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■ Abstract Objective Outward-directed violence and
impulsivity in humans and primates has frequently been
related to abnormal brain monoaminergic turnover.
Self-rated aggression is likely to be clinically relevant,and
its psychobiological basis needs investigation. Subjects
Sixty-six patients (40 women and 26 men) with persistent
depressive disorder (PDD) were compared with 497
control subjects from the general Swedish population.
Methods We administered the Aggression Questionnaire
– Revised Swedish Version (AQ-RSV) to patients and
control subjects. In patients, CSF 5-hydroxyindoleacetic
acid (5-HIAA) and 3-methoxy-5-hydroxyphenylglycol
(MHPG) in CSF were analyzed. Total Aggression score
and Aggression subfactors ‘Physical Aggression’,‘Verbal
Aggression’,‘Anger’, and ‘Hostility’ were correlated with
CSF concentrations of 5-hydroxyindoleacetic acid (5-
HIAA),and 3-methoxy-5-hydroxyphenylglycol (MHPG).
Results Overall, Hostility was positively related to CSF
MHPG (t = 2.27, p = 0.015). Split by sex, Hostility was re-
lated with 5-HIAA in males (r = 0.62,p = 0.003),and with
MHPG in females (r = 0.38, p = 0.03). Comparing self-
rated aggression with age- and sex-matched data from
the general Swedish population, the most prominent de-
viation was increased Hostility score among PDD pa-
tients.Among patients, all aggression factors were nom-
inally higher in women than in men, with the most

pronounced sex difference in Hostility (t = –1.89,
p = 0.04). Conclusions Results suggest a clinically mean-
ingful sex difference in a positive relationship between
hostility and serotonergic/noradrenergic turnover in
PDD patients.

■ Key words aggression · hostility · persistent
depressive disorder · monoaminergic turnover · sex

Introduction

The role of aggression in depressive disorders has been
studied since the beginning of the last century, first in
terms of inner-directed hostility in a psychodynamic
context (Freud 1953) and then from a biological per-
spective (Coccaro et al. 1989). The most consistent re-
ports of biochemical variables in depressed and suicidal
patients concern decreased levels of the serotonin
metabolite 5-hydroxyindoleacetic acid (5-HIAA) in
cerebrospinal fluid (CSF) (Åsberg et al. 1976; Träskman
et al. 1981). The findings have been replicated in violent
offenders, and healthy individuals with aggression (Lin-
noila et al. 1983; Virkkunen et al. 1990; Golden et al.
1991). A presumed link between reduced serotonergic
function and aggression has been suggested to covary
with features of suicidal behavior (Coccaro et al. 1989),
but a recent study has shown reduced CSF concentra-
tions of 5-HIAA also in aggressive patients with DSM-
IV Axis I psychiatric disorders (APA 1994a) but no his-
tory of suicidal behavior (Stanley et al. 2000).

Extensive studies of the influence of genetic and en-
vironmental factors on the relationship between low
CNS serotonergic activity and aggression in nonhuman
primates have shown that a low CSF 5-HIAA concentra-
tion as quantified early in life is a powerful biological
predictor of future excessive aggression, risk taking, and
premature death (Higley et al. 1996, 1997). Studies of ag-
gression in animal models indicate that not only the
indoleamine serotonin and its metabolite but also cate-
cholamines are involved in several types of aggressive
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behavior, including self-directed aggression (Eichelman
1989). In humans, however, the possible significance of
any monoamine for aggression and self-directed violent
behavior is less evident, since social, cultural, and psy-
chological factors are intricately involved in the physiol-
ogy and neurochemistry of human behavior (Åsberg,
1994).Their close interplay tends to complicate attempts
to measure, analyze, and assess human aggression.

The growing research interest in neurobiological
mechanisms behind human aggression has created a de-
mand for reliable and relevant measures of aggressive
behavior. A number of psychiatric rating instruments
have been developed to define and distinguish between
types of aggression. Commonly used in psychiatric
practice and research are observer scales, which are of-
ten criticized for overlooking all but the most blatant
acts of aggression (Yudofsky et al. 1986), and self-report
scales or questionnaires.

Originally, self-rating instruments have been devel-
oped to assess “level of aggressiveness”, and have been
found to be more suitable for measurement of hostile at-
titudes, anger and aggressive impulses than observer
scales. Thus, psychometric instruments as Hostility
Scale (Cook et al. 1954), Buss-Durkee Hostility Inven-
tory (BDHI) (Buss et al. 1957) and Hostility and Direc-
tion of Hostility Questionnaire (HDHQ) (Caine et al.
1967), differing between outward and inward aggres-
sion, have been found advantageous for aggression
studying in both healthy individuals and patients suf-
fering from psychiatric or somatic disorders. By means
of careful item selection, the self-report technique may
allow for a balanced representation of spectacular and
subtle aggressive behaviors, but the subjectivity and so-
cial desirability bias inherent in the method are obvious
shortcomings (Bech et al. 1995). Since the 1960’s, the
most commonly used aggression questionnaire has
been the Buss-Durkee Hostility Inventory (BDHI) (Buss
et al. 1957) from which the Aggression Questionnaire
(AQ) was developed after exploratory factor analysis
(Buss et al.1992).This instrument for assessment of self-
rated aggression has been evaluated in Canada (Harris
1995), the Netherlands (Meesters et al. 1996), and Swe-
den (Prochazka et al. 2001).

The role of sex in aggression has been studied in the
contexts of psychological, evolutionary, forensic and bi-
ological perspectives. Maccoby and Jacklin (1980) pre-
sented a meta-analysis of 32 observational studies of
peer-directed aggression in children aged 6 and
younger. Twenty-four studies reflected significant
higher male aggression,and eight showed no differences
in aggression between boys and girls. No study showed
higher female aggression. Another view on sex aggres-
sion characteristics is presented in the forensic psychi-
atric context. Based on analysis of court records of 158
homicides over a 6-year-period, Jurik and Winn (1990)
found considerable support for the “gender role” model.
Compared to men, women are more prone to kill an in-
timate partner,most often in situations where the victim
initiated the physical aggression.

The biological differences in aggression between
sexes have been studied mostly in terms of sex steroid
levels, with testosterone as most important hormone in
androgen-induced aggression. Another neurochemical
factor of relevance to sex and aggression is the
monoaminergic system, but little is known about sex
differences in the relationships between monoaminer-
gic turnover and aggressive phenomena.

The present study was designed
� To investigate relationships between self-rated ag-

gression and its subfactors on the one hand and, on
the other, monoaminergic turnover as reflected by
the CSF concentrations of the monoamine metabo-
lites 5-HIAA, and 3-methoxy-4-hydroxy-phenylgly-
col (MHPG) in patients with persistent depressive
disorder (PDD) (for lack of clear pre-hoc hypotheses,
we did not focus on the dopamine metabolite ho-
movanillic acid (HVA) in this study);

� To compare the self-rated aggression measured by
the AQ-RSV in patients with PDD with self-rated ag-
gression in the general Swedish population; and

� To analyze these relationships in a sex perspective.

Methods

■ Patients 

Included in this study were 66 patients (40 women and 26 men, aged
19–82, mean ± SD: 44.5±12.9), referred by psychiatrists to a diagnos-
tic research unit for affective disorders at Sahlgrenska University
Hospital in Mölndal, Sweden, between September 1996 and Decem-
ber 1999 for a 5-day inpatient investigation period. All patients met
the DSM-IV criteria for major depression, which in all cases had per-
sisted for 2 years or longer. All had tried at least two antidepressant
drug regimes at adequate doses and therapy periods. None had an
Axis II diagnosis. All patients had discontinued antidepressant med-
ication for a minimum of 2 weeks before admission: 16 patients for
more than 4 weeks and 50 patients for 2–4 weeks before the study.

Medical history, diagnostic data on personality traits and psychi-
atric disorders were obtained from medical files and personal inter-
views. Patients were assessed by means of the Karolinska Scales of
Personality (KSP) (Schalling et al. 1993) and the Schedule for Affec-
tive Disorders and Schizophrenia (SADS) (Endicott et al. 1978). SADS
items were converted into scores for the Hamilton Depression Rating
Scale (HDRS) according to Endicott and coworkers (Endicott et al.
1981).

No significant sex difference was found in age, body mass index
(BMI), or severity of symptoms during the most difficult week of a
current or recent depressive episode (HRDS “worst week” [WW]) or
during the week before investigation (HRDS “past week” [PW]), or in
confirmed history of suicide attempts. The mean HDRS scores were
23.7±5 for the HRDS WW and 18.4±5.9 for the HRDS PW in the en-
tire study population. Thirty-nine percent (26 of 66 patients) dis-
played melancholic features (Table 1).

■ Assessment of self-rated aggression 

Self-rated experiences of aggression were assessed by means of the
AQ instrument (Buss et al. 1992) translated, adapted, and evaluated in
the general Swedish population. As described in a previous study
(Prochazka et al. 2001), the revised Swedish version of the AQ (AQ-
RSV) was mailed to 800 individuals, 20–40 years old, randomly se-
lected from the Swedish population register. The questionnaire was
completed by 497 persons (64 % of 781 ascertained recipients), 268
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women and 229 men. The 29 items of the questionnaire are randomly
arranged and measure four aggression factors: Hostility (8 items),
Anger (7 items),Verbal Aggression (5 items), and Physical Aggression
(9 items). The originally 5-point Likert item-standard of the Ameri-
can AQ was reduced to 4 scale steps (1 = “least characteristic”,
2 = “some characteristic”, 3 = “more characteristic”, 4 = “most char-
acteristic”), which had negligible effect on the correlation analyses
between the Swedish and American data. The 4-point scale is also ad-
vantageous in that neutral answers are avoided. The internal consis-
tency of the four aggression subscales and the total score was evalu-
ated by Cronbach’s alpha coefficients.All the alpha coefficients for the
AQ-RSV indicated considerable internal consistency, and were com-
parable with AQ (Prochazka et al. 2001).

The scale results in the present study were evaluated in two ways:
as raw scores, and compared to the corresponding values in randomly
selected individuals from the general Swedish population, the possi-
ble influence of the different ages between patients and the popula-
tion being covaried out (aggression decreases with age). Each pa-
tient’s aggression score was compared with normative aggression
score, i. e. age- and sex-specific regression value, statistically deter-
mined to 1 (Prochazka et al. 2001). Table 2 shows the scores in the
Swedish population as well as in the patients.

■ Standardized CSF collection

No patient displayed signs of increased intracranial pressure as
checked by ophthalmoscopy. Lumbar punctures were made at about
9 a. m. in the L3/L4 or L4/L5 interspace of the vertebral column with
the patient lying on her/his side in bed after resting and fasting since
midnight.A 12 ml sample of CSF was drawn with a 0.7 or 0.9 mm nee-
dle, gently mixed, immediately put on ice, and delivered to the neuro-
chemistry laboratory within one hour.

■ Analysis of monoamine metabolites

The monoamine metabolites 5-HIAA and MHPG were routinely an-
alyzed by means of high-performance liquid chromatography
(HPLC) with electrochemical detection (Blennow et al. 1993). All
monoamine metabolite concentrations were within normal reference
limits.

■ Statistical analyses

Descriptive statistics was assessed with SPSS Release 10.1 for MS Win-
dows (Norusis 1990). The predictive power of sex and monoamine
metabolites on self-rated aggression was tested by means of analyses
of covariance (ANCOVAs) using the SAS StatView package. Further-
more, we calculated the partial correlations between CSF monoamine
metabolites and aggression measures, controlling for effects of sex,
age, BMI, categorized time variable of length of drug-free period be-
fore investigation, melancholic features, and history of suicide at-
tempts. The same analyses were also made separately in men and
women. The third part of the statistical analysis of self-rated aggres-
sion was a comparison between the Swedish normal population and
the PDD study population by sex, using t tests for independent sam-
ples.

Results

■ Self-rated aggression and monoaminergic turnover
in male and female PDD patients 

To analyze relationships between biological and aggres-
sion variables, the age- and sex-matched normative ag-
gression data were used. Table 3 shows the results from
comparing aggression subfactors measured by AQ-RSV
with CSF variables 5-HIAA and MHPG. Study of the
partial regression coefficients of 5-HIAA and MHPG
when predicting a subfactor (and influence of sex thus
partialed out) demonstrates a significant positive rela-
tionship between MHPG and Hostility, and a weaker 
one at trend probability with 5-HIAA. The effects re-
mained after also partialling out age, BMI, categorized
time variable of length of drug-free period before study
start, melancholic features, and history of suicide at-
tempts.

Fig. 1 illustrates the regressions between the studied
CSF metabolites and the Hostility subfactor. A distinct

Variables All patients Females Males Sex difference
(n = 66) (n = 40) (n = 26) p value (t test)
(mean ± SD) (mean ± SD) (mean ± SD)

Age (years) 44.5±12.9 44.8±12.6 44.1±13.5 NS

Weight (kg) 74.1±15.6 68.2±13.1 83.1±15.1 p < 0.001

Height (m) 1.73±9.8 1.67±0.05 1.82±0.08 p < 0.001

BMI (kg/m2) 24.5±4.0 24.1±3.7 25.0±4.4 NS

HDRS “worst week” 23.7±5.0 24.4±4.9 22.5±5.2 NS

HDRS “past week” 18.4±5.9 18.7±6.2 18.0±5.6 NS

Table 1 Characteristics in men and women with
persistent depressive disorder (PDD)

General Swedish Population PDD Patients
(Means±SD) (Means±SD)

All Male Female All Male Female
N = 497 N = 229 N = 268 N = 66 N = 20 N = 46

Total Aggression 53.5±11.6 55.2±12.3 51.9±10.7 59.1±11.7 59.9±11.0 58.6±12.3

Physical Aggression 14.8±4.9 16.5±5.3 13.4±4.0 14.6±4.4 15.2±4.1 14.1±4.6

Verbal Aggression 11.1±2.4 11.3±2.5 11.0±2.3 10.5±2.7 10.9±2.2 10.2±3.0

Anger 13.5±3.8 13.1±3.8 13.8±3.8 15.2±3.8 15.0±3.5 15.3±4.0

Hostility 14.0±4.2 14.3±4.3 13.8±4.2 18.8±5.4 18.9±5.4 18.8±5.5

Table 2 AQ-RSV aggression scores in the general
Swedish population and PDD patients. Raw scores,
not corrected for age
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sex difference was found: CSF 5-HIAA was positively
and significantly correlated with Hostility in the men
(CSF 5-HIAA: r = 0.54, p = 0.0042), but the correlation
was not significant in the women. The opposite sex situ-
ation was seen in the relationship between the CSF
MHPG and Hostility (r = 0.32,p = 0.043 in women versus
r = 0.26, NS in men), but the difference between the re-
gression slopes of CSF 5-HIAA versus Hostility split for
sex did not quite reach significance and the other slopes
showed no difference (p > 0.10).

■ Self-rated aggression in the general Swedish
population and in PDD patients

As compared to normative data from Swedish popula-
tion, the PDD patient group showed noteworthy higher
values in all aggression factors, except for Verbal Ag-
gression and Anger, with the most prominent difference
in Hostility (entire PDD patient group 1.58, male patient
group 1.43, female patient group 1.67).

As concerns sex differences within study groups, the
self-rated aggression in general Swedish population
measured with AQ-RSV showed sex differences in all
Aggression factors. Men scored higher than women on

Total Aggression, Physical Aggression, Hostility, and
Verbal Aggression, while the reverse was found for
Anger (Table 4a).

The aggression scores within the PDD patient group
showed unexpected sex differences in that women with
PDD had higher scores on all Aggression factors: slightly
higher scores on Total Aggression and Anger, higher on
Verbal Aggression and Physical Aggression, with the
most prominent, significant, difference in Hostility
score (Table 4a).

When compared self-rated aggression in sex per-
spective in the whole study sample, the significantly
higher scores have been found in the PDD patient group,
both in male and female, concerning Total Aggression,
Anger, and Hostility factors (Table 4b).

Discussion

Several previous studies have supported the hypothesis
that covert aggression/hostility is an integral factor in
the development of depression (Perris et al. 1983;
Wolfersdorf et al.1998),but little is known about sex dif-
ferences in the interrelationships between depressive
and aggressive symptoms, and even less has been re-

Physical Verbal Anger* Hostility*
aggression* aggression*

t p t p t p t p

CSF HIAA –0.48 � 0.70 � –0.99 � 1.74 0.088

CSF MHPG –0.40 � –0.33 � 0.09 � 2.27 0.015

* Age- and sex-matched aggression scores, compared with normative value 1 in the general Swedish population

Table 3 Monoamine metabolites predicting ag-
gression measures by partial regressions, influence of
sex being partialled out (� denotes p > 0.10). Only
main effects shown since no interactions between
sex and metabolites were significant

Fig. 1 Linear regressions between CSF metabolites 5-hydroxyindoleacetic acid (5-HIAA) and 3-methoxy-4-hydroxy-phenylglycol (MHPG), and the Hostility subfactor in pa-
tients with persistent depressive disorders (PDD)
*) Age- and sex-matched aggression score, compared with normative value of 1 in the general Swedish population
Females (F) filled circles; Males (M) open triangles
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ported about sex differences in the presumed relation-
ships between monoaminergic turnover and aggressive
phenomena in psychiatric patients.

Our present findings confirm previously reported
sex differences in self-rated aggression (Prochazka et al.
2001; Rossi et al. 1986). Furthermore, they indicate that
the pathological process in a psychiatric disorder such
as PDD may induce specific forms of aggression, such as
hostility. Lastly, distinct sex differences are indicated in
the linkage between aggressive symptoms and central
monoaminergic turnover.

■ Previous studies on monoaminergic turnover 
and self-rated aggression in both sexes

Findings in general populations

Møller and co-workers (1996) compared 27 women and
25 men regarding CSF monoamine metabolites and ag-
gression rated by the 41-item Kinsey Institute Reaction
List II Aggression, KIRL (Reinisch et al. 1993). Two sig-
nificantly positive correlations were found among 10
significant partial correlation coefficients corrected for
age, height, and weight: one between CSF 5-HIAA and
“extroverted aggression” (outward-directed aggression
comparable with Physical Aggression in AQ-RSV) in
women and the other between CSF MHPG and “moral
aggression” in men. The samples were too small for con-
clusions concerning sex differences, but the results may
indicate more obvious links between elevated levels of

CSF 5-HIAA and extroverted aggression in healthy
women than in healthy men.

Other studies have noted lower metabolite concen-
trations in men than in women (Roy et al. 1988a; Ågren
et al. 1986). Contradicting our findings is the report of a
negative correlation between introverted aggression
and CSF 5-HIAA in both sexes (Roy et al.1988b).The au-
thors suggested that introverted aggression might be re-
garded as “pathological” aggression, i. e. related to psy-
chiatric disorders. Since CSF HVA is highly significantly
and positively correlated with CSF 5-HIAA, it is not evi-
dent whether a correlation with HVA or 5-HIAA is spe-
cific to either metabolite. In fact, earlier studies have
suggested that the dependence of CSF HVA on 5-HIAA
indicates a serotonergic control of dopamine turnover,
i.e. “CSF 5-HIAA drives CSF HVA” (Ågren et al. 1986).
Since specific information from CSF HVA is so hard to
evaluate, by much previous research, we have omitted it
from our analysis.

Findings in psychiatric patients

Aggressive behavior may be encountered in a wide
range of psychiatric illness. According to the multi-ax-
ial diagnostic system (DSM-IV) aggression is an indi-
cator of severe maladaptive social functioning, which
forms the symptomatology and affects the conse-
quences of the illness (APA 1994b). In an unselected
Swedish birth cohort, Hodgins (1992) demonstrated
that the risk of being charged with a violent crime was
four times higher in men, and 27 times higher in

a Sex comparisons in CS sample and in PDD patient group (males vs females)

Aggression factors CS sample (n = 497) PDD patients (n = 66)
(229 males, 268 females) (26 males, 40 females)
t-test, p-value (df = 495) t-test, p-value (df = 64)

Total Aggression t = 3.20, p = 0.08 (m > f) t = –0.45, NS (f > m)

Physical Aggression t = 7.44, p < 0.001 (m > f) t = –1.03, NS (f > m)

Verbal Aggression t = 1.85, p = 0.07 (m > f) t = –0.90, NS (f > m)

Anger t = –2.08, p = 0.018 (f > m) t = –0.38, NS (f > m)

Hostility t = 1.26, NS (m > f) t = –1.89, p = 0.04 (f > m)

b Sex comparisons between control subjects (CS) from general Swedish population and patients with persistent
depressive disorder (PDD). CS males vs PDD males, CS females vs PDD females

Aggression factors Male study group (n = 255) Female study group (n = 308)
(229 CS males, 26 PDD males) (268 CS females, 40 PDD females)
t test, p value (df = 253) t test, p value (df = 306)

Total Aggression t = –1.84, p < 0.001 t = –3.57, p < 0.001
(PDD males > CS males) (PDD females > CS females)

Physical Aggression t = 1.21, NS t = –1.01, NS
(CS males > PDD males) (PDD females > CS females)

Verbal Aggression t = 0.98, NS t = 1.81, NS
(CS males > PDD males) (CS females > PDD females)

Anger t = –2.39, p = 0.018 t = –2.33, p = 0.03
(PDD males > CS males) (PDD females > CS females)

Hostility t = –5.01, p < 0.001 t = –6.71, p < 0.001
(PDD males > CS males) (PDD females > CS females)

Table 4 Self-rated aggression analyzed by sex in pa-
tients with persistent depressive disorder (PDD) and
control subjects (CS) from general Swedish popula-
tion. t tests for independent samples
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women, with a major mental disorder than in mentally
healthy individuals.

Special attention has been focused on the role of neu-
rotransmitters and their CSF metabolites in aggression
since the 1950’s, when Woolley and Shaw (1954) sug-
gested that an abnormal serotonin metabolism might
trigger development of psychotic illness. CSF 5-HIAA,
the most commonly studied marker, is thought to reflect
cerebral serotonin turnover. The best-documented clin-
ical association with any kind of monoaminergic
turnover in psychiatric disorders is that between low
CSF concentrations of 5-HIAA and aggressive suicide
attempts (Åsberg et al. 1976; Träskman et al. 1981;
Brown et al. 1982), but since only men participated in
most of the published studies, sex differences cannot be
analyzed in retrospect.

■ Hostility as a predictive factor for somatic 
and psychiatric illness

The aggression subfactor Hostility in AQ-RSV defines
an attitude. Early in the history of psychiatry, hostility
was interpreted as a manifestation of an inverted and
self-destructive human force. During the last decade,
hostility has also been studied within somatic medicine
as sex differences were discovered in the symptomatol-
ogy of heart disease and risk of myocardial infarction
(MI). Myrtek (2001) presented meta-analyses of pub-
lished prospective studies about association between
Type A personality or hostility, and cardiovascular heart
disease (CHD) until the end of 1998. He found that hos-
tility is significantly associated with CHD.

Lahad and co-workers (1997) have examined 1277
postmenopausal women with a history of MI and found
a significant linear association between Hostility and in-
creased risk of MI.These results have been confirmed by
a recent epidemiological prospective study performed
by Chaput and co-workers (2002) evaluating the role of
hostility as a risk factor for secondary CHD in post-
menopausal women. When comparing women with low
and high Cook-Medley hostility scores, women with the
highest score were twice as likely to have had a myocar-
dial infarction, and hostility was found to be an inde-
pendent risk factor for recurrent CHD events in post-
menopausal women.

Relationships between monoaminergic turnover and
hostility have been studied by Roy and coworkers
(1988). In a small sample (10 men and 7 women), they
demonstrated an association between low CSF 5-HIAA
and increased “urge to act out hostility” in normal vol-
unteers, among whom the men had lower CSF concen-
trations of both 5-HIAA and HVA than women.

In the present study, the predominant outcome of all
statistical analyses was the predictive power of sex for
Hostility and for Anger, and of CSF 5-HIAA and CSF
MHPG for Hostility, in PDD patients. Though the lack of
previous data on this issue prevents firm conclusions,
our results are suggestive of a clinically meaningful sex

difference in the neurobiological substrate of hostility
and anger.

■ Self-rated aggression, “stress-related” disorders 
and monoaminergic turnover

Except for Verbal aggression and Anger, the AQ-RSV
scores were generally higher in PDD patients than in
age- and sex-matched members of the general Swedish
population.A striking sex difference was noted in the fe-
male dominance on the majority of aggression scales in
the PDD group. These two observations correspond to
AQ-RSV findings in a recent study on mass-displaced
Kosovars diagnosed with post-traumatic stress disorder
(PTSD) (Ekblad et al. 2001). The chronic nature of PDD
and PTSD and the burden of long-term stress might be
common denominators. In both disorders, patients tend
to demonstrate “uncertainty” and lack ability to plan
ahead. Presumably, the higher Hostility scores in female
patients might reflect less reluctance to express emo-
tions verbally among women than among men.

We have for the first time demonstrated a sex differ-
ence in the neurobiological substrate of underlying ag-
gression in patients with PDD. In a previous study of
PDD patients, a blunted prolaction response to fenflu-
ramine challenge indicated an altered serotonergic
mechanism (Prochazka et al. 2000). We interpret the al-
tered monoaminergic function as a possible conse-
quence of a non-remitting course of illness. Chronicity
per se may be a factor of crucial importance for under-
standing the results from the present study. The acute
and chronic stress responses with the hypothalamus-pi-
tuitary-adrenaline (HPA) axis activation and inhibition
might be differently regulated in men and women. Fi-
nally, the positive relationships between an aggression
subfactor and CSF metabolites may reflect phenomena
unrelated to the earlier well-described links between
impulsivity and low CSF metabolites.

Verification of the sex differences found in this study
would require a new and larger patient sample and a ref-
erence group examined with the same rating instru-
ments. Causal directions in the relationships cannot be
investigated with the present methodology. Neverthe-
less, altered cerebral serotonergic and/or noradrenergic
turnover appears to be an important factor behind ele-
vated degrees of self-experienced aggression (especially
Hostility) in PDD, maybe also in other “stress-related”
psychiatric problems. To resolve these issues, prospec-
tive studies need to include further neurobiological as-
pects, such as hormones, HPA-axis, and female hor-
monal cycles, and to explore specific patterns of the
PDD course.
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