could not remain abstinent (8 of the
13 DV-ALC) were admitted to our inpatient ward
and monitored for 3 weeks prior to the LP. Non-
alcoholic subjects were permitted small quantities
of alcohol up to 72 h prior to the LP.

Following the abstinence period, perpetrators
had an electroencephalogram and MRI of the
brain to rule-out central nervous system pathology
which could contribute to violent behavior. DSM-
ITII-R psychiatric diagnoses were derived using the
Structured Clinical Interview (SCID) (Spitzer et
al., 1992), which was administered by a social
worker with extensive training in interviewing.
Subjects with a DSM-III-R diagnosis of either
bipolar illness or schizophrenia were excluded.

Subjects were classified into three groups. The
first group consisted of 13 male perpetrators of
domestic violence who fulfilled DSM-III-R crite-
ria for alcohol dependence (DV-ALC); the perpe-
trators of domestic violence without a diagnosis
of alcohol dependence group (DV-NALC) con-
sisted of 10 male subjects. The healthy compar-
ison subjects (HCS) consisted of 20 male subjects
who had no history of alcohol abuse, alcohol
dependence, or interpersonal aggression and did
not fulfill criteria for any DSM-III-R Axis I diag-
nosis.

The DV-ALC had 11 subjects with anxiety/
phobic Axis I disorders. Eleven DV-ALC had
antisocial personality /borderline Axis II dis-
orders. The DV-NALC had eight subjects with
anxiety /phobic Axis I disorders and one subject
with intermittent explosive disorder. DV-NALC
also had one antisocial personality disorder and
four borderline personality Axis II disordered
subjects.

The perpetrator groups consisted of men from
a broad range of socio—economic backgrounds
ranging from executives to unemployed individu-
als. Only those subjects who had a history of
inflicting repeated acts of significant physical vio-
lence (e.g. hitting /punching, aggressive pushing/
shoving, choking, using a weapon) toward a sig-
nificant other were included. At least some of the
acts of domestic violence occurred when the per-
petrators were not under the influence of alcohol.

Subjects were assessed for age, socio—economic

status (Hollingshead Four-Factor Index of Social
Position) (Hollingshead and Redlich, 1958), anxi-
ety (Spielberger State and Trait Anxiety Inven-
tory) (Spielberger et al., 1970) and aggression
(Brown-Goodwin Lifetime Aggression Scale,
Brown et al., 1979; Buss-Durkee Hostility Inven-
tory, Buss and Durkee, 1957). (Some subjects left
the research unit before completing all demo-
graphic measures.) We also administered the
Straus Conflict Tactics (CT) instrument (Straus,
1979, 1990), consisting of 19 questions rating the
frequency of specific behaviors (e.g. insulting,
kicking and hitting their significant other, etc.) on
a scale of 0 (never) to 6 (everyday). Specific sub-
scores were derived from the Straus CT for rea-
soning (e.g. rational discussion to resolve conflict),
verbal aggression and physical violence.

The study was approved by the National Insti-
tute on Alcohol Abuse and Alcoholism Institutio-
nal Review Board. After a complete description
of the study to the subjects, written informed
consent was obtained. Twenty of the perpetrators
and thirteen of the HCS also participated in the
sodium lactate study (George et al., 2000). The
sodium lactate study and LP were performed on
separate days.

2.2. Cerebrospinal fluid collection and assay
procedures

Ten hours prior to the LP all subjects were on
overnight bedrest and received nothing by mouth
(NPO). The LPs were performed between 09:00
and 10:00. Subjects were in the left lateral decubi-
tus position. The first 12 ml of CSF were collected
in a single aliquot, thoroughly mixed, immediately
placed on wet ice and quickly stored in aliquots at
—80°C. 5-HIAA was quantified by gas chro-
matography—mass spectrometry using deuterated
internal standards (Polinsky et al., 1988) and re-
ported in pmol /ml. CSF testosterone levels were
obtained by using a radioimmunoassay procedure
(Rahe et al., 1990) and reported in ng/dl.

2.3. Statistical analysis

Group comparisons were performed with anal-
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yses of variance. Pairwise comparisons were per-
formed for variables for which ANOVAs were
significant. The level of significance was chosen to
be P = 0.05 for the two variables of primary inter-
est, CSF concentrations of 5-HIAA and testos-
terone, while P =0.01 was chosen for the 13
subject characterization variables in Table 1. For
each statistical test, the adequacy was determined
by examining normal probability plots of model
residuals, tests of homogeneity of variance and

Table 1
Subject characteristics (mean + standard deviation)

tests of equality of covariate slopes. All of the
statistical analyses in this study were performed
using the STATISTICA software package (Stat-
soft, 1994, 1999).

3. Results

There were no significant differences between

HCS DV-ALC DV-NALC ANOVA, P
Age (years) 39.8+9.1 347+ 6.4 393+7.7 F(,40)=1.7, P=0.196
n=20 n=13 n=10
Weight (kg) 80.9 +10.0 80.1 + 14.6 8534133 F(2,39) = 0.6, P =0.580
n=20 n=13 n=9
Height (cm) 176.8 + 8.2 176.1+ 7.5 1793+ 8.0 F(2,39)=0.5, P=0.625
n=20 n=13 n=9
Hollingshead Social Position Index 42+ 1.0 34409 41+1.5 F(2,40)=24, P=0.106
n=20 n=13 n=10
Spielberg Trait Anxiety™ 285483 442+ 7.4 419 +13.1 F(2,34)=10.7, P <0.001
(a,b) n=16 n=11 n=10
MAST* 1.0+15 433+ 15.9 3.6 +4.6 F(2,40) = 95.6, P < 0.001
(a,c) n=20 n=13 n=10
Run-ins with police™® 0.1+03 8.8 +£10.7 20420 F(2,38)=7.9, P=0.001
(a,b) n=18 n=13 n=10
Number of arrests™ 0.1+03 56+59 1.0+ 1.6 F(2,38) =10.4, P < 0.001
(a) n=18 n=13 n=10
Brown—Goodwin Aggression Scale* 53+41 240+ 8.7 143+ 6.5 F(2,37) = 32.5, P < 0.001
(a,b) n=19 n=12 n=9
Buss-Durkee Hostility Inventory™® 159+ 8.5 48.2 +15.3 43.74+9.9 F(2,34)=32.5, P <0.001
(a,b) n=16 n=12 n=9
Straus Conflict Tactics
Verbal reasoning score 66.7 + 35.1 50.0 +22.3 53.1+21.7 F(2,34)=13, P=0.275
n=16 n=12 n=9
Verbal aggression score™ 45458 45.6 +23.0 39.7 £ 12.7 F(2,35) =31.2, P < 0.001
(a,b) n=16 n=12 n=10
Violence score* 0.1+0.4 49424 126 +5.1 F(2,32) =572, P <0.001
(a,c,b) n=17 n=9 n=9

*Significant group effect at P <0.01. Pairwise comparison significant at P <0.01: a=HCS vs. DV-ALC; b=HCS vs.

DV-NALC; c = DV-ALC vs. DV-NALC.
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the groups for age, weight, height, or socio—eco-
nomic status. As expected, MAST scores were
higher in DV-ALC due to the diagnosis of al-
cohol dependence as a criterion for inclusion in
this group. Both perpetrator groups had signifi-
cantly higher Spielberger Trait Anxiety scores
than HCS. DV-ALC and DV-NALC scored sig-
nificantly higher than HCS on measures related
to aggression (e.g. Brown-Goodwin, Buss-Durkee
Hostility Inventory, Straus CT verbal aggression
and physical violence subscores). DV-NALC also
scored significantly higher than the DV-ALC on
the Straus CT physical violence subscale. DV-
ALC and DV-NALC had more run-ins with police
than HCS, and DV-ALC had significantly more
arrests than DV-NALC and HCS (Table 1).

There was a significant ANOVA for 5-HIAA
(Fa40)=3.5, P=0.041). Pairwise comparisons
were then performed (HCS vs. DV-NALC: F, 4,
=4.4, P=0.042; HCS vs. DV-ALC: F 44, =0.5,
P =0.477; DV-ALC vs. DV-NALC: Fj, 4, = 6.5,
P =0.015) (Fig. ). DV-NALC [65.9 + 18.2 (S.D.)]
were significantly lower in 5-HIAA than DV-ALC
(100.2 + 37.7) or HCS (92.0 + 33.5). DV-ALC and
HCS were not significantly different.

There was a significant ANOVA for testos-
terone (F 49, =7.9, P =0.001). Pairwise compar-

130

isons were then performed (HCS vs. DV-NALC
F.40)=0.05, P=0.824; HCS vs. DV-ALC F, 4,
=13.1, P=0.001; DV-ALC vs. DV-NALC F, 4,
=10.7, P =0.002) (Fig. 2). DV-ALC (0.25 + 0.05)
were significantly higher in testosterone concen-
trations than DV-NALC (0.19 +0.04) or HCS
(0.19 + 0.05). DV-NALC and HCS were not sig-
nificantly different.

In order to examine the contribution of anxiety
to the above results, we repeated the analyses
with Spielberger Trait Anxiety scores as a covari-
ate. The test of the covariate regression coeffi-
cient is not significant for testosterone (B =
—0.16, t33,= —091, P=0.37) or for 5-HIAA
(B=0.19, t33,=1.13, P=0.27). Therefore, the
initial results are unlikely to be due to anxiety.
Within the DV-ALC and DV-NALC groups, we
examined the relationship of testosterone and
5-HIAA with the Brown—-Goodwin Aggression
Scale, Buss-Durkee Hostility Inventory and Straus
CT physical violence subscales. None of the cor-
relations were significant at the P = 0.05 level.

4. Discussion

We performed lumbar punctures in healthy
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control subjects and a select group of perpetra-
tors of domestic violence, with and without a
diagnosis of alcoholism, who had been shown in a
previous study to have an exaggerated fear /rage
response to the panicogenic agent sodium lactate.
In this study we performed group comparisons of
CSF 5-HIAA concentrations, CSF testosterone
concentrations and measures of aggression. Our
present results show that both DV-NALC and
DV-ALC group had significantly higher measures
of aggression than HCS. DV-NALC had signifi-
cantly higher Straus CT physical violence scores
than DV-ALC. However, only the DV-NALC
group had significantly lower concentrations of
CSF 5-HIAA and only the DV-ALC group had
significantly higher CSF testosterone concentra-
tions.

The DV-ALC group had similar CSF 5-HIAA
concentrations to those found in HCS. This result
is consistent with the study by Lidberg et al.
(1985), who reported that patients convicted of
homicide with alcoholism had CSF 5-HIAA con-
centrations similar to those in HCS. Also, similar
results were obtained in the intermittent explo-
sive disordered subgroup of the violent alcoholics

in Virkkunen et al. (1994b). The higher testos-
terone concentration in the DV-ALC group, rela-
tive to those found in HCS, is consistent with
similar findings in the antisocial personality dis-
ordered violent alcoholics studied by Virkkunen
et al. (1994b).

The DV-NALC group had similar CSF testos-
terone concentrations to those found in HCS.
There are no CSF testosterone studies on non-
alcoholics with which we can compare our result.
Our finding of lower CSF 5-HIAA concentrations
in the DV-NALC group, relative to the DV-ALC
group, is consistent with Lidberg et al. (1985),
showing that violent men without alcoholism had
lower 5-HIAA concentrations compared with vio-
lent men with alcoholism.

As discussed earlier, abstinence in alcoholics
can increase testosterone concentrations to nor-
mal levels. However, the DV-ALC group had
significantly higher concentrations than the HCS.
Therefore, alcohol withdrawal is an unlikely ex-
planation for the significantly higher testosterone
concentrations relative to HCS. Also, as discussed
earlier, 5-HIAA levels in alcoholics decrease dur-
ing abstinence. Ballenger et al. (1979) showed
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that alcoholics after 1 month of abstinence had
subnormal concentrations of 5-HIAA. Therefore,
alcohol abstinence again is an unlikely explana-
tion for the equal concentrations of 5-HIAA in
the DV-ALC and the HCS groups since the DV-
ALC subjects have been abstinent for approxi-
mately a month.

In this article, we explored the role of 5-HT
and testosterone in perpetrators of domestic vio-
lence who have been previously studied and shown
to have fear-induced aggression. We have shown
or discussed the following: (1) the HCS and DV-
NALC groups differ on 5-HIAA concentrations
and Straus CT physical violence scores; (2) the
HCS and DV-ALC groups differ on testosterone
concentrations, alcohol dependence and Straus
CT physical violence scores; (3) the DV-NALC
and DV-ALC groups differ on 5-HIAA concen-
trations, testosterone concentrations, Straus CT
physical violence scores and alcohol dependence;
(4) alcohol abstinence is not a likely explanation
for the DV-NALC and DV-ALC groups’ differ-
ences in 5-HIAA and testosterone concentra-
tions; (5) 5-HIAA and testosterone concentra-
tions can influence fear-related responses; (6)
5-HIAA and testosterone concentrations are re-
lated to aggression; and (7) fear-related responses
and aggression are present during acts of domes-
tic violence. The results from this study, in combi-
nation with the results from previous animal stud-
ies, suggest that both low 5-HT and high testos-
terone concentrations can modulate sensory sti-
muli that serve to activate the neuropathways
which mediate fear-induced aggression. These
changes predispose perpetrators to overreact to
actual as well as perceived threats. Further re-
search, involving a larger subject population, is
required to replicate our findings and to de-
termine the mechanism whereby 5-HT and testos-
terone concentrations differ in perpetrators with
and without alcoholism.
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