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ABSTRACT

Contingent negative variation (CNV) has been applied in depression with controversial results. A
major source for these controversial results could result from the diversity of depressed patients
included in the different studies. Supporting this assumption, impulsivity, blunted affect and
suicidal behavior significantly influence CNV amplitude. However, no data are available on the
possible influences of personality of depressed patients on CNV. Since personality is related to
CNV in normal subjects, the aim of the present study was to investigate the relationship between
CNV and personality as assessed by the Temperament and Character Inventory (TCI) in 52
depressed patients. A group of 76 healthy volunteers was included in the study. Among
depressed patients, the main results of the study shows that CNV amplitude is positively
correlated with self-transcendence dimension. In healthy volunteers, results show that CNV
amplitude is negatively correlated with novelty seeking and persistence dimensions. The other
dimensions are not related to CNV amplitude either in depressed patients or in healthy
volunteers. The findings among depressed subjects suggest that lower CNV amplitude may be
associated with psychotic traits (high self-transcendence scores), and those observed in healthy
subjects are consistent with previous studies and support energetical models of slow potentials.
However, the preliminary nature of the present results with respect to the weak statistical
significance should be underlined.
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Introduction

Contingent negative variation (CNV) is a surface negative slow potential recorded from human
subjects during a fixed foreperiod of a warned reaction time task [1]. This electric phenomenon
of the brain has drawn the interest of many psychophysiologists because it is thought to reflect
some psychological processes such as expectancy, motivation, arousal, attention, time
estimation and motor preparation [2-4]. Several lines of evidence suggest that CNV is
constituted of two different components. The first, or early CNV, is related to the orienting
response and exhibits a rapid habituation. The second component, or late CNV, has been
associated with motor preparation and stimulus anticipation [4-7].

CNV abnormalities have been reported in several psychiatric disorders, especially in dementia,
schizophrenia and depression [8]. Concerning depressive disorders, abnormalities in CNV
amplitude and duration have been described with some controversies. Whereas some studies
have reported that depressed patients exhibited lower CNV amplitude [8-12], other studies have
suggested that in depressed patients CNV amplitude was similar to that in healthy controls [13-
16]. A major source for these controversial results could result, at least in part, from the
diversity of depressed patients included in these different studies. Supporting this assumption,
impulsivity, blunted affect and suicidal behavior significantly influence CNV amplitude in
depression [17-22]. However, no data are available on the possible influences of personality of
depressed patients on CNV.

Several studies have reported that CNV was related to many personality dimensions in healthy
subjects. Introverts exhibit lower CNV amplitude in a standard paradigm [23], but the
relationship between extraversion and CNV amplitude is not linear and presents an interaction
with the experimental condition [24]. Moreover, the effects of chlordiazepoxide and caffeine on
CNV amplitude correlated significantly with the extraversion score [25]. Social extraversion was
associated with greater CNV amplitude within the left hemisphere [26]. Finally, persons scoring
high on sensation seeking showed larger CNV amplitude than low scorers on this dimension
[27]. According to these authors, this finding is interpreted as suggesting that larger CNV
amplitudes reflect emotions that were approach related rather than avoidance related.

Since personality was related to CNV in normal subjects, the aim of the present study was to
investigate the relationship between CNV amplitude and the Temperament and Character
Inventory (TCI) in depressed subjects. The TCI is a 226-item self-questionnaire developed to
assess the seven dimensions of the biosocial model of personality proposed by Cloninger et al.
[28, 29]. This model is based on four temperaments (novelty seeking, harm avoidance, reward
dependence, and persistence) and three characters (self-directedness, cooperativeness, and self-
transcendence). Novelty seeking is defined as the tendency to respond actively to novel stimuli
leading to pursuit of rewards and escape from punishment. Harm avoidance corresponds to the
tendency toward an inhibitory response to signals of aversive stimuli that lead to avoidance of
punishment and nonreward. Reward dependence is defined as the tendency for a positive
response to signals of reward to maintain or resist behavioral extinction. Persistence is
described in terms of perseverance despite frustration and fatigue. Self-directedness refers to
the ability of an individual to control, regulate and adapt his behavior to fit the situation in
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accord with individually chosen goals and values. Cooperativeness is formulated to account for
individual differences in identification with and acceptance of other people. Self-transcendence
is a character associated with spirituality, and refers generally to identification with everything
conceived as essential and consequential parts of a unified whole.

The model of Cloninger is interesting to study the relationship between CNV and personality
because it shares some theoretical constructs with CNV. Indeed, novelty seeking is linked to the
behavioral activation system and approach-related behavior. According to the energetical
models of slow potentials [30-32], enhanced CNV amplitude represents a higher cerebral
potentiality in the anticipation and approach-related tasks, and amplitude variation in CNV is
usually considered as a sign of variation in intensity of activation/inhibition of neural structures
in the brain by the task variables. Therefore, the aim of the present study was to investigate the
relationships between CNV and personality as assessed by the Cloninger model of personality
among depressed patients. Since the relationships between CNV and TCI were never performed
in normal subjects, a group of healthy volunteers was included in the present study.

Subjects and methods

SUBJECTS

The study was conducted in 52 depressive inpatients admitted to the Department of Psychiatry
of the University Hospital of Liege (Belgium). The sample comprised 30 men and 22 women
with a mean age of 40.7 years (SD = 11.7). All patients met DSM-IV criteria for major depressive
disorder [33], with a mean score of 28.1 (SD = 6.8) on the 17-item Hamilton depression scale
[34]. Since suicidal behavior has previously been shown to influence CNV amplitude [20, 21], all
patients selected were free from acute and/or past suicide attempts. Clinical examinations
assessed that the patients were free of medical illness. A group of 76 experimentally naive
healthy subjects (42 women and 34 men, mean age of 35.8 B 11.9 years) recruited among the
staff of the University Hospital of Liege (Belgium) was included in the study. They were paid for
their participation (10,000 BEF). They all underwent a medical interview to exclude psychiatric
or somatic disorders. The Ethical Committee of the University of Liége Medical School approved
the protocol and all subjects gave their informed consent.

PERSONALITY ASSESSMENT

The depressed subjects and the healthy volunteers completed a French version of the 226-item
self-questionnaire TCI within the day following the CNV recording. Cloninger has recommended
the translated version of the TCI used in the study. It has been performed by Téhérani and
Lépine and validated by Pélissolo and Lépine [35]. The patients were asked to read each item
carefully and to answer with a pencil all of them even if they are not completely sure of the
answer. After the patients have completed the questionnaire, one author (M.H.) checked if all the
items of the questionnaire have been completed. All patients have filled in ‘false’ for the validity
item (I have lied a lot in this questionnaire).
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Table 1. Mean and standard deviation of TCI dimension scores among depressed inpatients (n = 52) and
healthy volunteers (n = 76)

TCI dimensions Depressed Controls T value p
patients (df=126)

Novelty seeking 16.9+6.0 19.5+6.3 2.34 0.02
Harm avoidance 25.245.8 13.3+5.6 -11.54 <0.001
Reward dependence 14.9+4.3 159439 1.33 0.18
Persistence 41423 41420 0.05 0.95
Self-directedness 2341484 34.1+6.3 8.18 <0.001
Cooperativeness 28.4+5.8 32.3+4.1 4.47 <0.001
Self-transcendence 14.1+6.2 10.04+5.2 -4.03 <0.001

Table 2. Partial correlation coefficients between CNV amplitude and reaction time (RT) and the personality
dimensions of the TCI and age among 52 depressed patients

NS HA RD P SD (60) ST Age

CNV amplitude Fz -0.01 0.15 -0.07 -0.18 -0.10 0.25 0.27 0.06
Cz -0.03 0.14 -0.03 -0.09 -0.07 0.04 0.34* 0.16

Pz -0.07 -0.01 -0.04 -0.16 -0.08 0.01 0.33* 0.12

RT 0.16 0.29 0.08 0.10 0.02 -0.08 0.02 0.31

NS = Novelty seeking; HA = harm avoidance; RD = reward dependence; P = persistence;
SD = self-directedness; CO = cooperativeness; ST = self-transcendence. * p < 0.05.

CNV PROCEDURE, RECORDING AND DATA ANALYSIS

The CNV paradigm consisted of a warning stimulus (S1, tone of 1,000 Hz, 75 dB, and 50-ms
duration) followed 1 s later by an imperative stimulus (S2, series of 18 Hz squared light flashes).
The subject’s task was to interrupt the S2 by a fast button press with the dominant hand. Trials
were automatically excluded if there were button presses within the S1-S2 interval. Intertrial
intervals varied randomly from 5 to 10 s. The subjects were asked to relax and to blink as little
as possible, and if necessary only after the motor response. Oculomotor artifacts were evaluated
by visual inspection of electrooculogram (EOG) tracings. The task duration was approximately
10 min, and few trials (2-7) were rejected due to eye movements or premature presses. The
CNV was determined from an average of 32 artifact-free trials. CNV amplitude was quantified as
the mean amplitude during a 200-ms interval prior to S2, referred to a 1 s before S1 baseline.
The EEG was recorded with silver/silver-chloride electrodes from Fz, Cz, and Pz, referred to
linked earlobes. Vertical EOG was recorded via electrodes above and below the left eye. An
electrode placed on the right forehead served as ground. All sites were cleaned with acetone and
prepared to keep the resistance below 5 kg. All EEG and EOG channels were amplified with a
Nihon Kohden electroencephalogram model 7310 with a time constant of 8 s and a high-cut
frequency of 50 Hz. EEG signals were digitized at a rate of 64 Hz.
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STATISTICAL ANALYSIS

The statistical analyses were carried out using Statistica (4.5) for Windows (Statsoft, 1993,
Statsoft, Tulsa, Okla., USA). Rather than selecting groups of subjects that were high or low on
dimensions and then analyzing group differences with Anova, in the present study, a large
sample of subjects was tested, and the relationships between CNV and TCI data were assessed
by correlation coefficients. Since age and severity of depression interact with either CNV
measures or TCI scores, partial correlations were computed. Group differences were assessed by
Student’s t tests.

Results

Reaction time was delayed in depressed patients: 348 + 190.1 ms versus 225 B 71.2 ms in
controls (t = 5.13, p < 0.001). CNV amplitude was significantly lower in depressed patients as
compared to healthy volunteers: Fz, -11.3 + 5.8 versus -16.3 + 7.9 uV (t = 3.84, p < 0.001); Cz,
-11.2 £ 5.6 versus -18.6 + 6.9 uV (t = 6.40, p < 0.001); Pz, -6.4 + 5.1 versus -11.1 £ 5.3 pV (t =
4.92,p < 0.001). Mean and standard deviations of the TCI dimensions are represented in table 1.
Depressed patients exhibited higher scores on harm avoidance and self-transcendence
dimensions and lower scores on novelty seeking, self-directedness and cooperativeness
dimensions. Partial correlation coefficients between CNV, TCI scores and age are presented in
table 2 for depressed patients and in table 3 for healthy volunteers. Among depressed patients,
CNV amplitude was positively correlated with self-transcendence dimension (r = 0.34, p = 0.02
at Cz; r = 0.33, p = 0.02 at Pz). Among healthy volunteers, CNV amplitude was negatively
correlated with both novelty seeking dimension (r = -0.39, p < 0.001 at Fz; r = -0.27, p = 0.02
at Cz) and persistence dimension (r = -0.31, p < 0.01 at Cz). Age was positively correlated with
reaction time (r = 0.45, p < 0.001).

Table 3. Partial correlation coefficients between CNV amplitude and reaction time (RT) and the personality
dimensions of the TCI and age among 76 healthy subjects

NS HA RD p SD Cco ST Age

CNV amplitude Fz -0.39* 0.19 0.13 -0.23 -0.15 -0.06 0.13 -0.05
Cz -0.27* 0.15 0.08 -0.31* 0.01 -0.15 0.20 -0.05

Pz -0.20 0.13 -0.01 -0.21 -0.02 -0.08 0.17 -0.20

RT 0.03 -0.02 0.06 0.02 0.0* -0.20 0.04 0.45*

NS = Novelty seeking; HA = harm avoidance; RD = reward dependence; P = persistence;
SD = self-directedness; CO = cooperativeness; ST = self-transcendence. * p < 0.05.
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Discussion

In the present study, CNV amplitude is positively correlated with self-transcendence dimension
in depressed patients. This indicates that lower CNV amplitude may be associated with higher
self-transcendence score. Higher self-transcendence scores when combined with good
development on the two other character dimensions (self-directedness and cooperativeness)
are associated with mature creativity. However, according to Cloninger, when combined with
poor development of one or both of the other character dimensions, higher self-transcendence
scores are associated with proneness to psychosis and personality disorders. The results of the
present study show that depressed patients exhibited lower self-directedness and lower
cooperativeness scores. This TCI profile corresponds to the schizotypical configuration
described by Cloninger and Svrakic [36]. Therefore, the association found among depressed
patients between CNV amplitude and this dimension may indicate that lower CNV amplitude
may be observed more frequently in severely depressed patients with eventual psychotic traits.
This assumption is supported by the fact that some studies have reported that CNV amplitude is
correlated with the severity of depression [12, 37, 38]. More interestingly, reduced CNV
amplitude is observed in schizophrenia [39, 40].

A limitation of the study is that personality has been assessed during the depressive disorder.
Indeed, several studies have reported that the personality assessment during a mood disorder is
related to the clinical state of the patients, even if they were requested to answer the items of the
questionnaires in reference to their normal functioning [41-43]. In fact, the relationship
between personality and depression is extremely complex: personality features may predispose
an individual to depression; the personality can be modified after a depression; the personality
can modify the clinical presentation of a depressive disorder, and finally the personality can be
considered like a subclinical manifestation of a depressive disorder [44, 45]. The state
dependence of CNV amplitude may also explain the weakness of the correlations between CNV
and TCI dimensions. Indeed, several lines of evidence have suggested that CNV amplitude
increased after a successful treatment [11-46].

Among healthy volunteers, CNV amplitude is correlated with novelty seeking dimension. This
indicates that higher CNV amplitude is associated with higher novelty seeking score. This finding
is consistent with energetical models of slow potentials [30-32]. Moreover, this association is
consistent with earlier studies on CNV-personality relationships. Indeed, Howard et al. [26] have
reported a negative relationship between CNV amplitude and the subscale social extraversion of
the Eysenck’s model of personality, and Krijns et al. [27] have demonstrated that CNV amplitude
was larger for high than for low sensation seeking subjects. Some authors have suggested that
novelty seeking shares many traits with extraversion [47, 48] and sensation seeking [49].
However, McCourt et al. [50] have suggested that novelty seeking is not the same as sensation
seeking. The relationship between novelty seeking and CNV amplitude can also be explained by
their underlying neurobiological bases. Indeed, novelty seeking is mediated by the mesocortical
dopaminergic system. Several studies have confirmed this association [49, 50], although other
studies have not [51, 52]. On the other hand, many studies have demonstrated that
dopaminergic agents modulate CNV amplitude [53-55]. It must be noted, however, that recent
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studies have suggested that magnitude of the CNV bears a non-monotonic ‘inverted U’ relation to
neurotransmitter activity [54].

Finally, the negative relationship between persistence (perseverance) and CNV amplitude
among healthy subjects indicates that individuals with a higher score of this dimension are
characterized by higher CNV amplitude. The subjects who have a higher score on persistence are
described in terms of perseverance despite frustration and fatigue. It is possible that these
individuals exhibited higher cortical arousal and as a consequence a higher CNV amplitude. This
finding is consistent with the study of Krijns et al. [27] who reported that persons scoring high
on the sensation seeking scale exhibited larger CNV amplitudes than low scorers on this
dimension, if we admit that sensation seeking could be associated with persistence.

In conclusion, the findings among depressed subjects suggest that a lower CNV amplitude could
be associated with psychotic traits (high self-transcendence scores) and those observed in
healthy subjects are consistent with previous studies and support energetical models of slow
potentials. However, the preliminary nature of the present results with respect to the weak
statistical significance (type I error inflation with multiple significance tests) should be
underlined.
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