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Summary. Some studies have suggested possible association of the dopamine
receptor subtype 4 (DRD4) gene exon III 48 bp repeat polymorphism with novelty
seeking behavior. As suicidal behavior in adolescents is linked to risk taking
behavior, we evaluated the association of suicidality with DRD4 polymorphism
in Israeli inpatient suicidal adolescents. Sixty-nine inpatient adolescents who
recently attempted suicide were assessed by structured interview and rating scales
for detailed clinical history, diagnoses, suicide intent and risk, impulsivity, vio-
lence, and depression. The frequency of DRD4 alleles was compared between the
suicidal inpatients and 167 healthy control subjects. No significant association
between the DRD4 polymorphism and suicidal behavior was found. Analysis of
the suicide-related measures demonstrated a significant difference in depression
severity between suicidal inpatients homozygote and heterozygote for the DRD4
alleles (p¼ 0.003). The relevance of this finding to increased depression severity in
suicidal adolescents, if replicated, is as yet unclear.

Keywords: Suicide, adolescence, polymorphism, dopamine receptor D4 (DRD4),
depression.

Introduction

Suicidal behavior runs in families and seems to be partially genetically deter-
mined (Roy, 1983, 1997; Roy et al., 1997; Mann, 1998; Zalsman et al., 2002).



Inheritance of suicidal behavior may be higher if first seen in pre-puberty or
adolescence (Brent et al., 2002). Dopamine (DA) has been implicated as an
important factor in the regulation of the reward system (Ikemoto and Panksepp,
1999) and found to play a role in depression and some anxiety disorders
(Willner, 1995). Drugs of abuse causing disinhibition, such as cocaine and
amphetamines, are known to inhibit the dopamine transporter and to stimulate
the DAergic system. Several studies indicated an association between risk tak-
ing behaviors and length of dopamine receptor type 4 (DRD4) alleles (for
review see Kluger et al., 2002). There is scarce information on the association
of suicidal behavior and depression with the DRD4 polymorphism.

Suicide is the second leading cause of death in the 15–24 year old age
group, in Israel and other countries as well (Zalsman et al., 2002). Since ado-
lescent suicidal behavior is unique and associated with risk taking behavior,
impulsivity, depression and aggression (Apter et al., 1993, 1995), we assessed
the possible association of the DRD4 polymorphisms with suicidal behavior
and related traits in suicidal adolescent inpatients, from Ashkenazi and non-
Ashkenazi origin.

DRD4 and impulsive behavior

Five major subtypes of DA receptors (D1–D5) were identified and characterized
and cloned (Van Tol et al., 1992). The receptors are found at different areas
throughout the DA tracts and have different affinities for the DA. The subtypes
can be further classified into two groups: the D1 and D5 receptor subtypes which
stimulate the production of cAMP, and the D2, D3 and D4 receptor subtypes which
inhibit the formation of cAMP. The DA D4 receptor is abundant in the frontal
brain, an area known to play an important role in human personality, in particular
judgment, irritability and impulsivity (Benjamin et al., 1996; Ebstein et al., 1996,
1997). The D4 subtype is a candidate for novelty seeking behavior due to its
abundance in areas of the brain involved in the regulation of cognitive and emo-
tional functions. Initial investigations into the gene responsible for the D4 subtype
supported the putative role of D4 in impulsive behavior (Van Tol et al., 1992).

The DRD4 gene was mapped by Gelernter et al. (1992) to the short arm of
chromosome 11, and includes 48 base pair (bp) repeat polymorphism in exon
III, with 2 to 10 repeat units (Van Tol et al., 1992). Allele frequencies of this
polymorphism are known to vary between populations (Chang et al., 1996), but
not between Ashkenazi and Non-Ashkenazi Jews (Frisch et al., 1999). The 7
repeat allele was found to be associated with novelty seeking (Benjamin et al.,
1996; Ebstein et al., 1996; Malhotra et al., 1996) and opioid dependence (Kotler
et al., 1997). Ebstein et al. (1996, 1997) were the first to look directly into the
link between the DRD4 gene and the behavior classified as novelty seeking.
Their work was performed on a group of Israeli subjects from a mixed ethnic
background (Jewish Ashkenazi, Jewish Sephardi, Arab and Druze). They have
demonstrated an association between the long allele, containing 7 repeats, and
novelty seeking behavior as measured by the Cloninger Tridimensional Person-
ality Questionnaire (TPQ) (Cloninger et al., 1993), which also includes harm
avoidance, reward dependence and persistence. Malhotra et al. (1996), Ono
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et al. (1997), and Noble et al. (1998) published further evidence to support this
finding. However, Jonnson et al. (1997) and Gelernter et al. (1997) disputed this
association. It is noteworthy that these studies were performed on a variety of
different ethnic groups and that the methods for determining ‘‘novelty seeking’’
varied between groups.

In the last few years, the association between DRD4 gene polymorphism
and a variety of disorders associated with impulsivity including Tourette syn-
drome (Grice et al., 1996), pathological gambling and attention deficit hy-
peractivity disorder (ADHD) was studied. Comings et al. (1999) found a
significant association between carriers of the longer alleles of DRD4 and
pathological gambling, a compulsive-impulsive behavior, with the gamblers
more frequently being heterozygous. ADHD has incurred interest because of
the behavioral expression of the disorder in three domains: inattention, hyper-
activity and impulsive behavior (LaHoste et al., 1996). Roman et al. (2001)
found no link between the carriers of the long allele of DRD4 and ADHD as a
diagnostic entity. However, when focusing specifically on the hyperactivity=
impulsivity dimension of ADHD, a significant link with the DRD4 long seven-
repeat allele was found. This further suggests a possible relationship between
the DRD4 gene and impulsivity.

DRD4 and suicidal behavior

It was suggested that suicide and suicidal behavior might be an extension of
novelty-seeking behavior with aggression and violence being possibly as
important in the act of suicide as is depression (Apter et al., 1995). Twin and
adoption studies have supported the view that suicide may not be exclusively
linked to a specific psychiatric disorder and suggested a genetic component to
suicidality. This suggestion is based on the observation of higher concordance
rates for suicide (Roy et al., 1991) and suicide attempts (Roy et al., 1995) in
monozygotic than in dizygotic twins regardless of psychiatric diagnosis.

Recent interest has turned towards the role of the DRD4 gene in the patho-
genesis of depression, and suicide (Mann, 1998; Zalsman et al., 2002). Evi-
dence that DA is involved in these disorders led Frisch et al.(1999) to look into
a possible association between the DRD4 gene and unipolar major depressive
disorder. Although no significant association was found the authors suggested a
possible minor role for the DRD4 gene in this disorder. Another study has
further looked at the association between suicide attempt and the DRD4 gene
(Persson et al., 1999). In this initial study, performed in Swedish population, no
association was found between the DRD4 gene polymorphism and suicidal
behavior. No significant differences were found between the control subjects
and the suicide attempters even when the suicide attempters were further clas-
sified into categories according to the underlying diagnosis – depression, anxi-
ety, adjustment and cluster B personality disorders.

To the best of our knowledge, despite established relationship between ado-
lescent suicidal behavior and impulsive traits, there has been no study examin-
ing the association between the DRD4 genotype and suicidal behavior in this
age group. In the present study we assessed the association between DRD4
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polymorphism and suicidal behavior in adolescent inpatients, using indepen-
dent valid and reliable state and trait questionnaires for adolescents.

Material and methods

Patient sample

The study was conducted in the adolescent psychiatric department of a university affiliated psy-
chiatric hospital (Geha Mental Health Center, Petach Tikva, Israel). The group of suicide attempters
consisted of 69 patients, 40 (58%) girls and 29 (42%) boys. The age range of the participants was
15.2–24.0 years (Mean 17.7� 3.2). Thirty-five of the group were of Ashkenazi Jewish origin. The
other thirty-four were from non-Ashkenazi Jewish descent. The diagnosis of underlying disorders
was made according to the DSM IV (APA, 1994) criteria using a semi-structured interview. Most
patients were diagnosed with more than one psychiatric disorder during their admission to the
department. However for the purpose of the research the most dominant diagnosis was recorded.
The most common primary diagnoses in the sample were: borderline personality disorder (n¼ 20,
29%), schizophrenia (n¼ 17, 24.6%) and major depression (n¼ 12, 17.4%). Other diagnoses were:
bipolar affective disorder I (n¼ 3, 4.3%); antisocial personality disorder (n¼ 5, 7.2%); anorexia
nervosa (n¼ 2, 2.9%); adjustment disorder (n¼ 2, 2.9%); schizoaffective disorder, obsessive
compulsive disorder, post-traumatic stress disorder, unspecified depression, and binge eating (for
each diagnosis n¼ 1, 1.4%). For one patient, no formal diagnosis could be established. None of the
patients had a current or lifetime diagnosis of ADHD. All patients were negative for drugs of abuse
by urine toxicology screen. As a routine procedure, patients are washed out of medication when
admitted to the unit after suicide attempt. The mean score on the Global Assessment of Functioning
Scale was 56.1 (SD¼ 16.4; range 20–90).

The mean number of previous suicide attempts in the study population was 1.6 (range 2–9).
Methods of attempted suicide included overdose of tablets (n¼ 24, 34.8%), jumping from a high
place (n¼ 18, 26%), cutting of veins (n¼ 8, 11.6%), hanging (n¼ 5, 7.2%), ingesting poisons
(n¼ 3, 4.3%) and other unspecified methods (n¼ 11, 15.9%).

Study design

This is a case-control retrospective study. The frequency of genotypes and alleles in the suicidal
subjects (n¼ 69) was compared to that of a historical control group which included healthy
Ashkenazi (n¼ 109) and non-Ashkenazi (n¼ 58) Jewish population (total n¼ 167), from a
previous study performed in our laboratory (Frisch et al., 1999).

The study was approved by the Geha Mental Health Center Review Board. All the subjects
and their parents gave written informed consent after the nature of the study was fully explained
to them, prior to their inclusion in the study.

Procedure

All patients were interviewed within a week after their most recent suicide attempt. One patient
completed only the IS questionnaire and one patient did not complete any questionnaire. Blood
samples were collected during the first week after the suicide attempt.

Clinical assessment

The clinical phenotype of the suicidal subjects was determined, as described previously (Zalsman
et al., 2001a, b), by five questionnaires and a diagnostic semi-structured interview:

1. Past Feelings and Acts of Violence Scale (PFAVS), a 12-item questionnaire checking risk of
violence, anger, and legal problems linked to violence. The scale is reliable in detecting
history of violence and predicts violence as the reason for hospitalization. It is mainly a trait
questionnaire. Answers are rated from never to always on a 4-point Likert scale, and the score
ranges from 0 to 36. Internal validity is 0.77 (Plutchik and Van Praag, 1990).
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2. Impulsivity Scale (IS), a 15-item questionnaire for impulsivity. Answers are rated on a 4-
point Likert scale, and scores range from 15 to 60. The internal validity is 0.77 (Plutchik and
Van Praag, 1986; Apter et al., 1990).

3. Suicide Risk Scale (SRS), a-26 items pencil-and-paper questionnaire, which checks for the
actual risk for suicide. Answers are given as yes-no. Score ranges from 26 to 52 (lower scores
means higher risk). The internal validity is 0.84 (Plutchik et al., 1989; Apter et al., 1990).

4. Beck Depression Inventory (BDI), a well-known tool for measuring depression. The scores
range from 0 to 63; scores above 9 are considered positive for depression. The internal validity
is 0.73–0.92 (Beck and Steer, 1987; Beck et al., 1988).

5. Beck Suicide Intent scale (BSIS), a 15-item questionnaire on seriousness of the suicide attempt.
The scores range from 0 to 30. The questionnaire has been found to differentiate between
suicide attempters and completers (Beck et al., 1974a, b).

6. Schedule for Affective Disorders and Schizophrenia for children-Patient Version (K-SADS-P),
a structured interview for Axis I diagnoses in children and adolescents. The K-SADS-P has
been translated into Hebrew and showed good inter-rater reliability in our earlier studies
(Apter et al., 1989; Shanee et al., 1997). In patients older than 18 years, we used the Hebrew
version of the Structured Clinical Interview for DSM IV-patient version (SCID-P), version 2.0
(First et al., 1994).

Blood collection

Ten milliliters of venous blood was collected from each patient. The blood was collected into
EDTA-containing tubes. DNA isolation was performed using standard methods (Miller et al., 1998).

Genotyping

DRD4 genotyping was performed using Polymerase Chain Reaction (PCR) techniques as
described previously (Frisch et al., 1999). The alleles were classified as short (<7 repeats) and
long (7 and longer), as suggested by others (Benjamin et al., 1996; Ebstein et al., 1997). The PCR
primers used were D4-3 (50-GCC ACT ACG TGG TCT ACT CG-30) and D4-42 (50-AGG ACC
CTC ATG GCC TTG-30). Alleles sizes were determined by comparison with DNA markers.

Statistical analysis

The distribution of the frequency of the DRD4 genotypes and alleles in the patients and the
healthy controls was compared using the Fisher’s exact test. The analyses were performed both
using the patient group as a whole and dividing the patient and control groups into Ashkenazi and
non-Ashkenazi subjects. Student’s t-test was performed to assess the differences within the
suicide patients in scores on the following scales: Past Feelings and Acts of Violence Scale,
the Impulsivity Scale, the Suicide Risk Scale, the Beck Depression Inventory and the Beck
Suicide Intent Scale. Patients were classified as carriers of the short (<7 repeats) or long (>7
repeats or longer) alleles, and being homozygote or heterozygote for these alleles. Bonferroni
post-hoc test was employed to correct for multiple testing. All test were two tailed.

Results

Table 1 describes the range, means and the standard deviations of the patients’
scores in the various rating scales. PFAVS showed low to moderate violence
rates. Impulsivity, using the Impulsivity Scale as a guide, was moderate to high.
The risk for suicide was moderate to high, as assessed by both the Suicide Risk
Scale and the Beck Suicide Intent Scale. The depression severety in the sample
population was also moderate, as assessed by the Beck Depression Inventory.

Table 2 shows the differences between the two groups, including further
sub-dividing into Ashkenazi and non – Ashkenazi subgroups. As shown in
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Table 2, no significant differences were found for the short (<7 repeats) and the
long (�7 repeats) DRD4 polymorphic alleles, for both the total sample and the
divided ethnic groups. No age or gender effects were detected.

Psychometric analyses

The Student’s t-test was used to analyze the differences in clinical assessments
in the carriers of the DRD4 alleles (<7 repeats and �7) (Table 3) as well as
homozygotes (4,4 or 7,7 repeats) vs. heterozygotes (Table 4).

Table 1. Psychometric clinical assessment of the suicidal adolescents

Scale n Sample range (scale range) Mean S.D.

PFAVS 67 1–26 (0–36) 9.27 6.70
IS 68 21–60 (15–60) 35.32 6.82
SRS 67 28–52 (26–52) 36.12 5.56
BDI 67 0–49 (0–63) 23.24 14.22
BSIS 67 2–20 (0–30) 13.40 6.77

PFAVS Past Feelings and Acts of Violence Scale, IS Impulsivity Scale, SRS Suicide Risk
Scale, BDI Beck Depression Inventory, BSIS Beck Suicide Intent Scale

Table 2. Assessment for association of short and long alleles of DRD4 polymorphism and
suicidality in adolescents and controls by ethnic groups

No. of repeats Ethnicity Suicidal adolescents Healthy controls Pa

�7 All sample 24 75 0.27
Ashkenazi 14 48 0.87
Non-Ashkenazi 10 27 0.19

<7 All sample 114 259
Ashkenazi 56 170
Non-Ashkenazi 58 89

a Fisher’s Exact Test: All sample: p¼ 0.27; RR¼ 1.09; 95% C.I.¼ 0.96–1.24. Ashkenazi: p¼
0.87; RR¼ 1.03; 95% C.I.¼ 0.89–1. Non-ashkenazi: p¼ 0.19; RR¼ 1.21; 95% C.I.¼ 0.95–1.53

Table 3. Clinical assessment of carriers and non-carriers of the �7 repeats DRD4 allele in
suicidal adolescents

Scale Carriers of the �7 repeat Non-carriers of the �7 repeat t df p

n Mean S.D. n Mean S.D.

PFAVS 21 9.05 7.01 46 9.37 6.63 0.18 65 0.86
IS 21 35 6.60 47 35.47 6.99 0.26 66 0.79
SRS 21 37.05 6.05 46 35.70 5.34 0.92 65 0.36
BDI 21 19.95 13.89 46 24.74 14.26 1.29 65 0.20
BSIS 21 11.48 5.78 46 14.28 7.06 1.58 65 0.12

PFAVS Past Feelings and Acts of Violence Scale, IS Impulsivity Scale, SRS Suicide Risk
Scale, BDI Beck Depression Inventory, BSIS Beck Suicide Intent Scale
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Since the DRD4� 7 repeat alleles were reported by some researchers
(Kluger et al., 2002) to be associated with novelty-seeking behavior, we ana-
lyzed the relationship between these alleles and the psychometric properties of
the suicide attempters. As shown in Table 3, no differences in the scores of the
various rating scales were revealed between carriers and non-carriers of the�7
repeats alleles of the DRD4.

However, as shown in Table 4, homozygosity for the DRD4 gene poly-
morphism, including all allele lengths (4,7,>7), was associated in the suicidal
adolescents with more severe depression as measured by the BDI scale
(27.86� 14.13 vs. 17.87� 12.49, respectively t¼ 3.04, df¼ 65, p¼ 0.0034).
This finding was also significant following Bonferroni post-hoc test.

Discussion

In this study the distribution of the polymorphic alleles of the DRD4 gene was
assessed for its possible association with suicidal behavior in a group of suicidal
adolescent inpatients. Current opinion holds that suicidal behavior is not simply
an entity which is connected to depression in an individual but it is often a
behavior linked to impulsivity, violence and aggression (Apter et al., 1993,
1995). Since novelty-seeking behaviour may be associated with risk-taking
behaviour and impulsivity, and has been shown to be associated with the long
(�7 repeats) DRD4 alleles (Benjamin et al., 1996; Ebstein et al., 1996), we
hypothesized that these alleles may be overrepresented among the suicidal
adolescent inpatients. However, no association was found in our study between
the length of the DRD4 alleles (�7 and <7 repeats) and suicidal behavior when
compared to an historical adult healthy control group. This negative finding is
consistent with previous study in adult suicidal population (Persson et al.,
1999). The results remained non-significant also when the populations were
subdivided according to ethnic origin (Ashkenazi and a non-Ashkenazi).

The positive finding of this study was that homozygosity for the DRD4
polymorphism in suicidal adolescent inpatients showed significant association
with severity of depression, as measured by the BDI. This is consistent with

Table 4. Clinical assessments of the suicidal adolescents homozygotes and heterozygotes
for DRD4

Scale DRD4 homozygotes DRD4 heterozygotes t df p

n Mean S.D. n Mean S.D.

PFAVS 36 9 6.69 31 9.58 6.81 0.35 65 0.72
IS 36 35.86 5.85 32 34.72 7.83 0.68 66 0.50
SRS 36 34.97 4.64 31 37.45 6.29 1.85 65 0.0685
BDI 36 27.86 14.13 31 17.87 12.49 3.04 65 0.0034�
BSIS 36 14.08 7.74 31 12.61 5.45 0.88 65 0.38

PFAVS Past Feelings and Acts of Violence Scale, IS Impulsivity Scale, SRS Suicide Risk
Scale, BDI Beck Depression Inventory, BSIS Beck Suicide Intent Scale. �Significant also
following Bonferroni post-hoc test
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multiple reports that dopaminergic system plays a role in the pathophysiology
of depression (Mann, 1998). A recent meta-analysis suggested that homozy-
gosity for the DRD4 long alleles may be associated with novelty-seeking (Kluger
et al., 2002). Association of DRD4 gene homozygosity and depression was also
found in smokers (Lerman et al., 1998). Moreover, the latter study demon-
strated an association of homozygosity for the short DRD4 alleles and the
beneficial effects of nicotine replacement therapy in depressed smokers, a phe-
nomenon that may be related to genetic factors involved in dopamine trans-
mission. Considering the role of the dopaminergic system in impulsive
behavior, it is of note that homozygosity at the dopamine DRD3 gene was
reported in cocaine dependance (Comings et al., 1999), a phenotype associated
with novelty-seeking.

The association of the DRD4 polymorphism with depression was studied by
Serretti et al. (1998) who have shown association of the 7 repeats allele with
higher scores in Hamilton Depression Rating Scale with delusional symptho-
matology in mood disorder patients. Association of DRD4 polymorphism was
not found with antidepressant activity of two selective serotonin reuptake inhib-
itors (Serretti et al., 2001).

The complex relationship between DRD4 genotype, suicidality, impulsivity,
substance abuse and novelty-seeking behavior in adolescents merits further
investigation.

Study limitations

The major limitation of this study is the small sample size. Recruitment of
adolescent immediately after a suicide attempt with a parental consent for
research is a difficult task (Brent et al., 2002). We are aware that the results
in small samples are liable to both type I and II errors. Unfortunately, the
sample size and the multiplicity of the genotypes do not allow a proper power
analysis. Our findings should be considered as preliminary and need replication
in an independent, larger sample. The positive finding of the association of
homozygosity with depression severity may be a result of type I error because
of multiple comparisons. We addressed this limitation, using the Bonferroni
post-hoc test.

Because of the sample size, we could not assess association of this poly-
morphism with subtypes of subjects such as aggressive vs. non-aggressive,
severe vs. non-severe suicide attempters or subtypes of depression.

Although psychiatric diagnoses in this sample are heterogeneous, suicidal
behavior in this age group seemed to cross all diagnostic categories and may be
related more to impulsive-aggression than to Axis I or II diagnoses (Brent et al.,
2002; Apter et al., 1990, 1993, 1995).

This is the first study of this polymorphism that focused on a group of
suicidal adolescent inpatients that represent a unique population. Although
some of the patients in this sample are older, they are all under 24 years old
and most of the literature on suicidality consider the 15–24 years old as one
group (Brent et al., 2002; Apter et al., 1995). Adolescent inpatients as a group
may have different personality traits and different neurobiology compared to
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adult patients and therefore the results of this study can not be generalized to
the population as a whole.

In conclusion, no association between suicidal, impulsive and aggressive
behaviors and DRD4 alleles in adolescent inpatients was found. However, homo-
zygosity for the DRD4 gene was associated with the severity of depression, as
measured by the BDI, in adolescent suicidal inpatients. Although it was claimed
in the past that homozygosity can affect the function of a protein, the functional
significance of DRD4 homozygosity and its relevance to increased depression
severity in suicidal adolescents, if replicated, is as yet unclear. Further large scale
family-based studies with a more clinically homogenous population (including
community-based population), with looking on single nuleotide polymorphisms
and haplotypes, are required to clarify the relation between the DRD4 gene
polymorphism, depression and suicidality in adolescents.
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