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ABSTRACT

This thesis describes six experiments which were designed to
investigate the nature of the problems of anxiety and depression using

psychophysiological measures.

The first three experiments (Chapters 5, 6 and 7) are concerned
with abnormal skin conductance in depression. Indices of electrodermal
activity and thyroid function were both assessed in 72 untreated
patients with primary depression and 53 normal controls in order to
identify clinical picture present in abnormal skin conductance. Sixty=-
eight percent of the subjects were identified as having abnormal skin
conductance. Forty-seven percent of those patients classified as
neurotic on the Newcastle scale were also found to be neurotic in
terms of their electrodermal activity. Consistent correlations were
found between the skin conductance and thyroid function suggesting
that abnormalities of thyroid activity may be responsible for skin

conductance abnormalities observed in depressed patients.

Mood changes of anxious, depressed and non-psychiatric subjects
were measured over a period of 4 weeks (Chapter 8). By this means it
was hoped to ascertain whether anxiety and depression were separate
psychological processes or part of the same psychological process. It
was found that overall mood did not differ significantly between
groups. Patterns of mood change over time were investigated and

strikingly similar patterns emerged for anxious and depressed moods.



A group of chronic anxious patients recently withdrawn from
lbbenzodiazepines were given tests doses of diazepam (5mg) and placebo
(Chapter 9). They were compared with a control group who had never
been chronic benzodiazepine users, using a battery of physiological
and psychological tests sensitive to benzodiazepine effects in order
£o establish the dependence-inducing properties of these drugs. The
persistence of withdrawal symptoms to diazepam's effects on self-rated

symptom scales was demonstrated unequivocally.

The final results presented (Chapter 10) are from the
psychophysiological responses in the patients whose results were
presented in Chapter 9 in comparison with hysterical and anxious
patients, and normal subjects. In this way, it was hoped to ascertain
whether the symptoms which have resulted from benzodiazepine
withdrawal 1in the patients withdrawn following 1long-term
benzodiazepines treatment were a form of conversion reaction or
anxiety. Although these patients showed 1little anxiety and
physiological arousal in comparison with anxious patients, the results
of psychological questionnaires largely supported the view that these
patients have a very similar pattern of reactions to other patients

with conversion symptoms.
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AN

CHAPTER 1

THE VALUE OF PSYCHOPHYSIOCLOGICAL TECHNIQUES :

General considerations and some psychophysiological concepts

INTRCDUCTICN

Darrow (1964) defined psychophysiology as 'the science which
concerns those physiological activities which underlie or relate to
psychic function' (p.4). This is undoubtedly a very wide definition as
it could be construed to refer to an extremely comprehensive range of
central nervous system functions. Others, for example Sternbach
(1966), have been more concerned with the type of experimental
approach which the psychophysiologist favours _ the use of a
polygraph, simultaneous recordings of several physiological functions,
the concentration on &sutonomic measures, etc. There seems general
agreement that psychophysiology concerns itself with experiments in

humans,

Psychophysiology deals with the measurement of physiological
responses zttendant on psychological changes and conditions, that is,

the subject's feelings, beliefs, expectations, knowledge, &and prior
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experience, and the effects these have on the response to
manipulations of the externzl environment. The emphasis is generally
om non-invasive monitoring techniques, and hence on peripheral
response systems., Response systems monitored have included
cardiovasculer, electrodermel, respirstory, gastrointestinal, the
skeletal musculature, ocular, and electroencephalographic (both

rhythmic and evoked responses), among others.

Phasic changes and tonic levels in these systems may be
indicative of reflexive, attentionzl, or adaptive responses, transient
emotional responses, individual personslity characteristics, and
persistent effects such as physiological or psychophysiological
disorders. The methods of psychophysiology thus find current
application in diverse areas. The &affects (emotions, feelings) have
been & favourite topic for psychophysiologiczl resewrch because of the
marked, widespread physiological changes which occur. Anxiety, in
particular, has been extensively studied for & variety of reasons. The
releztionship between the physiological changes and the perceived
feelings has been a source of controversy but has acted as a spur to
much fruitful resesrch. Miny psychiatric conditions ere either primary
disorders of &affect, for example depression and =anxiety, or
disturbances of affect are very obvious, for example in schizophrenia.
It is therefore not surprising that psychophysioclogical techniques

have been zspplied to these problems.

This first chapter introduces the basic measures used in
monitoring electrically recordeble &spects of psychophysiological

response systems and some conceptual concerns underlying their
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application, I address myself principally to the settings and
procedures under which the responses of interest are commonly
monitored and the general theoreticzl considerations relating to those
procedures. Individual differences affecting reactivity in these
response measures will also be discussed. More specific measures

relating to anxiety and depression are discussed in Chapter 3,

Fundamental Response Variables

Measures of "State" and Arousal

In genersl, &autonomic activity reflects the state of the
organism. "State" generally refers to the level of arousal or
alertness of the organism. Such levels range from sleep to wakefulness
to being hypervigilant or excited. Psychophysiologists concerned with
level of "alertness" during sleep have identified different levels of
sleep depth, based on electroencephalographic as well as behavioural
measures, Higher levels of arousal or emotion generally correspond to
higher tonic levels and more frequent phasic responses in
psychophysiological systems. Tonic level shifts refer to relatively
slow changes in baseline level of a response system. In most systems,
these are changes which persist for 15-30 seconds or more. Phasic
responses are changes of shorter duration. They commonly last from a
fraction of a second to 15 seconds and are followed by & return to
the prior basal level. The direction, duration, and nature of the
changes seen depend on both the nature of the state change and the

particular response system under examination.



The effects of &arousal on psychophysioclogical measures are best
illustrated by its inverse, that is relaxation. When & normal subject
is first brought to the laboratory in order to monitor his/her
response, arousal levels are relatively high. If the patient is asked
merely to sit still in a comfortable chair and relax, the s&rousal
level will decrease. This relaxation is accompanied by appropriate

autonomic changes.

In the electrodermal system, reduced arousal is indicated by
decreased conductance (increased resistance) 1level and & reduced
incidence of phasic responses triggered by either environmental
stimuli or internal responses such as thoughts and sensations.
Electroencephalographic (EEG) measures show changes in the pattern of
activity as & function of arousal changes. Higher arousal levels are
eccompanied by predominantly higher frequency, low voltage EEG
activity. As individusl's level of arouszl is lowered, this pattern is
replaced by slower, higher amplitude-patterned activity (Martin and
Venables, 1680). In a relaxed, awake individual this pattern shows a
dominant frequency in the range from 8-13 Hz (the alpha frequency
band). The incidence of alpha activity varies greatly across
individuals, Within individuals, however, the incidence usually
increases @s relaxation progresses. Alpha is commonly facilitated if
subjects are requested to relax with their eyes closed, rather than

open (Lzder, 1975).
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Emotion

Changes occur in & variety of physiological functions during the
experiencing of emotional states. Such states are, however, neither
necessary nor sufficient for either the subjective experience of
emotion or the behavioural concomitants of emotion, In animals,
surgical elimination of autonomic responses failed to impair
appropriate emotional behaviours (Cannon, 1927). Similarly, clinical
observation of & human patient (Dana, 1921) indicates no disruption of
reports of subjective emotionzl experience following (accidental)
transection of the spinal cord at the neck, However, in & classical
study, Schacter and Singer (1962) failed to show emotional responses
following adrenaline injections in the absence of environmental
stimuli appropriate for the elicitation of emotion, or when subjects
were informed of the physiological effects of the drug. Together,
these two lines of evidence indicate that emotional behaviour and
experience (1) can occur in the absence of autonomic or visceral
activity and feedback, and (2) may fzil to occur even when autonomic

activity appropriate to emotional response is present.

The argument presented above should not be taken to imply that
autonomic activity does not provide feedback to temper the experience
of emotion nor that emotional response is not accompanied by
psychophysiological changes. Indeed, it is the interaction of
autonomic with behavioural and cognitive events which provises the
full flavour of emotional experience. Schacter and Singer (1962), for
example, found that if eliciting situational and social contexts were

provided, subjects who had received injections of adrenaline displayed
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emotional behaviour. Subjects who had not been injected did not show
tthhe emotional response in the same settings. The nature of the
emo tional response (anger or euphoria) was appropriate to the staged
context and dependent on ignorance concerning the physiological
e ffects of the injection. Only the blending of social-cognitive
feactors produced emotional behaviour and experience. It is
particularly important to note that the same injection of an
adrenergic substance, which produced the same pattern of autonomic and
visceral activity, contributed to two very different emotional
experiences, This suggests that &a single pattern of
psychophysiological activity 1is common &across the spectrum of
emo tional behaviours. This pattern is essentially one of arousal (see

asbove),

Although the pattern of activity is similar across a variety of
emotions, this does not preclude the possibility of specific activity
unique to a particular emotion or set of emotions. Cannon (1927)
suggested the possibility of two distinct patterns of autonomic
discharge present in different emotionzl states. One pattern
corresponds to somewhat greater activity in the sympathetic than in
the parasympathetic portion of the autonomic system. The other pattern
corresponds to the reverse situation., Subsequent investigators
(Arnold, 1950; Ax, 1960) have explored the patterns of
psychophysioclogical response accompanying emotional response to
particuler situations. Arnold (1950) reports patterns of activity
which suggest that parasympathetic system reacts more strongly during
the experiencing of anger as compared to fear. Ax (1960) reports

patterns indicative of an adrenaline-like reaction to situations



designed to provoke fear. The pattern subsequent to situations
provoking anger 1indicated a combined adrenaline, noradrenaline-like

reaction.

Research 1into the patterning of autonomic =zactivity 1is
problematical because of large differences between subjects and
between measures both between and within subjects. In Ax's study, for
example, each of the seven physiological measures that best
discriminated between fear and anger was more highly correlated with
that same measure in the other condition than with any of the other
measures in same condition. In other words, the measure (skin
conductance, heart razte, blood pressure, etc.) which showed the
greatest change for eanger in & particular subject, also showed the
greatest change for fear. The patterns of activity were more specific
to the individual than to the emotion. Even & sophisticated composite
of such measures is likely to be useful indicator of emotional state
only if there is considerable prior knowledge of the individual's

typical manner of response (Lader, 1983; Meyer et al., 1988).

The 1importance of autonomic outflow and afferent return on
subjective experience of the intensity and perceived "reality" of
emotion has been examined by Hohmann (1966). Structured interviews
were conducted with 25 adult males with more-or-less complete spinzal
cord lesion, These patients reported decreases in sexual feelings,
fear, and anger from their experienced pre-trauma feelings. Many
reported that they often behaved emotionally either because the
situation called for such behaviour or because it was expected of

them. Their <corresponding experiences, however, were primarily



cognitive and seemed to them 1lacking in subjective reality as
emo tional experiences. The generality (acfoss emotions) and severity
off the deficit corresponded to the level of the lesion; the higher
the lesion, the greater the effect. One emotion, sentiment, increased
im frequency and intensity among these subjects. Although the
physiological components of particular emotions cannot be specified,
the Hohmann data indicate that autonomic afferents are essential

contributors to the totality of emotional experience.

Lacey and Lacey (1970) have presented a somewhat different
conceptualisation of autonomic activity in emotion. According to their
interpretations, the pattern of activity varies depending on whether
the attention of the individual is internally or externally focused.
On task requiring reception of external events, heart rate slows. In
situations where 2 noxious stimulus is presented and in situations
involving a cognitive task requiring internal elaboration, heart rate
increases. Tasks involving both the perception of external events and
cognitive manipulation of those events produce rinter‘mediate results.
During the preperatory period of a reacton time task, while the
subject is awaiting the cue to respond, the heart rate decelerates.
The response to the cue, however, is normally eacceleratory. EEG
recordings made in the same situation show concordant changes in the
negativity of the vertex-to-mastoid DC potential. The heart rate
deceleration during the preparatory period is accompanied by an
increessing negativity of the EEG recording. In the same reaction time
task, electrodermal activity 1is indicstive of generzlized aroussl.
This work shows promise for the use of centrzl and autonomic measures

in the study of emotion when emotion can be categorized on a
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dimension of internal-external focus of attention (Coles et al., 1988;

Coles, 1989).

Drug Effects

Drug used in medical practice as well as drugs ingested without
prescription (such as tobacco and alcohol) exert significant effects
on both basazl and reactive measures (Knotts and Venables, 1977;
Petursson &and Lader, 1984; Higgitt et al., 1985). Some drugs have
specific effects on a large group of physiological response systems.
Atropine, for example, produced pupillary dilation, in low doses
cardiac deceleration, in large doses cardiac acceleration, inhibition
of sweat gland activity, and an increzse in body temperature (Goodman
eand Gilman, 1941 in Welrath and Stern, 1980). Other drugs, such =&s
vi tamines, have more restricted or not measurable effects. The effects
of drugs are generally complex. The effects of acute versus chronic
intake of some drugs markedly different effects. As will be discussed
later (Chapter 4), tolerance effects to some drugs have been described
as well as antagonistic effects associated with ingesting more than

one drug.

Since psychoactive drugs are helpful to some but not all patients
with a specific psychiatric diagnosis, considerable effort has been
expended in using psychophysiological responses to the acute effects
of such drugs to predict clinical effectiveness of the drug with that
patient. For example, in the arez of EEG resesrch, many studies have

conducted attempting to evaluate the effectiveness of drugs in the
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treatment of specific psychiatric disturbances (e.g. Saletu et al.,
1971; Bond et al,, 1984; Vansweden, 1984). OCthers have used a wider
armamentarium of psychophysiological measures to make similar
predictions. Satterfield et al. (1973) do so in studies of drug
effectiveness in the treatment of the hyperactive child. The results
off such studies have been, at best, provocative. They certainly do

not generate optimism about their immediate applicability.

Response to Stimulation

The psychophysiological response to stimulation consists of an
integrated pattern of primarily phasic responding. The exact nature of
the response depends on the nature and intensity of the stimulus, how
the stimulus is perceived, and prior experience that the subject may
have had with that particular stimulus. Specific components of the
total response vary widely among individuals, but the overall pattern

is relatively consistent.

Orienting Response

When a novel or unexpected stimulus occurs, we orient toward that
stimulus. The orienting response is a kind of "what is it " response
which mey include spatizl orientation such as head movements and a
shift in direction of gaze, seemingly directed toward the source of
stimulation. The orienting responses can be readily observed in most
physiological response systems regardless of whether or not the overt

motor components of the response are present. The form of the phasic



response within each system is highly consistent: 1) electrodermal
activity - incresses in skin conductance initiated 1 to 5 sec
following stimulus onset, 2) heart rate - cardiac deceleration during
the first few beats following stimulus presentation, 3)
cardiovasculature -~ peripheral vasoconstriction and central
vasodilation, H4) ocular -~ pupil dilstion and large lateral saccadic
eye movements, 5) EMG -~ bursts of muscle activity, and 6) EEG -
event-~related potentials (the evoked response) and a desynchronization
of alpha activity, if it was present (this is sometimes referred to
as "alpha blocking"). The orienting response is tightly time-locked to
stimulus change. For example, the electrodermal component of the
orienting response 1is generally defined as & phasic increase in
conductance occurring between 1 and 5 sec following the stimulus.
Dimberg et asl. (1986) pointed out that "true" orienting responses
occur within an interval from 0.25 sec before to 0.50 sec following
that subject's median orienting response latency for stimuli of s
given type. The orienting response is most readily observed at
stimulus onset. Under appropriate conditions, however, it 1is also

observed at stimulus termination (Stern and Wealrath, 1977).

One charscteristic of an orienting response, then, is that it is
a generalized response in the sense that it is a whole-body response
involving the total organism in patterned activity. A second is that
it is not specific to the nature of the eliciting stimulus. A third
attribute is that 1t demonstrates habituastion. Thet is, the various
components of the orienting response decreazse in amplitude or in
likelihood of occurrence on successive presentations of the same

stimulus.



Habituation

We would be in a continual state of &arousal, unable to maintain
attention if we could not inhibit our responses to the thousands of
st.timuli which perpetually impinge upon us. The capacity of the
organism to block response to unimportant stimulation is essential to
its survival. Fortunately, we are equipped with a central nervous
system processor which provides for elimination of responses to
irrelevant and repeated stimulation. The response to a repeated
stimulus decreases &zcross succesive presentations. The generalized
response, elicited by the intial presentation, becomes more
circumscribed with respect to the specific nature and location of the
stimulus within the first few trials. With continuing presentations,
physiologically measurable responses to many kinds of stimulation
disappear completely. The reduction, and eventual cessation, of

response to repeated stimuli is celled habituation.

The importance of habituation for survival is beginning to be
recognized by medical preactitioners. In the construction of &
clinically useful scele of infant development, for example, Brazelton
(1983) 1includes several habituation series, as well as orienting
response evaluation. The ability of the infant to habituate to
auditory, visual, and tactual stimuli is thought to reflect its
ability to protect itself from excess stimulation. The rate of
habituation is @ measure of cortical control and responsiveness and of
the capacity to manage the demands of postnatzl adjustment. Scores on
the habituation items in the scale are used as predictors of central

nervous system organization. The efficacy of these predictors, at



least for the initial months of life, appears to be well demonstrated

(Brazelton et al., 1985).

Hzbituation, as the most basic form of behavioural plasticity,
plays an important role in the adaptation of an orgenism to its
environment. In addition, the process is important in relationship
with other mechanisms of response modification. Habituation is thought
to illustrate, along with sensitization, the most elementary form of
learning (Razran, 1971). It has been postulated that habituation,
together with classical conditioning, provides the motivational and
associational basis for all learned behaviour (Mowrer, 1960)., It has
been suggested that habituation is intimately implicated in the
mechanics and abilities involved in attending to the environment
(Konorski, 1967; Lader, 1980,1983). At the very least, habituation is
an illustrative prototype of the learning process, and perhaps a basic
building block for all response plasticity. A thorough understanding
of habituation is therefore doubly important both in its own right

and for the understanding of more complex phenomena.

Individual Variation in Psychophysiological Responses

Even within a relatively homogeneous population there may be
large variations in patterns of psychophysiological activity. Within &
sample of young, male, college students, for example, some will show
marked electrodermal responses to & loud tone, while others show no
electrodermal responses. Among those who do respond, the number of

trials required for the habituation of the response varies from 2 to



over 20 (Martin and Venables, 1980). Some of those subjects who give
no electrodermal response (as well as some of those who do) make

distinct vasoconstrictive responses to the tone. Others do not.

The sources of much of this individual variation are yet to be
documented (although they must be, at least potentizlly, available for
discovery). Other sources have been explored in greater or lesser
detail. Characteristics which have been shown to influence, or be
reflected by, psychophysiological response include sex, age, race,
cognitive style, personality structure, laterality effects, and of
most important for this thesis _ psychopathology. A major point which
must be made 1s that known sources of response variation must be
taken into consideration in the evaluation or treatment of individual

case,



CHAPTER 2

THE RELATICNSHIP EETWEEN ANXIETY AND DEPRESSION

INTRCDUCTICN

Anxiety and depression are terms used to describe negative affect
ranging from normel to merbid. That is, anxiety and depression can
both be conceptualised as normal mood states, as symptoms of
morbidity, as syndromes and &s diagnostic entities (Lipman, 1982). The
distinction between normal and morbid is made on the basis of
intensity &nd duration of the affect and on the number of symptoms

clustered together,

While there has been & longstanding distinction drawn between the
concepts of enxiety and depression, it is the intent of this chapter
to explore whether these two constructs can be meaningfully seperated.
Both conceptual and empirical arguments will be advanced. Conceptuzl
distinctions that have been drawn between the constructs of anxiety
and depresssion will also be reviewed. Finally, the evidence from
emotional models of affect, psychophysiological evidence related to
the separation of anxiety and depression, and data on the clinical

dizgnosis of anxiety and depressive states will be reviewed.



ANXIETY

Anxiety has been variously defined, but in general it seems to
be considered an affective, physiological, cognitive, and behavioural
state (Beck et &l,, 1974; Spielberger, 1975). Tyrer (1982) defines
clinical anxiety as a group of psychiatric disorders in which the

primary symptoms zre twofold:

"Psychic symptoms of dread and awareness of threat in the absence
of a known danger and independent of external situation and bodily
symptoms (somatic and autonomic) occasioned by increased sympathetic
arousal and including muscular, cardio-respiratory and
gastrointestinal components" (p.59). He points out that &although
psychic and somatic symptoms are always present, their relstive

emphasis may vary greatly from patient to patient.

Characteristically, the anxious patient builds up anticipatory
fear, that he/she will not be able to cope with or control his/her
razcing autonomic sensations. This anticipatory fear helps to create an
upward spiral of anxiety, which increases the 1likelihood of actually
having &an anxiety attack and frequently leads to a "fear of anxiety"
which acts independently of the initial anxiety (Stampler, 1982).
Typically, the anxious patient copes with his/her feelings by &avoiding

the anxiety-provoking stimulus.

Feighner et &8l.'s (1972) diagnostic criteria take account of

recurrent anxiety attacks, somatic and =zutonomic symptoms, &and



feelings of apprehension, fearfulness, or sense of impending doom.
Hamilton (1983) pointed out that in clinical practice it is not only
anxious mood (e.g. feelings of tension, autonomic symptoms such as
sweating, flushing, dryness of mouth) but also the presence of
features of depressed mood (e.g. difficulty in concentrating,
inability to relax, insomnia) that lead to a diagnosis of anxiety

neurosis.

These diegnostic criteria indicate that somatic symptoms form an
integral part of the anxiety syndrome. In fact, anxiety is one of the
few psychiatric conditions in which there are consistent physiological
chenges. Many of the somatic symptoms expressed by anxious patients
are z consequence of heightened sympathetic arousal, such as increased
forearm bloodflow, increased pulse rate, sweating, muscle tension and

tremor.

The literature on anxiety has made z notable distinction between
the trait of anxiety (i.e. the tendency to become anxious, although
not necessarily to be anxious at any pearticular moment), and state
anxiety (i.e. to be experiencing anxiety) (Spielberger, 1972; Endler
and Magnusson, 1976). Evidence for the empirical integrity of the
state-trait model of anxiety is widely =&availzble (see Spielberger,
1975 for a review), and there have been a number of attempts to
define more situationally-specific predispositions for anxiety. This
latter person-situation interaction model for anxiety (Magnusson &and
Endler, 1977) has led to the development of situationally-related
measures of trait anxiety and an increase in the ability to make

differential predictions of anxiety in different situastions (Magnusson



and Endler, 1977; Dobson, 1883).

Epidemiological evidence suggests wide cross-~cultural variability
in the prevalence of anxiety neuroses. Carey et al. (1980) provided
estimated prevalence rates that ranged from 0.6 per 1000 (Bille and
Juel-Nielson, 1968) to 39.2 per 1000 (Brunetti, 1976). Based on the
work of Carey et al., (1980), there appear to be consistent sex
differences in the prevalence of anxiety neuroses, with the average

prevalence rate for women being 2.17 times that for men.

DEPRESSICN

In contrast to anxiety, unipolar depression has been defined as &
multifaceted state (Craighead, 1980) that eventuate from & perception
of an important loss or threat of such a loss (Beck, 1976; Costello,
1980). For example, depression can be triggered by the loss of &
spouse through divorce, or the perception that such a loss is
imminent. The state itself has emotional, cognitive, and physiological
components &as does anxiety, but the general nature of the components
of depression involves avoidance, withdrawal, and diminished activity.
With regard to the distinction between trazit and stazte depression,
some conceptual and empiricel work has been accomplished (Zuckerman
and Lubin, 1965; Costello and Comrey, 1967), but the thrust of
research has been on the nazture and effect of the experience of the
state depression (Dobson, 1685). This work has been spurred by the

question of the distinction between "normal" state depression (in



whtich the individucl shews elevated sipns of & depressive typel and
"clinical" stste depression, which consists of a diagnosable syndrome

of symptoms (Snaith, 1987).

Clinical depression has been widely researched, and a
comprehensive review of the literature is not possible here (sec
Doefler, 1981; Sneith, 1987). It is important, however, to note that
there are¢ a number of categories of affective disorders according to
the DSM-III1-R (American Psychiatric Association, 1987). Included in
DEM-111-R's diagnostic scheme arc major affective disorders (manic
episode ond major depressive episode), bipolar disorder, mzjor
depression, specific &ffective disorders (cyclothymic disorder,
depressive neuroses) and atypical depression. Feighner et al.'s (1672)
criteris are based on the presence of dysphoric mood and certain
accessory symptoms (e.g. @norexia, insomnia, retardation and guilt).
The Research Diagnostic Criteriz (Spitzer et al., 1978) adopted the
same rules. Genereally, reseerch in clinicel depression is aimed at the
major depressive episode (2lso the major depressive disorder) group.
Estimates of the prevalence of depression (Carey et al., 1980) range
from 0.43 per 1000 (Lemkau et al., 1942) to 117.6 per 1000 (Brown et
al., 1977). The average female:mzle prevalence rate is 2.28:1 based on

the data of Carey et al. (1980).

Only recently have some trait predictors of clinical depression
begun to be developed (e.g. Dobson and Breiter, 1983; Dobson and
Shaw, 1985), and some of the most promising appear to be

physiologicel in nature (Csrroll et al., 1981).



ANXIETY AND DEPRESSION

Conceptually, there ere both similerities and differences between
t.he constructs of anxiety and depression (Costello, 1976). In this
section, the evidence from emotional models of affect,
psychophysiclogical evidence related to the separation of anxiety and
depression, and the data on clinical diagnosis of anxiety ond
depressive states will be reviewed. The section will encompass
increasingly nerrow definitions of anxiety and depression, from

emotions to traits to clinical syndromes.

Anxiety and Depression as Combinations of Fundamental Emotions

Theories of emotion vary in their description of anxiety and
depression, but generally suggest that anxiety and depression are
generzl emotions comprised of combinations of more fundamental
emotions (Jzard, 1977; Klerman, 1677; Plutchik, 1980; Dobson, 1985).
Izard (1977) suggests that anxiety and depression are higher order
emotionsl states in the sense that they represent complex combinations
of primary emotions. Simply stated, the major component of clinical
anxiety is the fundamental emotion of fear, whereas the major
component of depression is the fundamental emotion of sadness.
However, anxiety is more than just fear, since according to Izard it
includes degrees of interest (alertness) and distress (sadness).
Conversely, depression is more than Jjust sadness, according to Izard,

it includes degrees of anger and disgust. To test this basic theory,
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Izard developed the Differential Emotion Scale, & self-report
ad jective checklist containing items presumably reflecting fundamental
emotions. For example, words 1loading high on lIzard's distress
dimension were "sad", "lonely", "upset", "distressed" and "emotional";
while words loading high on the fear dimension were "afraid",
"scared", "fearful", "jittery", and "anxious". This instrument was
administered to & number of normal and patient subject groups and
support for Izard's hypotheses s&about anxiety and depression was
obtained. However, thus far these conclusions rely primarily on
evidence of self-report from subjects of their perception of inner

mood.,

The concept stresses the importance of considering mood,
psychophysiological and behavioural component systems not simply as
correlztes, but &as functionally interactive, Thus, the specification
of fundemental emotions stimulates clustering observational, self-
report and physiological data. In combination, patterns of fundamentezl
emotions do not necessearily occur one at & time; on the contrary,
they can and do occur in verious combinations depending on both

situational and biological factors.

In contrast to Izard's perspective that emotions can be uniquely
defined and then examined for their inter-relationship, other
theorists and researchers have zttempted to determine high-order
emotional dimensions that might order or pattern more basic affective
experiences. For example, Russell (1980) presented evidence that 28
emotion adjectives could be ordered in circular array that was defined

by the two dimensions of pleasure-displeasure and degree-of-arouscl




(arousal vs sleep). Within his model of affect, the adjectives
"depressed", "sad", "tense", "distressed", and "afraid" were located
on the extreme displeasure side of the pleasure-displeasure dimension.
The &adjectives "depressed" and "sad" were different from the other
ad jectives, however, in that they were placed towards the "sleepy" end
of the degree-of-arousal dimension, while the anxiety-related
ad jectives were placed towards the "aroused" end of the degree-of-
arousal dimension. Russell's work, therefore suggests that while the
emotions of anxiety and depression are comparable in terms of their
degree of unpleasantness, &nxiety states reflect a more aroused

condition than depression.

Individuals vary in the extent to which they present all of the
symptoms indicative of a given fundamental emotion. Intensity of the
affective state may be such & variable. For example, in mild
depression the primaery symptoms may be cognitive and possibly motor,
whereas 1in severe depression all the symptoms might be present,
including marked attenuation of the visceral components associated
with pleasure. Similerly, mild anxiety may be evident in cognitive and
motor signs, whereas in extreme anxiety all the symptoms could be
present, including marked increases in sympathetic arousal. Gther
fectors such as frequency and durztion of the affective state,
individual stereotype (Lacey and Lacey, 1958), different modes of
coping, and even response set (for example, depressed patients may see
themselves as extremely anxious, whereas in fact they are
autonomically and somatically only mildly fearful; Kelly and Walter,
166G9) can influence the final pattern of symptoms thet &are expressed

for &n individual.
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Psychophysiological Differentiation of Emotions

It has long been & commonsense observation that emotional states
are paralleled by changes in organs which are innervated by the
autonomic nervous system., Thus, we speak, for example, of our hearts
pounding with fear or our faces being red with anger. The belief that
there zre underlying physiological changes which accompany subjective
states and which can be measured has generated a large body of

research attempting to assess this relationship.

Until the middle of this c¢entury, however, there was 1little
compelling experimental evidence for differential physiological
activity during specific emotional states, although several theories
had been developed based on this view (James, 1884; Schacter and
Singer, 1962; Valins, 1970; Mandler, 1975). This lack of evidence
stems, in large part, from Cannon's (1927) influential criticism of
the James-Lange theory of emotion and from Selye's (1956) work. From
the writings of Cannon and of Selye it was an easy progression to the
more inclusive view that these physiological measures are indicators
of the general "activation" or "arousal level" of the individuzl
(Lindsley, 1950; Malmo, 1957,1966). Much of the recent research done

has been based on the work of these early activation theorists.

The concept of physiological arousal has played an important role
in many theories of emotion. Broadly speaking, peripheral
physiological &rouszl is taken to be the effect of autonomic nervous
system activity; its non-specific and diffuse nature has been inferred

from the fact that stimulus material with different emotional effects
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tends to produce similar peripheral changes (Levi, 1975). The concept
of a diffuse arousal state continues to be useful despite definite
constraints on its validity. These are, for example, the demonstration
of individual differences in chearacteristic patterns of arousal (Lacey

and Lacey, 1958) and stimulus-response specificity.

The attention given to arousal probably stems from the way that
the James-Lange hypothesis, which concerns the source of emotional
experience, has been understood. James (1884) &and Lange (1885)
reversed the traditional assumption that ideas cause feelings and
suggested the opposite view that emotional feeling is the result of
perceiving one's own bodily reactions. The self-perception of bodily
activity has remained an important element in later developments of
the James-Lange position, but the idea that reports of emotions are
correlated with distinct patterns of physiological arousal has not
been supported empirically. In the theories of Schacter and Singer
(1962) &nd Mandler (1975), physiologicael arousal is treated as a
necessary but not sufficient condition for emotion to be reported.
These theorists conceive of arousal &s being a diffuse generalised

state varying only in intensity.

The clue that factors in addition to arousal are necessary came
from early investigations of the effects of injecting adrenaline into
human subjects (e.g. Maranon, 1924), After receiving the injection,
subjects variously reported palpitations, motor tremor and feeling
hot, flushed and sweaty. The experience was not ususzlly described as
an emotional one, but some subjects reported that they felt as if

they were in a state of emotion. However, some subjects who were
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engaged in conversation about unresolved problems &t the time of the

injection, did not report real emotions.

Dizgnostic Symptoms

Clinical research on the relationship between &anxiety and
depressive syndromes has long been controversial , with research
perspectives varying from those aimed at documenting separate anxiety
and depression syndromes (Downing and Rickels, 1974; Prussof and
Klerman, 1G74), & unitary model of anxiety and depression (Johnstone
et al., 1980), secondary depression in anxiety disorders (Clancy et
al., 1978; Cloninger et &2l., 1981; Dealy et al., 1981) and &nxiety
disorders secondary to depressive disorders (Fawcett and Kravitz,

19833 Leckman et al., 1983).

A common combinztion 1is that of anxiety with non-psychotic
depressive symptoms, &and there has been much controversy over its
diagnostic validity. Under present rules of classification mixed
anxiety-depressive states cannot occur and are all subsumed under
depressive disorders. Although the symptoms of anxiety &and depression
can successfully be sepsrated by appropriate statistical tests (Roth
and Mountjoy, 1682), patients themselves cannot be separated quite so
easily. Prusoff and Klerman (1974) found that petients with anxiety
and depressive neuroses could be separated but although those defined
as anxiety had typical anxiety symptoms, the depressive group included
many with mixed anxiety and depressive symptoms and 35% could not be

alloceted satisfactorily. Further support for the existence of mixed



anxiety-depressive states has come from studying life events in
anxious and depressive disorders., When life events are separated into
those of danger and loss anxiety states are more often preceded by an
excess of danger, patients with depressive neurosis experience events
of loss, and a mixed anxiety-depressive group experience both severe

danger and loss (Finlay-Jones and Brown, 1G81).

Response to treatment might appear to be a suitable way of
either validating the existence of mixed anxiety~-depressive states, or
supporting their separation into anxiety and depressive disorders. The
data from studies do not permit any definite conclusion but in
general they suggest that there are more similaerities than differences
between the two disorders (e.g. Hollister et al., 1967; Henry et al.,
1970) . Johnstone et al, (1980) found no significant drug effect which
could differentiate patients on the basis of either cliniczl or self-
rating of anxiety and depression: amintriptyline proved to be superior

to diazepam in the treatment of both anxious and depressed patients.

The wusefulness of the concept of mixed anxiety-depression has
been investigated for those neurotic outpatients who receive treatment
for some mixture of anxious and depressive symptomatology. Paykel
(1972) provided evidence that anxious depressives needed to be
distinguished from other subtypes of neurotic depressives. He showed
that they did not respond to antidepressant medication &as did other
groups of depressives, However, the concept of mixed anxiety-
depression as & working diagnosis has not proved to be useful
(Downing &and Rickels, 197&). It incressed the heterogeneity of the

disgnostic concept not only in terms of severity &and chronicity of
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the condition, but also in terms of the configuration of symptoms
they displey. The DSM-I1I ignores the uncertain &ereas of overleap
between anxiety neurosis and neurotic depression, and it is therefore
of little use to the clinician when it comes to differential

diagnoses between these two conditions (Tyrer, 1984).

In a2 series of studies (the so called Newcastle Studies), Roth
et al. (1972), Gurney et al. (1972) and Kerr et &l. (1972) found that
in spite of the considerable overlap between the conditions of anxiety
and depression, there were striking differences in presenting
symptoms, personality characteristics and course and outcome for the
disorders. For instance, symptoms typical of depression but which also
occurred in anxiety states but significantly more so in the former
were: mood worse in the morning; early morning wakening; suicidal
acts; and psychomotor retardation., Symptoms typical of anxiety states,
which were also found in depression, but 1less so, were: panic
attacks; increased vasomotor responses; emotional lability; perceptuzal
distortions and marked depersonalisation and derealisation.
Personality characteristics differed in the two groups. Anxious
patients proved significantly more introverted than depressives. This
result was shown to be independent of 1illness, having &also been
elicited during or after recovery. It waes of interest that the
highest introversion scores as well as the lowest neuroticism scores
were recorded for endogenously depressed patients whose scores proved
higher than the adult norms reported by Eysenck (quoted from Roth and
Mount joy, 1982). Treaits of immaturity, emotional dependence,
instsbility of mood &and neuroticism were eassociated with anxiety more

than with depression.



The conclusion from the Newcastle Studies was that the two
syndromes were distinct, despite the overlap. Persistent depression
was found among the majority of petients diagnosed as depressed.
Episodic depression was characteristic of anxiety patients. Only =&
minority of the latter showed persistent depression. Episodic tension
was found in both groups, but more persistently so in the anxiety
group. This means that time dimension plays an important role in
characteristic petterns of anxiety &and depression, and that anxiety
and depressive complaints needs to be supported by longitudinal
studies which show that problems can be predicted from prior
psychological characteristics. There is 1little evidence of this kind

aveilable.

Foa and Foa (1982) obtazined similar results when trying to work
out the relationship between anxiety and depression. They found that
highly depressed patients were almost always highly anxious whilst
most highly anxious patients were only moderately depressed, Mild
depression was associated with either moderate or low anxiety. The
moderately depressed patients were either very or moderately anxious,
These studies suggested that anxiety and depression are two distinct

phenomena.

There is physiological evidence in support of the separate entity
hypothesis (Kelly and Walter, 1969): when subjected to experimentally
induced stress, anxious patients had a mean baszl forearm blood flow
significantly greater than that of depressed patients. Mountjoy and
Roth (1982b) also found a tendency for anxiety states to show

increased physiologicel response, while depressive states were



frequently associated with psychological response to stress,

In contrast, Goldberg (1982) concluded from his study that there
was substantial overlap, not only between the symptoms of anxiety and
depression, but between the syndromes. This finding was supported by
the study by Russell and De Silva (1983). They tried to answer the
question whether there was a clear demarcation between anxiety states
and minor depressive 1illnesses or whether it was better to consider
them &as 1lying &along & continuum of disturbed mood. They concluded,
that anxiety and depression were possibly different syndromes but the
symptoms were yoked to each other. That is, depressive and anxious

moods fluctuate in & similar fashion.

The overall conclusion from these studies is that anxiety and
depression are different at syndrome level but huve overlapping
symptomatology. That is in their extreme forms they can be categorised
whereas in milder forms & dimensional approach would seem more
appropriete. For further investigations on the relationship between
anxiety and depression it should therefore be remembered that one 1is
dealing with multiple component constructs which have patterns of
relationship., That is some symptoms of the conditions will fluctuate
together, others fluctuate independently, and some may be causally
related (Dobson, 1985). Cne cannot expect unidimensional solutions
(Lipman, 1982; Foa and Foa, 1983). But the evidence on which this
conclusion is based is methodologically weak. Whilst &1l the previous
studies have tended to be cross-sectionzl, it is the dynamic interplay
of anxiety and depressive symptomatology across time that might offer

a solution in studying the relationship between anxiety and depression



longitudinally. Thus, the need for replication of the crucial studies
is obvious, if the ambiguity in the present findings is to be

resolved.

In summary, the clinical literature on anxiety and depression
consistently documents & relationship between zanxious and depressive
neuroses, althogh the patterning and severity of the symptoms is &t
times such that statistical separation of diagnostic groups is
possible., While estimates of the overlap between anxiety and
depressive disorder vary, the commonly cited 25% to U0% overlap
(Klerman, 1977) is sufficient to necessitate careful consideration of
the psychological mechanisms by which peatients develop concommitant
anxiety and depressive symptomatology (Derogatis et al., 1972). Also,
it heas been pointed out that the failure to perfectly separate
anxiety and depressive disorders has very serious implications for the
consideraztion &and application of therapies (and particularly
psychotropic medications) for anxiety and depressive disorders

(Downing and Rickels, 1974; Hamilton, 1983; Coryell et al., 1988).

The frequent coexistence of anxiety and depressive symptomatology
has raised an important and long-debated question. Are anxiety and
depression different psychological processes or are they different
aspects of the same psychological process? More practical questions
apply as well. Do individuals experiencing both anxiety and depressive
syndromes have different prognoses from those who display one or the
other syndrome in purer form? Moreover, if these individuals indeed
suffer from only one or the other primary illness, how might the

clinician identify the correct one? These practical questions call for
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further data. And only methodologically precise and analysis taking

time lag into account will provide answer to these questions,



CHAPTER 3

MEASUREMENT OF ANXIETY AND DEPRESSION

INTRODUCTION

Both anxiety and depression are affective disorders which have
physiological, behavioural and cognitive components. Measures
developed to assess the two conditions have concentrated on the
different components of the disorders. The fact that different
subtypes of the two conditions have been differentiated has
complicated the issue of measurement. The overlap of symptoms used to
describe the two conditions has been an additional source of confusion
when a&attempting to distinguish between the conditions of anxiety and

depression on & categorical basis.

This chapter therefore discusses the issue of measurement in
anxiety and depressicn. COf most importance for this discussion are the
psychophysiological measurements used in each study, although some
aetiological argument concerning physiological mechanisms will also be

presented where necesseary.



MEASUREMENT OF ANXIETY

The physiological correlates of psychiatric diagnosis have been
extensively investigated. Early in this century it had been
demonstrated that neurasthenics could be distinguished from normals by
their responses to physiological tests (Altschule, 1953). For example,
neurasthenics' pulse rates rose markedly during stressful interviews,
physical exercise, or voluntary overbreathing. During strenuous
exercise, systolic blood pressure was observed to rise to higher
levels, and concentrations of sodium lactate in the blood were
elevated. Resting levels of physiological activity were not on the

whole found to differ.

Malmo (1957, 1966) conducted further studies of patients given =&
psychiatric diagnosis of anxiety neurosis and showed that they were
more reactive to a variety of laboratory stressors, motor tasks eand
other psychological tests. Again, differences in activation were not
noticeable under resting conditions, but following stimulation,
sustained after-reactions were observed in muscle tension, blood
pressure and heart-rate. Malmo explained his results by postulating
that his subjects had & defective inhibitory system, probably
inherited, &lthough he thought that the inhibitory mechanism could
also be wezkened by overuse (Malmo, 1957). The physiological
correlates of psychiatric diagnosis are still being vigorously

investigated (see below).
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Electrodermal Activity

Correlations between &anxiety and psychophysiological measures
have been sought in patients with anxiety states and in patients with
other conditions in which anxiety is prominent. In general, the
relationships &are strongest when anxiety states are studied. For
example, a heterogenous group of &anxious and depressed patients was
rated for anxiety, depression &and hostility on the basis of an
interview (Zukerman et al., 1968). The pfesence of anxiety correlated
with the frequency of spontaneous skin conductance fluctuations but
this variable did not distinguish between the patients and & group
of normal control subjects. Similarly, anxious patients had higher
skin conductance levels than depressed patients (Gilberstadt and
Maley, 1965; Frith et al., 1982). Lader and Wing (1966) were able to
distinguish peatients with chronically high levels of anxiety from
other patient &and non-patient groups in terms of their spontaneous
electrodermal responsivity &and the rate of habituation of their skin
conductance response to orienting stimuli. Lader (1980) reviewed
evidence suggesting an association between skin conductance level and
manifest anxiety. Lader concluded that anxiety is accompanied by

impairment of adaptation and siowing of habituation.

Psychophysiological studies of patients complaining of anxiety
have suggested causal mechanisms which, even if they do not expleain
how the problem of anxiety begins, may account for its continued
maintenance, Lader and Mathews (1968) based their physiological model
of anxiety on studies which compared the physiological characteristics

of subjects given different anxiety dizgnoses. Compasred with specific
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phobics or normal subjects, patients given the diagnoses of anxiety
states or sasgoraphobia showed more spontaneous fluctuations in skin
conductance and lower rate of habituation of the orienting response to
tones, the rate being inversely related to the 1level of spontaneous
fluctuations. They therefore proposed that certain individuals are in
a vulnerable stete of high tonic arousal in which habituation to
innately &rousing stimuli is minimal or non-existent. In fact, such
individuals may be pushed beyond & critical level of s&arousal, ebove
which & positive feedback process occurs. That is, the phasic aroussal
associated with novel stimuli adds to tonic arousasl with the
consequence that habituation fails to occur and &rousal increases in

increments to the point that a panic attack is precipitated.

This model has been influential in stimulating research,
especially in the area of therapeutic process, but it has been
difficult to prove or disprove. Although physiological measures
usuzlly show greater variability when anxiety is reported (Lader,
1675; Kelly, 1980), a consensus on the mezaning of an =arousal system

has not yet been achieved.

Bond et al. (1974) examined sweat gland activity in a group of
patients with anxiety states and compared them with thirty normal
subjects matched for age and sex. Skin conductance was recorded while
the subjects sat listening passively to a series of auditory clicks
and &again while the subjects performed a reaction-time task in
response to clicks. In the normzl subjects the skin conductaznce level
were higher during the active task than the passive situation, whereas

in the patients the levels were the same; also, the mean level in the



patients was almost twice that of the normal subjects. Fluctuation
rate rose in both groups to the same level during the active task but
was lower in the normal subjects during the passive task., It wes
concluded that pathological anxiety involves an increase in arousal
irrelevant to the task and has & disorganising rather than a

facilitating effect on performance.

Horvath and Meares (1979) found that number of spontaneous
fluctuations but not basal skin resistance discriminated anxiety
patients from parenoid and non-paranoid schizophrenics and hysterics.

Normels were significantly lower on both measures,

Electrodermal activity has proved particularly useful in
evaluating fear responses in phobic subjects and in monitoring the
response of these patients to behavioural treatments (Hare, 18733 Hare
and Blevings, 1975; Klorman et al., 1977; Fredrikson &and Ohman, 1G§79;
Fredrikson et al., 1985). Fredrikscn et al. (1985) ascertzined two
groups of subjects with specific phobias, those with a high rating
for fear of spiders &nd low for feer of snakes, and those with low
ratings for both phobias. Skin conductance was recorded before and
during slide presentation. Compared to neutral exposures, phobic
slides elicited greater skin conductance responses with slow recovery.
Ohman et &l. (1978) showed that skin conductance habituation was
quicker for neutral visual stimuli such as slides of houses than for

potentially phobic stimuli such as slides of snakes or spiders.

1t may be seen that three different approaches to the problem of

psychiatric c¢lassification have been used: &anxiety states as a



syndrome have been studied, 'neuroticism' as & concept in its own
right has been studied, and anxiety as a symptom in any psychiatric
illness has been used as the criterion. In the first category, the
results are fairly clear-cut; skin conductance levels and fluctuations
are raised. Habituation of the electrodermal responses 1is certainly
not rapid, but no evidence as to whether it is abnormal was found. In
the two latter approaches with neuroticism and with anxiety as a
symptom in other mental illnesses, the confusion to be expected when

using heterogenous populations of patients was very much in evidence.

However, one very consistent finding is the lack of habituation
in anxious individuals. While a normsl subject soon ceases to respond
to & monotonously repeated stimulus, such as a tone, &n anxious
patient shows persistent responses. Indeed, in states of severe
anxiety, responses may even increase with repetition rather than
decrease, a form of '"recruitment" (Lader, 1983). These data provide
yet another distinction that must be addressed in theories of anxiety.
That 1is, mechanisms inducing anxiety must be distinguished from

mechanisms meintaining anxiety.

Central Measures

The electroencephalogram (EEG) is the only true central measure
available for psychophysioclogical study (Lader, 1680). The EEG
findings 1in anxiety states have been fairly consistent and
predictable. In clinically anxious and anxiety-prone patients there is

a reduction in the amount of &lpha &ctivity and an increase in the



amount of beta activity (Lindsley, 1950; Roubicek, 1969; Bond et =al.,
19743 Petursson &nd Lader, 1984). In an early study comparing 100
neurotics with 100 normals, alpha activity was less abundant in the
patients, especially those suffering from chronic anxiety states
(Strauss, 1945). This was confirmed by Tucker (1984) in an extensive
study of a heterogenous group of patients with the common symptoms of
anxiety. In normal subjects, the dominant alpha frequency followed &
single normal distribution with a mean of 10 Hz; in neurotics, the
distribution was bimodal with peaks at 9 and 10.5 Hz., In anxiety
states the distribution was normal with the dominant frequency at 11.2
Hz. Automatic quantification using a wave sanalyser has confirmed the

association of anxiety and fast wave activity (Ray and Cole, 1985).

Thus, the EEGs of &anxious petients consistently show less alphea
and more beta activity than normals. Ellingson (1954) dismissed this
as insignificant, attributing it to the patients' inability to relax.
However, this itself 1is a distinguishing characteristic of anxious
patients, of which the EEG provides objective evidence (Gaebel and
Ulrich, 1988). The use of the EEG might therefore throw some light on

the neurophysiological correlates of morbid anxiety.

Almost &1l psychoactive drugs have marked effects on the EEG.,
Those which are relevant in the context of anxiety include the
baerbiturates, benzodiazepines and phenothiazines, and all of these
produce changes in the EEG (Fink, 1969, Kales et al., 1979; Petursson
and Leader, 1984; Schopf et &sl., 1684; Higgitt et al., 1986; Higgitt
et &al., 1987). Central nervous system zbnormalities are indicated by

marked EEG changes following benzodizzepine withdrawal such as changes



in fast wave and diffuse slow wave activity (Lader et al., 1980; Bond
et al., 1983; Petursson and Lader, 1984; Higgitt et al., 1986). As
autonomic &arousal 1is rarely observed in the absence of cortical
arousal (Christie et al., 1983) and EEG studies of anxiety states
tend to show greater cortical arousal in patients with anxiety (Bond
et al., 1974; Lader,1980), these findings with EEG measures also raise
questions about the nature of the physiological mechanisms that may be

responsible for the abnormalities.

The electroencephalographic evoked response to & variety of
stimuli has received a great dezl of attention in the past twenty
years., Wilkinson (1967) proposed that only four components of the
evoked response had definite psychological significance, & peak at 60~
70 msec (after an auditory click), P1, & trough at 100-120 msec, N1,
enother peak at 170-200 msec, P2, and another trough at 240-300 msec,
N2. Three zmplitudes of evoked response are derived from these, the

P1N1 difference, the P2N1 difference and the P2N2 difference.

The auditory evoked response (AER) components have been shown to
be an index of activation (Wilkinson and Morlock, 1967; Bostock and
Jarvis, 1970; Bond et al., 1974; Tyrer, 1976). Bond et al. (1974)
found that N1 and P2 latencies were shorter under condition of high
activation, Increase in these components are said to be responsive to
stimuli that are relevant (Wilkinson and Lee, 1972) or are thought to
require selective attention (Donald, 1983; Hansen and Hillyard, 1984).
There 1is evidence that the first of the AER amplitudes is dependent
on selective attention (Satterfield, 1965; Naatanen, 1982) and the

last of these (P2N2) is relzted to vigilance (Wilkinson et al., 1966;
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Hillyard and Kutas, 1983). Known sedative drugs and anazesthetics tend
to reduce all three of these amplitudes (Jarvis and Lader, 1971;
Schopf et al., 1984; Petursson and Lader, 1984; Higgitt et al., 1986)
and so study of the amplitudes in particular is relevant to the

investigation of central effects of anxiolytics.

Since the &zbove measures may reflect levels of attention and
arousal and, as will be seen in Chapter 4, since the benzodiazepines
are essentially sedative drugs and known to cause perceptusal
impairment and lowering in the overall state of arousal (e.g. Bond
and Lader, 1981; Wesson and Smith, 1982; Tyrer and Seivewright, 1984),
studying the AER components could explain the perceptual
hypersensitivity reported by the patients treated with benzodiazepine

medication.

MEASUREMENT OF DEPRESSICN

There has been & lot of research to identify physiologicel
correlates of depression. The impetus for this was the effective
treatment of some depressive states since the 1950s, made possible by
the pharmacological advances of the monoamine oxidase inhibitors and
tricyclic drugs. Recently the 1lithium salts and biogenic amine
precursors have contributed therapeutically, but increasing knowledge
of the pharmacological difference between these drugs has yet to

produce & clear picture of their diverse action.



Similarly, attempts to classify depressive states have yet to
yield clear evidence of their possibly diverse aetiology. While
classification helps to provide the practicing clinician with a basis
for treatment, however empirical, it also forms a hypothetical
substrate for researchers to establish, refute, or refine the validity
of clinical observation. The definition of descriptive data which
classification can provide is a prerequisite for meaningful comparison
between scientific studies, and forms the basis of & c¢linicsl and

research language which facilitates communication.

The symptom cluster of the depressive states has ill-defined
boundaries, merging with the syndromes of schizophrenia, anxiety, &and
personality disorder. Attempts to contain this broad spectrum of
symptoms by descriptive subclassificetion has provided & series of
schemata. The refining of research techniques has not resolved the
problems of subclassification, but attention to patient sampling,
improved statistical analysis, and standardized interview procedure
has placed the investigation of the classificatory dilemme on a more
valid scientific basis. Most subclessifications recognize the
emergence of two main clinical presentations in depression; a severe,
unmitigated mood change and a milder, less sustained and more variable
illness. Terms such as psychotic-neurotic and severe-mild have been
applied to these different syndromes. Explanatory hypotheses of this
observed division include the concept of two distinct illnesses, the
concept of a continuum of illness in one or two dimensions with the
two syndromes represented at the poles of the spectrum, and the

concept of a central single depressive illness with two mein variants.



Acceptance of any diagnostic classification finally depends on
the identification of disturbaznces in recognized biological function.
Despite the advances in physiological measurement and their research
application in depressive illness, no classificatory system including
physiological measures has emerged, although it can be argued that
psychophysiology has a potentially valusble role in this context.
Measurement of peripheral indices may provide information which
characterises depressive states, whether such chaeracteristics result
from the disease process or the process of phearmacological

intervention.

Electrodermel Activity

Abnormealities of electrodermal activity have been demonstrated in
depressed patients (Christie et al., 1980). With one exception (Toone
et al., 1981) most recent investigations have found reduced baseline
and tonic skin conductance levels, lowered frequencies of spontaneous
skin conductance activity, reduced responses following orienting
stimuli and faster habituation rates when compared with controls
(Heimann and Straube, 1979; Giedke et al., 1980C; Lapierre and Butter,
1980; Mirkin and Coppen, 1980; Storrie et zl., 1981; Thorrell, 1987).
The reduction in electrodermal activity has frequently been found to
persist following symptomatic improvement (Dawson et al., 1977; Iacono
et al., 1983) &and to be independent of medication (Stern et al.,
1960; Noble and Lader, 1G71; Janes and Strock, 1982; lzcono et al.,

1982).



Diagnostic subgroups of depressed patients have been
differentiated by skin conductance measures. Low skin conductance
responses of lower amplitude coupled with impaired or non-existent
habituation to stimuli are associated with psychotic or endogenous
depression (Noble and Lader, 1972; Byrne, 1975; Lapierre and Butter,
1980; Mirkin and Coppen, 1980). Significantly higher skin conductance
level and more frequent skin conductance responses of higher amplitude
are associated with agitated depression, the presence of anxiety or
the non-endogenous syndrome (Gilgerstadt and Maley, 1965; Lader and

Wing, 1969; Byrne, 1975; Toone et al., 1981; Thorell et al., 1G87).

Although @abnormal electrodermal activity is more firmly
esteablished for depression than for other psychiatric disorders (Spohn
and Patterson, 1979), the nature of this abnormality is not well
understood. Only & proportion of such patients show reduced
electrodermal activity and in particular patients subtyped es
reactive, neurotic or agitated, have been shown not to differ from
normal subjects or to have higher levels of electrodermal &activity
than controls (Lader and Wing, 19€69; Noble and Lader, 1972; Byrne,
1975; Lapierre and Butter, 1980; Mirkin and Coppen, 1980). Whilst
abnormal electrodermal activity may be regarded as a consequence of
other symptoms of the depressed state such as decreased energy levels,
fatiguibility and pyschomotor retardation, this explanation is
inconsistent with the observed persistence of the abnormality
following recovery, as well as the lack of correlation between various
clinical states and electrodermal activity measures (lacono et al.,
1982). The &absence of consistent relationships between skin

conductance variables and other measures of arousal such as heart rate



and EEG (see Christie et al., 1980; Iacono et al., 1983) also rasises
questions about the nature of the physiological mechanisms that may be

responsible for the abnormality.

There have been several interesting studies of depression in non-
patient subjects. McCarron (1973) looked at those who had an abnormal
profile on the MMPI in terms of depression ratings and compared them
with those with normal profiles, finding reduced skin conductance
responsivity in the abnormally depressed group. Gatchel &nd Proctor
(1976), again with normal subjects, took "learned helplessness" as a
model of depression and investigated the possibility that there were
physiological differences between subjects who were able or unable to
escape from aversive stimuli. They found that those who were unable
to escape had lower skin conductance levels, small skin conductance

responses, and more spontaneous skin conductance activity.

It would =appear that there 1is considerable evidence of reduced
skin conductance responsivity in retarded and endogenous depression,
but the evidence is far from unanimous: this probably reflects
difficulties in &adequate subcategorisation of depression, and argues
the need for further investigation with whet would appear to be the
potentielly useful peripheral indices of electrodermal activity. Meny
of the above studies compared depressed patients with normal subjects,
Greater deviations from normal in electrodermal activity have
generally found in patients with endogenous depression than in those
with neurotic depression., Where different types of depression have
been compared, the changes have similarly been more pronounced in

patients with endogenous depression, but it 1is not always clear
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whether these changes reflect severity or type of depression. Thus,
studying the c¢linical features associated with abnormal skin
conductance may provide some explanations for the electrodermal

abnormalities observed in depressive peztients.

Endocrine Measures

It is known that changes 1in physiological responses are
associated with fluctuastions in levels of plasma and urinary
catecholamines (MeCubbin et &l., 1983) &and plasma and urinary cortisocl
(Fredrikson et al., 1685). With the advent of radioimmunassay (RIA)
and related techniques, reliable measurements of hormones in smzll
samples have become practicable, &and endocrine research on the
mechanisms of stress response has, in turn, been stimulated (Selye,

1980) .

Catecholamine excretion rates of healthy subjects are generally
low during rest. Severe emotional stress elicits & pronounced increase
in adrenaline secretion in healthy subjects, whereas depressives tend
to have low &drenaline secretion during stress. However, there is
evidence that the cortisol secretion rate of patients suffering from
depression is elevated. Production runs as high as 30mg/day whereas it
rarely exceeds 20mg/day in normals (Depue and Kleiman, 1979). There
is, in fact, a strong relctionship between cortisol production rate
and a patient's level of anxiety &nd psychotic disorganisation. It is
therefore thought that the cortisol production rate is not simply a

stress response but a dysfunction, Plasma free cortisol levels are



higher in depression than in control psychiatric inpetients (Carrol et
al., 1976; Traskman et al., 1980; Joyce et al., 1986; Ball et al.,

1987).

Numerous reports have documented the presence of abnormalities of
the hypothalamo-pituitary~thyroid axis in & proportion of depressed
petients (e.g. Loosen and Prange, 1982; Joyce et al., 1986; Peselow
et al., 1987; Rubin et al,, 1987). Both elevated and reduced levels
of thyroid hormone have been found. Depressed patients have been shown
to have blunted responses of thyroid-stimulating hormone to
thyrotropin-releasing hormone in comparison with patients with other
psychiatric illnesses and normal controls (Kirkegszard et al., 1978;
Extein et al., 1981). The proportion of depressed patients with &
blunted thyroid-stimulating hormone response to thyrotropin-releasing
hormone has been found to vary from 25% to T70% across different
studies (Loosen and Prange, 1982). Some patients were found to have
augmented thyroid-stimulating hormone response to thyrotropin-releasing
hormone (Targum et al., 1981). Gold et al. (1980) found that patients
with wunipolar 1illnesses had blunted responses, whereas those with
bipolar illness had augmented responses; other studies have been
unable to confirm this finding (Kirkegaard et al., 1978; Linkowski et

al., 1981).

The significance of the blunting and azugmentation is as yet
unclear, but in some patients they may reflect increases and decreases
in thyroid hormone output ( Peselow et al., 1987). Hatotani et &l.
(1977) suggested that blunting may be due to reduced thyroid function.

Cn the other hand, Loosen and Prange (1982) suggested that during



depression there 1is hypersecretion of thyrotropin-releasing hormone
with & transient increase in thyroid activity, producing blunting by
negative feedback., Studies measuring levels of thyroid hormones in
depressed patients have produced conflicting results (Yamaguchi et
al., 1977; Rieneris et al., 1978). However, longitudinal studies, and
those assessing thyroid function during depressive episodes and again
after recovery, suggest that thyroid levels are high during depression
and fall on recovery (Board et al., 1957; Kirkegaard and Faber,
1981). However, free thyroxine index levels have not been shown to be
related to the blunted thyrotropin-releasing hormone test (Kirkegaard

and Faber, 1981).

Rzised cortisol levels mey cause blunting of the thyroid-
stimulating hormone response (Rubin and Poland, 1584; Poland et al.,
1985; Rubin et al., 1987). Loosen et al. (1978) found, in & small
group of depressed patients, that blunting was associated with
elevated cortisol 1levels. A study by Agren and Wide (1982) also
reported an inverse relationship between thyroid-stimulating hormone
response and cortiscl levels, but this asscciation was not confirmed
by Davis et al. (1981) and Rubin et al. (1987a). Moreover, there
appears to be no association between & positive dexamethasone
suppression test and blunting of the thyrotropin-releasing hormone

test (Rubin et &l., 1987a; Meller et al., 1G88).

Inconsistency across the studies in this area of research may be
related to a number of factors: lack of strict diagnostic criterisa,
poor definition of patient groups, possible effects of drugs (Beary et

al., 1683), physical illness in the patient groups (Brown et el.,



1976), and failure to account for the relationship between non-
suppression and certain clinical variables such &s anxiety. Early
studies reported that anxiety symptoms were particularly associated
with cortisol hypersecretion (Sachar et al., 1670). This relationship
may have been obscured in some recent studies by inclusion of
patients who were on drugs (e.g. Aggernaes et al., 1983; Joyce et
al., 1986; Peselow et al., 1687). Psychotropic drugs not only affect
endocrine function but &lso mental states (see Chapter 4 for
discussion), thus obscuring possible relationships between endocrine
status and symptom profiles. Therefore, in order to study endocrine
abnormality in depression, the issues of concurrent 1illness and
medication usage by patients should adequately be covered and patients
should casrefully be screened for physical 1illness in any future

research.
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CHAPTER 4

BENZODIAZEPINE DEPENDENCE

INTRODUCTION

Patients with anxiety states can present & difficult clinical
problem from the point of view of treatment. Because of this,
practically every psychotropic drug introduced into c¢linical practice
has been used to treat patients with anxiety states. Benzodiazepines
are among the most widely prescribed of &ll drugs (Blackwell, 1973;
Williams, 1978) &and there are many case reports of their abuse and of
physical dependence on them in high doses (Marks, 1978). Most patients
on normel therzpeutic doses are presumed to continue their medication
in order to prevent their symptoms returning. However, it has been
suggested (Hallstrom and Lader, 1981) that chronic users of
benzodiazepines might experience difficulty in stopping medication
because of the emergence of & withdrawal syndrome even after modest
dosage (Rickels et al., 1988). Thus, they continue their medications
to prevent this, Despite the growing awareness of the potenticl of
the benzodizzepines to cause dependence, it is uncertain how many

long-term users become dependent.



The chief purpose of this review is to establish a rationale for
the experimental work that 1is reported in Chapter 10. Some evidence
concerning dependence-inducing properties of the benzodiazepines will
now be presented. First, however, 1 will briefly review the present
knowledge concerning the mode of &action of these drugs.
Benzodizzepines are rapidly absorved after oral administrzation and are
extensively bound to plasma proteins. They are highly lipid-soluble
eand are rapidly distributed to various body tissues. There are two
main kinetic properties which define their clinical profile: firstly,
the possession by some compounds of pharmacologically active
metabolites, and secondly, the duration of elimination half-lives of
both parent compounds &and any active metabolites (Fulton et al.,

1981).

Mode of Action and Withdrawal Effects

The benzodiazzepines are assumed to act primarily on subcorticzl
structures, such &as the amygdale and hippocampus of the limbic system.
Specialized binding sites with & high affinity for benzodiazepines
have been identified throughout the brain (Braestrup et al., 1977;
Braestrup and Squires, 1978; Brazestrup and Nielson, 1982; Haefely,
1683; Morre et al., 1985; Costa, 1985) and the existence of an
endogenous benzodiazepine-like substance has even been postulated
(Skolinck et al., 1983; Costa et al., 1983; Costa, 1985; Petersen et
al., 1986). Biochemical data indicate that the benzodiazepines
indirectly potentiate and prolong the synaptic &actions of GABA, an

inhibitory neurotransmitter (Costa, 1980).



Although the acute effects of benzodiazepines on amine metabolism
in the Central Nervous System have been extensively investigsated,
relatively 1little is known about their chronic effects, nor is the
putative neurochemical basis of the withdrawal symtoms elucidated. The
benzodiazepines lower the turnover of both brain noradrenaline and 5-
HT probably through & primary action of GABA inhibitory mechanisms
(Corrodi et &l1., 1971). The initial sedative effects of the
benzodiazepines tend to wear off &s tolerance supervenes, and probably
result from an effect on noradrenaline mechanisms (Agarwal et al.,
1977; Braestrup and Nielsen, 1982; Haefely, 1983). The rebound phase,
seen when animals &are withdrawn from long-term benzodizzepine
administration, 1is associated with enhanced release and decreased

uptaeke of noradrenaline, dopamine and 5-HT (Rastogi e¢t al., 1978).

Although some evidence supports & neurochemical basis for
benzodiazepine withdrawal effects, the neurophysiological mechanisms
underlying benzodiazepine withdrawal symptoms in man are unknown. The
effects on monoaminergic neurones may be nonspecific and indirect,
that 1is, resulting from the benzodiazepines' primary action of
facilitating GABA transmission. Furthermore, preliminary studies
suggest that changes in benzodiazepine receptors cere insufficient to
explain the development of tolerance and dependence following chronic
treatment (Braestrup et &l., 1979; Braestrup a&and Nielsen, 1980;

Tallman, 1981).



Pharmacodynamic Actions

Effects on respiration and the cardiveascular system are slight
(Tyrer et al., 1983; Ashton, 1984; Petursson and Lader, 1984). Unlike
the barbiturates, &alcohol, &and most other sedative drugs,
benzodiazepines are not general neuronal depressant. Thus, with
increasing dosage, sedation merges into sleep, but no true generzl
anaesthesia occurs. It is not clear whether the anxiolytic effects of
benzodiazepines are separate from their sedative and hypnotic effects
or an intrinsic part of this action (Lader, 1979; Petursson and

Lader, 1984; Higgitt et al., 1985).

The pharmacodynamic profiles of action of benzodiazepines differ
somewhat, Diazepam 1s more anticonvulsant than chlordiazepoxide.
Clobazam has less effect on muscle relaxation than diazepam given in
clinicelly equel antianxiety doses, and also produces less psychomotor
impaeirment, Lorazepam seems particularly sedative and is potent in

producing amnesia after intravenous use or after large oral doses.

In sufficient dosage, all the benzodiazepines impzir psychomotor
performance and cognition (Seppala et 2al., 1980; Bond et &l., 1983;
Petursson et &al., 1983; Patat and Foulhouse, 1985; Brosan et al.,
1986). Most data stem from investigations of the residual effects of
benzodiazepines when used as hypnotics. Although impzired performance
is well known during the initiation of treatment, such decrements have
generally disappeared by the end of a week or two of repeated dosage
(Rickels et &sl., 1988). In contrast, comparatively 1little is known

about potentially adverse psychomotor effects after long-term



benzodiazepine treatment.

The Benzodiazepine Withdrawal Syndrome

The first reported incidences of benzodiazepine dependence were
in schizophrenic patients who were given high doses of diazepam for
periods of 6 weeks to 6 moths (Hollister et &al., 1961). On withdrawal
they manifested intense symptoms of fits, worsened psychosis,

sweating, twitching, insomniaz and loss of appetite.

No attempt has been made to define withdrawal syndromes with
respect to the duration of treatment, but clinically two syndromes
have been distinguished on the basis of the dosage involved (Woody et
al., 1975; Wesson and Smith, 1682). High~dose (normally 2-5 times the
normal antianxiety dose) withdrawal has been best characterised by
Hollister et al. (1961, 1963), but the literature is peppered with
single case reports (Marks, 1978; 1982). Withdrawal after therapeutic
dosage h&s now been confirmed in both laboratory and clinical studies
(Howe, 1980; Tyrer et al., 1981; Petursson and Lader, 1984; Ashton,
1984; Higgitt et al., 1985; Rickels et zl., 1988). Even with
therapeutic doses there is some evidence that a withdrawal syndrome is
found more frequently the longer the treatment, for example 6 compared

with 22 weeks (Rickels et al., 1983, 1984).

Withdrawal symptoms, summarised by Ladewig (1984), fzll into
three categories: 1) psychological symptoms of anxiety such as

epprehension, irritability, inscmnia and dysphoria; 2) bodily symptoms



of &anxiety, perticularly tremor, palpitations, sweating and severe
muscle spasms; 3) perceptual disturbances such hypersensitivity to
light, sound and touch; pains; feeling of emotion; metallic taste. The
first two categories may resemble the original anxiety, but the
withdrawal symptoms &are more severe (Ladewig, 1984). Most commonly
these symptoms subside in 5-15 days, which is not consistent with a

re-emergence of the original anxiety (Owen and Tyrer, 1983).

Studies have been performed which provide support for the
existence of benzodiazepine dependence and associated withdrawal
symptoms and control for the possibility of re-emergence of the
original complaint. Patients suffering from anxiety received
benzodiazepines or placebo for U-€& weeks. Treatment was then either
terminated abruptly or gradually. The group abruptly withdrawn from
benzodiazepines suffered anxiety that was worse than that in petients
who had been on placebo throughout (Fontaine et al., 1984; Power et
al., 1985; Rickels et al., 1988). In addition, in the former group
new symptoms also emerged. This was interpreted as indiceting a

withdrawal

Gradual withdrawsl may be followed by & milder, yet specific
syndrome which is the same whether the dosage was high or low
(Hallstrom &nd Lader, 1981). However, even with gradual withdrawal
from low doses, prolonged and bizarre responses have been described
(Ashton, 1984). Ashton emphsizes how physically ill the patients felt
and also describes azgoraphobic, panic and depressive symptoms., At
times & clinical depression may follow benzodiazepine withdrawal

(Clajide and Lader, 1985) and in some cases the psychotic reactions
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are noted to have a depressive content,

A large-sczle survey, attempting to establish the prevalence of
symptoms in the general populetion comparable to those presented by
patients withdrawn from benzodiazepines, suggested that these symptoms
occur relatively frequently as a constellation and their prevalence is
particulerly high in an anxious and depressed group (7.5%) (Merz and
Ballmer, 1983). An even higher incidence of such symptoms was reported
by Rodrigo and Williams (1986) who found that symptoms related to
perceptual hypersensitivity were reported by &an anxious group of
students (before exams) at a frequency similer to patients in
withdrawal studies. They suggested that such symptoms are non-specific

and anxiety-related.

In some ceses then re-emergence must form paert of the explanation
of benzodiszepine withdrawal symptoms. The exact timing of onset of
symptoms may, however, claerify the picture (Fontaine et &l., 1984).
Withdrewal symptoms are expected to arise from one to seven days
after stopping intake (depending on the half-life) while the re-
emergence of pre-existing anxiety would be expected in the second and
third week (Rickels et al,, 1983). Further points of differentiation
are that new symptoms could be expected in the withdrawal syndrome
and it would eventually settle without further treatment (Higgit,

1987) .
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Tolerance to the Benzodiazepines

The benzodiazepines are undoubtedly effective anxiolytics in the
short-term (Rickels et zl.,, 1988), but in spite of the extensive and
chronic usage of these drugs, their long-term anxiolytic efficacy is
still not well established. On other hand considerable circumstantial
and clinical evidence supports the view that some degree of tolerance
probably occurs to the sedative/hypnotic, anticonvulsant, muscle-
relaxant and ataxic effects of the benzodiazepines (Greenblatt and
Shader, 1978; Bond et al., 1983; Rickels et &l., 1983,1984,1985;

Tedeschi et al., 1985).

In patients who had been teking normal doses of benzodiazepines
for € months or more, tolerance was assessed by giving test doses of
diazepem (Petursson and Lader, 1984)., The responses of patients were
compared with the effects of the test dose of diszepam in normal
subjects. Subjective feelings of sedation to the diazepam were
reduced, indicating marked tolerance; and there was no tolerance in
the EEG fast wave response., In patients taking high doses of
benzodiazepines for at least one year there was marked tolerance to
the psychomotor effects of a test dose of lorazepam; little tolerance
was shown in patients taking low doses for one to eleven months
(Aranko et al., 1985). In long-term benzodiazepine users, the
anxiolytic effect, reduction of critical flicker fusion threshold and
the short-term memory impairments induced by benzodiazepines were
found to persist, whereas there was no longer any psychomotor
impeirment or sedation (Lucki et al., 1986). This suggests that

tolerance had developed to the latter effects, but not to the former.
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The experiments with patients did not permit evaluation of the
onset of tolerance, but at least in normal volunteers tolerance to
some of the effects of benzodiazepines seems to develop very rapidly.
Tolerance developed after three doses to the impairments of driving
performance seen in some tests the morning after night time
administration of nitrazepam (Laurell and Tornros, 1986). However, it
is important to note that in well controlled studies tolerance is not
invariably demonstrated across almost all performance measures. For
example, Aranko et al, (1983) found no tolerance to reaction time
errors and Petursson et al. (1983) &and Bond et al. (1983) found no
tolerance developing to performance decrements on the symbol copying
test. Brosan et al. (1986) found no tolerance to the psychomotor or
cognitive impairments &after 3 weeks of diazepam administration to

normal volnteers.

Some workers have claimed that doses of benzodiazepines
producing a given effect initially do become ineffective and that
higher doses need to be given in order to maintain anxiolysis
(Haefely, 1983). Gross (1977), for example, reported that he needed to
increase the dose of 1lorazepam after one month of administration in
order to maintain a therapeutic effect. A number of reports have been
published indicating the re-appesrance of symptoms, primarily of
enxiety, whilst patients are still tazking benzodiazepines, suggesting
tolerance development (Greenblatt and Shader, 1978; Browne, 1983;
Ashton, 1984; Allen et &l., 1985). Thus the clinical evidence for
tolerance developing to the anti-anxiety effects of benzodiazepines
following 1long-term treatment 1is not wunequivocal. The generzally

accepted conclusion, however, is that evidence of long-term efficacy



is sparse (Lader and Petursson, 1983s; Rickels et al., 1984), an
opinion which has been accepted by the Committee on the Review of
Medicines (1980) as applying to the hypnotic as well as anxiolytic

use of benzodiazepines.

The long-term effectiveness of the benzodiazepines &s anxiolytics
or hypnotics is a matter for debate. Most trials of new anxiolytics
involve the prescribing of the drug to patients for a period of two
to four weeks only (Greenblatt and Shader, 1678) &and thus do not

address the issue.

The contradiction expressed in the literature suggest that the
problem of benzodiazepine dependence 1is either rare, or 1is rarely
recognized by doctors. One reason why signs of benzodiazepine
dependence may be missed or misdiagnosed is the fact that unlike
withdrawal from opiates or alcohol, &nxiety is the cardinsl symptoms
of the benzodizzepine withdrawal syndrome (Petursson and Lader, 1984).
Moreover, the temporal reletionships of the respective syndromes are
quite different because of pharmacokinetic differences. Most of the
recent studies &nd reviews seem to agree that withdrawal symptoms may
occur from therapeutic doses of benzodizzepines, especially if the
treatment has been prolonged. Although the extent of such normel
dosage dependence 1is unknown, and even if it supervened only to a
minor degree, the extensive and chronic usage of these drugs could
mean that thousands of patients are at risk. Most reports concern
less severe, but unexpected &and unusual symptoms supervening on
cessation of treatment. An important question, therefore, is whether

abnormalities can be shown in these patients following withdrawal from
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benzodiazepines independent of their anxiety in terms of tolerance to

benzodiazepines.
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CHAPTER 5

ABNORMAL SKIN CONDUCTANCE IN DEPRESSION

INTRODUCTION

As the review in Chapter 3 indicated, a number of studies (Lader
and Wing, 1969; Byrne, 1975; Dawson et al., 1977; Lapierre and
Butter, 1980; Mirkin and Coppen, 1980; Giedke et al., 1980; Storrie
et al., 1981; Ward et al., 1983; Thorrell, 1987; Thorell et al.,
1987) have offered evidence of abnormal electrodermal activity in
depressive patients. An important question to which there remains no
clear answer 1is whether the electrodermal activity varies in different

subgroups of depressive patients.

Comparison between‘depressives and normal controls has shown that
the former generally have reduced skin conductance levels, lowered
frequencies of spontaneous skin conductance activity, reduced response
following orienting stimuli and faster habituation rates than the
latter. Thus, Lader and Wing (1969) reported significantly lower skin
conductance levels in depressive patients with psychomotor retardation
than matched normal controls. Similar findings have been reported

later in endogenous depressive patients (Byrne, 1975; Mirkin and
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Coppen, 1980; Thorell et al., 1987) defined according to the Newcastle
scale (Carney et al., 1965), in patients with primary depression
(Dawson et al., 1977; Giedke et al., 1980) according to the Criteria
of Feighner et al. (1972), in depressive patients with psychomotor
retardation (Lapierre and Butter, 1980), and in unipolar affective
disorders (Ward et al., 1983) according to the Research Diagnostic
Criteria (RDC) (Spitzer et al., 1978). However, some exceptions exist.
Unipolar depressive patients and matched normal controls did not show
any significant difference 1in skin conductance 1levels, number of
spontaneous fluctuations, or habituation rate, in an experiment on
habituation to a series of flashes (Toone et al., 1981). In agitated
(Lader and Wing, 1969; Noble and Lader, 1972) and neurotic (Byrne,
1975) depressive patients, the electrodermal activity was higher than

in normal subjects.

Contradictory findings may be explained by drug effects.
Anticholinergic, anxiolytic, or other pharmacological effects of
antidepressive drugs may be responsible for the low electrodermal
activity in some of the studies above. In other studies only some of
the patients were drug-free (Dawson et al., 1977; Giedke et al.,

1980; Ward et al., 1983; Thorell et al., 1987).

In conclusion, the indices of lower electrodermal activity in
depressive patients as compared to normal controls are quite
consistent in spite of the diverse criteria for selection of the
depressive patients, the variant control groups, the various
experimental settings, the different techniques of measurement, and

the selection and derivation of electrodermal variables. This strongly
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indicates the existence of abnormality of electrodermal activity in
groups of patients suffering from depressive disorders. However, The
precise nature of the abnormality remains controversial. Not even is
it bedevilled by problems of diagnosis, drug treatment and the current
status of the patients being investigated. The relative importance of
skin conductance variables has not yet been examined. Furthermore, the
relationship of particular diagnostic subgroups to particular aspects
of skin conductance abnormality is not known. As the review in
Chapter 3 indicated, the previous studies which approached this
question had insufficient data at their disposal in terms of sample
size, diagnostic information and the use of univariate statistical

models to permit the derivation of reliable conclusions.

The purpose of the present study was to re-examine the
significance of skin conductance abnormality in a relatively large
sample of comprehensively assessed drug-free patients with primary
depressive illnesses, using statistical methodologies different from
those that have been used 1in prior research. The use of a
standardised assessment procedure will permit the examinations of the
relationship between individual symptoms of depression and skin
conductance abnormalities as well as the relationship between skin
conductance variables and classifications of the depressed group
assessing to the reliably elicited symptoms. In the present study
discriminant function analysis was performed on a sample of 114 drug-
free subjects. This analysis not only permitted a more thorough
evaluation of multiple psychophysiological response (pattern), but
also permitted to find unique contribution of each of the skin

conductance variables to particular diagnostic subgrouping.



The specific aims of the present study were: 1) to examine the
degree of skin conductance &abnormality in depressive patients in
comparison with normal controls matched for age and sex; 2) to try to
answer the question that it is severity or diagnosis of depressive
symptoms that predicts abnormal skin conductance in depression; 3) in
particular to try to replicate findings of lower electrodermal
activity in endogenous depressive patients diagnosed according to the
Newcastle scale; U4) and to try to replicate findings of lower
electrodermal &sctivity in depressive patients with predominant

psychomotor retardation.

METHCD

Patients

The patients were admitted to the study from several sources: a
psychiatric hospital, a district generzl/teaching hospital (in-
patients, out-patients, Accident/Emergency), & psychiatric day
hospital, and directly from general practice. Cne hundred and thirty
patients were interviewed over & 2-year period; those with physical
illnesses, secondary depression, or in whom it was considered
unethical to interrupt or delay treatment were excluded from the
study. Pztients over the age of 7C were also excluded from the study.
The remaining 80 patients all net the Research Diagnostic Criteria
(RDC) for depression (Spitzer et 2l1., 1978) and were drug free for a

minimum period of one week before the investigations were carried out.
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In some patients placebo medication was given at night, and 13
patients received 10-20 mg of temazepam at night. These 13 patients
showed & very slight, non-significant trend towards lower
electrodermal ativity but their exclusion from the sample did not
change the pattern of results and patients therefore were included in

the investigation.

Of the 80 patients investigated, 8 were exluded from the study.
Five of these 8 received alternative psychiatric diagnoses on follow-
up (one schizophrenia, two schizo-affective, one anorexia nervosa and
one Pick's disease). Of the remaining 3 patients, one was found to
have @ brain tumour following CT scean, one developed pneumonia, and
one failed to complete the investigations. Only patients with primary
depression were included in the sample. These 72 patients were
classified by means of The RDC as Mzjor Depressive Disorder (54),
Probzble Major Depressive Disorder (9) and Minor Depressive Disorder
(9). There were €64 unipolar and & bipolar cases. The mean age of the
sample was 41.6 years (SD=13.7). 60% of the sample were female and
39% were inpatients., Clinical characteristics of the patients are
shown in Table 5.1. Using the Present State Examination Index of
Definition (ID) (Wing et al., 1978), 70 of the 72 patients met the
criteria of ‘caseness' (an ID of 5 br more) and the remaining 2
patients had an ID of 4. These 2 patients were excluded from the
analysis. The distribution by CATEGO classes is also shown 1in Teble

5.1.



Table 5.1. Clinical features of patients (N =70 )

Previous history
Previous episodes (mean + S.D.) 3.7+2.8
Presenting with first episode 20 (27.8)
Age of onset of first episode (mean + S.D.) 32.9 + 15.h4

Previous treatment

Tricyclic antidepressant 32 (4h4.4)
MAOIs 8 (11.1)
Benzodiazepines 27 (37.5)
ECT 6 (8.3)
CATEGO classes
Depressive psychosis 6 (8.3)
Retarded depressiom 33 (45.8)
Neurotic depression 29 (L4o.3)
Paranoia 1 (1.4)
Obsessional neurosis 1 (1.4)

The table shows the number of patients, with the percentages

in parentheses.
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Normal Controls

Fifty-three normsl controls were matched with the patients for
age and sex. The age range was 19 to 66 years with a mean age of 42
years (SDP=11.5). They were 30 femalg and 23 male volunteers who were
hospital employees consisting mainly of clerical workers and some

doctors and nurses.

CLINICAL ASSESSMENT

Present State Examination (PSE)

The PSE (Wing et &al., 1974) 1is &n interview technique which
2llows psychiatric symptoms to be elicited in a standard form and
reliably rated. Once rated the symptoms may be grouped into syndromes
giving profile of the mental state. A c¢linical classification
consistent with ICD-9 (WHO, 1978) may be derived from symptom ratings

using an objective computerised scoring system.

Hamilton Depression Scale

The Hamilton Depression Scale (Hamilton, 1967) is the most widely
used clinician-rated scale for estimating the severity of clinicsl
depression. It consists of 21 items covering mood states, sleep
disturbances, somatic symptoms, weight 1loss, rezglity disturbence,

agitation and diurnal varistion.
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Newcastle Dizgnostic Index

This scale subdivides depression into endogenous and neurotic
(Carney et al., 1965). There are two items on the diagnostic scale
which score negatively, "blames others" and "aznxiety" and eight
positive items. The items and weights used in scale were derived from
the study of 148 subjects admitted to hospital for treatment with
ECT. All peatients were interviewed in a standard way and their
response to questions previously found relevant in differentiating
endogenous and neurotic depression were recorded. Criterion diagnoses
were established within a few days of admission and patients were
allocated either to a diagnosis of definite endogenous or definite
neurotic depression. When patients' scores were plotted on the basis
of the diagnostic index & non-unimodal distribution was found. The cut
of f score for endogenous depression is set at +6 or greater and for

neurotic depression 5 or less.

Procedure

Subjects were tested after the initial interview. In patients
with extreme retardation the full interview was delayed until some
clinical improvement had taken place. Upon arrival, each subject was
informed about the details of the experiment. After verbal consent to
participate, skin conductance electrodes were applied to the left
thumb. The testing conditions were kept as standard as possible and

recordings were carried out in a sound-attennuated room.



Skin Conductance

Skin conductance was measured whilst patients were seated
comfortably in & reclining chair. This test represents an indirect
measure of palmar sweat gland activity. Skin resistance was measured
from the left thumb., A self-adhesive foam ring maintained a constant
area. Electrode jelly (0.05M sodium chloride) was applied to the skin
in the ring. A constant current of 14 amp/cm was passed through this
electrode to an earth electrode strapped on the forearm (see
photographs in Appendix 5.1 for equipment layout and electrode
placements). Skin conductance responses were amplified using an
Electronic Development skin conductance meter and recorded on a
Devices 10 channel polygraph. Skin conductance orienting responses to
14 one second 90 decible, 1000 Hz tones genersted by an Amplivox
audiometer and presented through loudspeaker at pseudo-random
intervals ranging from 15-30 seconds were measured. Skin conductance
level (SCL) was measured at the onset of each response or, if no
response occurred, at the onset of the tone. Skin conductance
responses were defined as occurring between 1 and 5 seconds after
stimulus onset. Spontaneous responses (SPONT) were those that occurred
before or at least 5 seconds after the tone. To be counted as such,
all skin conductance responses had to have a minimum amplitude of
0.05 microsiemens. Habituation (HABIT) was defined as no measurable
response to 3 successive tones. Response latencies (LAT), rise times
(RISET) and half-recovery times (RECT) were also calculated. 9 out of
the 70 subjects failed to have their skin conductance measures taken

because of equipment failure,
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RESULTS

Skin conductance in patients and matched normal controls

As Teble 5.2 illustrates, rise time, recovery time, and the
number of spontaneous fluctuations turned out to differentiate
significantly between the total depressive sample and the normal
controls., Both the latency and rise time of responses were
significantly greater for the total sample of depressive patients
(t=2.19, df=112, P<0.05 and t=3.69, df=112, P<0.0C1 respectively) then
normal controls. The recovery time following & response in the total
depressive sample was significantly longer than that of the normal
controls (t=2.14, df=112, P<0.05). The number of spontaneous
fluctuations in the total depressive sample was significantly above
that of the normal controls (t=2.37, df=112, P<0.02). There was no
significant differences between the total depressive sample and the
normal controls on the number of trials to habituation and the basal

skin conductance levels.

On thei basis of the Newcastle Diagnostic Index 32 patients (53%)
were classified as endogenous and 29 (40%) were nerotic. The mean
Newcastle score for the endogenous subgroup was 6.54 (SD=3.29) and for
the neurotic subgroup it was 3.9 (SD=1.49). The patients diagnosed as
endogenous according to the Newcastle scale had significantly lower
skin conductance levels (t=2.53, df=59, P<0.01) and fewer number of
~ spontaneous fluctuations (t=2.18, df=59, P<0.02) in their skin

conductance.



When these subgroups were compared with the normal controls, the
rise time of responses and the number of spontaneous fluctuations in
skin conductance were the only measures to show significant
differences (F=4.75, df=2,112; P<0.05 and F=7.31, df=2,112; P<0.001
respectively) (see Table 5.3). Subsequent paired comparisons were made
by Scheffe method which is the most conservative available. The
neurotic subgroup showed significantly higher rise time (P<0.05) and
increased frequencies of spontaneous skin conductance fluctuation
(P<0.01) as compared with normal controls. There was, however, no
significant difference between the endogenous depressives and the

normazl control group on any of these measures.

Relationship between skin conductance variables

Table 5.2 shows the mean levels of the skin conductance variabtles
for depressive patients and normal controls. Pooled within-group
correlations among the skin conductance variables are shown in Tzble

5.4,

Cf the fifteen correlations, nine showed statistical significance
at alpha=0.01 when tested individually. Latency was positively
correlated with rise time (r=0.52, df=112, P<0.01) and recovery time
(r=0.34, df=112, P<0.01) and negatively with the number of spontaneous
fluctuations (r=-0.38, df=112, P<0.01). Rise time was positively
correlated with recovery time (r=0.49, df=112, P<0.C1) and negatively
correlated with number of spontaneous fluctuations (r=-0.41, df=112,

P<0.01). There was & negative correlation between recovery time and



number of spontaneous fluctuations (r=-0.36, df=112, P<0.01). Number
of triazls to habituation was positively correlated with both skin
conductance levels and number of spontaneous fluctuations (r=0.39,
df=112, P<0.01 &and r=0.58, df=112, P<0.01 respectively); and skin
conductance levels was positively correlasted with number of

spontaneous fluctuations (r=0.39, df=112, P<0.01).

Clessification of Depression and Skin Conductance

A direct discriminant function analysis was performed using the
six skin conductance variables as predictors of membership in three
groups. Predictor variables were response latencies (LAT), rise times
(RISET), recovery times (RECT), habituation rate (HABIT), skin
conductance levels (SCL), and spontaneous fluctuations (SPCNT). Two
discriminant functions were calculated, with & combined Chi-squared
(12) = 28.72, P<0.01. After removal of the first function, there wsas
still significant discriminating power, Chi-squared (5) = 12.20,
P<0.05. The two discriminant functions accounted for 67% and 32%,
respectively, of the between-group variability. As shown in Figure
5.1, the first discriminant function maximally separates neurotic
depressives from normal controls, with endogenous group falling

between these two groups.

A loading matrix of correlations between predictor variables and
disceriminsnt functions, as seen in Table 5.4, suggests that the
primary variable in distinguishing between neurotic and control groups

(first function) 1is the number of spontaneous fluctuations., Neurotic



depressives have more spontaneous fluctuations in their responses
(mean SPONT = 9.42) than both endogenous depressives (mean SPONT =
4.,91) and normal controls (mean SPONT = 3.87). Also contributing to
discrimination between these groups are rise times and recovery times
following & response. Neurotic depressives have grezter rise time in
their responses (mean RISET = 2.25) than both endogenous depressives
(mean RISET = 1.80) and normal controls (mean RISET = 1.66).
Similarly, neurotic depressives have longer recovery rate following a
response (mean RECT = 3.57) than both endogenous depressives (mean

RECT = 2.92) and normal controls (mean RECT = 2.79).

After adjustment for all other variables, and keeping overall
alpha<0.05 for the six variables, only the number of spontaneous
fluctuations significantly separated neurotic depressives from the
other two groups (F=4.14, df=1, 108). The squared semipeartial
correlation between the grouping of neurotic depressives versus the
other two groups and the number of spontaneous fluctuations was 0.05.
Endogenous depressives showed no variable that significantly could
distinguish them from the remaining groups after adjusting for &all
other variables, with strongest variable, latency of responses,

producing F=3.89, df=1, 108, P<0.05.

Cne predictor variable had loading in excess of 0.45 in the
second discriminant function, which distinguished between the control
subjects and the other two groups. This contribution came from
recovery time following & response. Normal subjects had shorter
recovery time following a response than either of the two patient

groups, means for which have previously been cited.



After &adjustment for Type I error rate and adjustment of
variazbles for overlap with each other, only recovery time
significantly discriminated normal subjects from peatient groups
(F=4.89, df=1, 108). The squared semipartial correlation between the
grouping of normal subjects versus the other two groups and recovery

time was 0.03.

With the use of a Jjackknifed classification procedure, the
discriminant function was asble to classify 78 (68.4%) correctly of the
total sample of 114, This classification rate was achieved by
classifying & disproportionate number of cases &as neurotic
depressives. Although 33% of the subjects were neurotic, the
classification scheme, using sample proportions &as prior
probabilities, classified 84 (73.7%) of the subjects as neurotic. this
means thaet the neurotic depressives were more likely to be correctly
classified (86.1% correct classificaticons) than either the endogenous
depressives (18.4% correct classifications) or the normal subjects

(7.9% correct classifications) (see Table 5.5).

The staebility of the classification procedure was checked by a
cross-validation run. Approximately 25% of the cases were withheld
from calculation of the classification functions in this run. For the
75% of the cases from whom the functions were derived, there was &
60.5% correct classification rate. For the cross-validation cases,
58.3% were correctly classified. This indicetes a high degree of

consistency in the classification scheme.
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parenthesis)

lable 5.2. 3kin conductance measures of all the depressives compared
with normal controls. (Feans, with standard deviations in

_—

Skin conductance All depressives Controls Statistics
; (W=61) (N=53%)
Non-responders (as %) 15 2

Latency (sec.)

Rise time (secs.)

dabituation rate

lalf recovery time

2.24 (0.95)
2.64 (1.25)
313 (1.70)
7.05 (5.12)

Skin conductance levels (log microsiemens)

spontan cous fluctuations (no/min.)

8.26 (11.10)

2.79 (1.18)
717 (4.39)




Tavle Se%. Skin conductance measures ol .ndogenous and Leurotic depressives compared with normal
controls. (leans, with standard deoviations in parenthesis)

Skin cenductance Endogencus subgroup Leurotic subgroup Controls Statistics
(N=32) (N=29) (N=53)

Non-responders (as %) 10 5 2
Latency (secs.) 1.93 (0.93) 2.05 (1470) .\,.mo (0.85) F (2,112)=1.25, NS
Rise time (secs.) 1.0 (0.55) 2625 (1.98) 1.36 (0.67) F (2,112)=4.75, P <0.05
Hall recovery time 2,92 (1.25) %e15 (1.69) 2.79 (1.18) F (2,112)=0.96, NS
labituation rate 7470 (4.42) 8407 (4.51) 717 (4439) F (2,112)=0.31, NS
Skin conductance levels (log microsiemens) |

0.73 (0.34) 0.81 (0.31) 0,70 (0.22) F (2,112)=0.28, NS
Spontaneous fluctuations (no/min.)

4,91 (4.80) 8.06 (5.60) 3.87 (4.85) | F (2,112)=7.31, P <0.001




Table 5.4 Results of discriminant function analysis of skin conductance variables

Correlations of predictor

M%Mwwwmewmmﬁmcbonwos Pooled within-group correlations among predictors
. Univariate

Predictor variable ——

1 > F(2, 111)  RISET RECT HABIT 5CL SPONT
IAT -0.64 0.50 3.67 0.52 0.3h -0.05 -0.19 -0.38
RISET -0.55 0.47 h.69 0.49 -0.07 ~-0.13 -0.11
RECT 0.41 0.34 3.77 -0.17 -0.18 -0.36
HABIT 0.04 0.44 1.79 0.39 0.58
SCL -0.36 -0.21 2.89 0.39
SPONT 0.7k 0.39 5.18

Canonical R 0.26 0.18

Eigenvalue 0.07 0.03




Table 5.5. Classification rate of the cases in the discriminant

function.

Number of cases predicted into group

Group Actual

Neurotic Endogenous Controls
Neurotic 29 25 5 2
Endogenous 32 27 5 1
Conctrols 53 522 11 o

Total 114 S 21 9
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DISCUSSION

The results of this investigation support the hypothesis of
abnormal electrodermal activity in depressive patients. Over sixty
percent of the patients were found to have abnormalities in their
skin conductance in comparison with the normal controls. Significantly
higher number of spontaneous fluctuations, longer recovery rates, and
faster rise times were found in the patients responses following
orienting stimuli than normal controls. The endogenous depressive
patients defined according to the Newcastle scale were less
electrodermally active than the neurotic subgroup. The high proportion
of patients were found to be non-responders as compared to the normal

controls.,

Generally speaking, these findings are in accordance with
previous studies (Lader and Wing, 1969; Byrne, 1975; Mirkin and
Coppen, 1980; Lapierre and Butter, 1980; Ward et al., 1983), with one
exception (Toone et al., 1981). Toone and his co-workers suggested
their depressive patients may have lacked severity of symptoms
described in ealier studies. In another study (Geidke et al., 1980),
the differences in electrodermal activity between the patients and the
normal subjects were observable only during a pre-checking period but

not during the experimental period.

The present results also support previous findings (Lader and
Wing, 1969; Noble and Lader, 1971; Dawson et al., 1977; Lapierre and

Butter, 1980; Williams et al., 1985) of an association between
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abnormally low skin conductance levels and high psychomotor
retardation. In contrast to previous studies (Lader and Wing, 1969;
Noble and Lader, 1971; Williams et al., 1985), the phasic
electrodermal activity was not significantly associated with
psychomotor retardation. One explanation for the divergent results may
be that the patients in the present study were less retarded than in
other studies. This suggests that abnormally low electrodermal
activity in depressive patients may only be observable at high levels
of psychomotor retardation. Noble and Lader (1972) have also reported
that peripheral autonomic arousal may vary considerably according to

degree of retardation present,

In terms of individual skin conductance variables, there were no
significant differences between patients groups and normal controls in
terms of skin conductance levels and habituation rate. Mirkin and
Coppen (1980) also found no significant differences in skin
conductance levels and habituation rate of depressive patients in
comparison with normal controls. In the present study, however, a
large proportion of neurotic patients showed significantly increased
frequencies of spontaneous fluctuations rather than faster habituation
rate and lower skin conductance levels, which a number of workers
previously found to differentiate diagnostic subgroups of depressed
patients (e.g. Gieldke et al., 1980; Lapierre and Butter, 1980;
Storrie et al., 1981; Thorell, 1987), as the variable primarily
associated with abnormal skin conductance in these patiens. In fact,
using discriminant function analysis, only the number of spontaneous
fluctuations in skin conductance significantly identified ﬁeur‘otic

patients from normal controls., An increase in frequency of
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spontaneous fluctuations have been considered typical of anxiety,
whether viewed as a distinct syndrome (Lader and Wing, 1966; Frith et
al., 1979) or as a morbid characteristic in a mixed psychiatric
population (Spohn and Patterson, 1979). Thus, the presence of a higher
number of spontaneous fluctuations in the present study also suggests
that levels of anxiety might have separated neurotic depressives from
endogenous depressive and normal subjects, although Thorell et al.
(1987) reported that patients with reactive depression were more
likely to have abnormally lower spontaneous electrodermal activity
than normal controls. This issue, however, could be settled by looking
at the relationship of individual clinical features to skin
conductance abnormality and will be dealt with comprehensively in the

next chapter.

The index of skin conductance non-responding has been higher in
groups of depressive patients than in normal subjects in the present
as well as in other studies (Lader and Wing, 1969; Mirkin and Coppen,
1980). In the study by Lader and Wing (1969), the proportions of non-
responders were 31% in the group with psychomotor retardation, 13% in
the total depressive sample including agitated depressives, and 0%
among the normal subjects. Similar proportions were found in the
present study (15% of the patients and 2% of the normal group) and by
others (Thorell et al., 1987) (17% of 22 bipolar patients in the
depressive phase). This indicates that these patients were singularly
unaffected by external stimulation, thus reflecting a trait more than
a state of abnormality. All of the ten non-responding endogenous
patients remained non-responders throughout the experimental period.

Similar results were also reported for a group of endogenous patients
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by Noble and Lader (1971), who found no significant differences in

skin conductance levels after recovery from ECT.

Mirkin and Coppen (1980) defined non-responding differently: a
maximum of three responses to 20 stimuli. The responses did not need
to be consecutive, for which reason their proportions, 67% of the
depressive patients and 13% of the normal subjects, are not comparable

to the present study or most others (Levinson and Edelberg, 1985).

According to a review by Ohman (1981) the proportion of non-
responders among normal subjects has consistently been reported to be
small (0-12%). The results of the present study thus confirm previous
findings of both the greater proportion of non-responders among

depressive patients and the small proportion among normal subjects.

In conclusion, these findings are congruent with the observations
in previous relevant studies. Taken together, available data strongly
indicate the existence of abnormal functioning in the electrodermal
system in groups of depressive patients. Nonetheless, since only some
of these patients showed the abnormality, it is important to further
examine the clinical features of these patients and compare them with
those patients who did not show abnormalities in their skin

conductance on a number of psychiatric rating scales.
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CHAPTER 6

ABNORMAL SKIN CONDUCTANCE IN DEPRESSION:

PSYCHIATRIC CORRELATES

INTRODUCTION

In the previous chapter the results presented that strongly
support the hypothesis of abnormal electrodermal activity in
depressive patients., However, the observation that only some depressed
patients show the abnormality needs further clarification. In view of
diagnostic and predictive difficulties of classification systems and
their relationship to skin conductance abnormalities in depression, it
is important to further investigate the relationship of individual
clinical features to skin conductance abnormality. Thus, in order to
examine the relationship of individual clinical features to skin
conductance abnormality we need to compare those patients who showed
abnormalities in their skin conductance in the previous study with

those who did not on a number of psychiatric rating scales.

Current practice relies heavily on nosologies developed by the

analysis of clinical data. Although there is a disagreement as to
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whether depression is an unique entity varying along a continuum of
severity or whether discrete subgroups exist, the preponderance of
evidence favours the existence of at least one well-defined syndrome,
endogenous depression (Kendell, 1976). Although the analysis of
clinical data has been fruitful in helping to produce typologies, the
usefulness of this approach is limited and has produced mixed results.
For example, endogenous depressive patients, according to the
Newcastle scale (Carney et al., 1965), showed lower electrodermal
activity than neurotic depressive patients (Byrne, 1975; Noble and
Lader, 1972; Mirkin and Coppen, 1980; Chapter 5). On the other hand,
differences in electrodermal activity between endogenous and non-
endogenous depressive patients according to the Research Diagnostic
Criteria (RDC) (Spitzer et al., 1978), were not confirmed (Ward et
al., 1983). However, the electrodermal activity has repeatedly been
reported to be lower in the presence of psychomotor retardation in
depressive patients (Lader and Wing, 1969; Noble and Lader, 1971;
Dawson et al., 1977; Lapierre and Butter, 1980; Williams et al.,
1985). Associations found between agitation and high electrodermal
activity (Lader and Wing, 1969) were not confirmed in a later study

(Dawson et al., 1977).

Family history of psychiatric illness, and course of illness, do
not seem to bear any relationship to electrodermal activity (Lader and
Wing, 1969; Ward et al., 1983; Thorrell et al., 1987). Patients with
recurrent depression have shown lower tonic electrodermal activity
than non-recurrent (Ward et al., 1983). Age at the first depression
and duration of the present one, up to the time of investigation,

were negatively related to low skin conductance response magnitude
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while the number of previous depressions was not correlated with any
of the electrodermal variables (Ward et al., 1983; Thorrell et =zl.,
1987). However, very little is known about the significance of these

factors for the electrodermal activity in depressive patients.

Cn the whole, the relationship of abnormal electrodermal activity
to diagnostic symptoms of depressive patients is insufficiently known.
What none of the previous studies taken into consideration is the
extent to which the diagnostic symptoms are 1likely to explain the
relationship of skin conductance to the classification systems. No
study has so far investigated the clinical profiles of patients with
abnormal skin conductance 1in depression. The present study therefore
aimed to 1identify the c¢linical picture present in patients with

abnormal skin conductance in depression.

METHOD

Details of the selection of patients and the procedure of the
study are fully described in the preceding chapter (Chapter 5). Of
the 61 patients studied in Chapter 5, 41 (68%) were identified as
showing abnormal electrodermal activity were compared with those
patients who did not show any abnormality in their electrodermal
activity on & number of psychiatric scales. In differentiating
patients into "abnormal" and "non-abnormal" groups, according to the
results of skin conductance, the "abnormal'" group was defined either

as having a response higher or lower than the mesn skin conductance
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responses for the normal controls. The clinical features of the

abnormal and non-abnormsl groups are shown in Table 6.2.

Clinical Assessment

Clinical data included the Hamilton Rating Scale (Hamilton,
19€7), the Newcastle Diagnostic Index (Carney et al., 1965), and the
PSE (Wing et al., 1974). All of these scale are described fully in

Chapter 5.

Family History and Course of Illness

Information was collected on family history of depressive
episodes &and other psychiatric illness, number of prior depressions,
age at first depression, type of onset of current depression, and
duration of current depression before the investigation. Close
attention was paid to the course of illness, past history and family

history.

Statistical Analysis

The patients were grouped according to the results of the skin
conductance, and the mean levels of a number of psychiatric rating
scales were compared in these groups using one-way analysis of

variance. The associations between skin conductance variables,
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clinical features, and psychietric rating scesles were examined using
Pearson product-moment correlztions. The associations between patients
grouped according to the results of the skin conductance and the
common diagnostic classifications were examined using chi-squared
tests. The clinical features and scores on psychiatric rating scales
of peatients were compared, using one-wzy &nz2lysis of variance for
continuous variables and chi-squared tests for categorical variables.
A step-wise discriminent function analysis was carried out in an
attempt to identify the clinical features which in combination could

best identify patients with skin conductance abnormality.

RESULTS

Relationship between skin conductance and diagnostic categories

Patients were classified using & number of commonly used
classificatory systems for depression. The proportion of patients with
abnormal electrodermal activity in each category is shown in Table
6.1. When the patients were classified into major &nd minor depressive
disorder by means of The RDC there was no difference in the incidence
of abnormal and non-azbnormal electrodermal activity. The proportion of
patients with ebnormal responses was similar in patients classified as
endogenous and those classified as neurotic by the Newcastle
Diagnostic Index. The PSE classes did not distinguished between

patients with abnormal and non-azbnormal responses, although in the



Table 6.1. Patients with abnormal skin conductance in various diagnostic

sub~divisions of depression.

Patients with

abnormal response

Total no. .
of patients No. (%) Statistics
Research Diagnostic Criteria f
2
Major depressive disorder 50 28 (56 ) Chi = 2.23
Minor depressive disorder 13 1 (84.6) NS
Newcastle Diagnostic Index >
Endogenous 29 22 (53.6) Chi = 1.97
Neurotic 32 19 (51.2) NS
PSE classes
Depressive psychosis 6 5 (83.3) 5
Chi = l". 2
Retarded depression 30 23 (56.1) 9
NS
Neurotic depression 25 13 (52 )
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Table 6.2. Clinical features and scores on psychiatric rating scales of

patients with abnormal and non-abnormal skin conductance,

(Means, with standard deviations in parznthesis)

Abnormal Non-abnormal
(N = &41) (N = 20)
-
Age Lh,3 (144,1) 39,6 (13.4)
Family history of depression (%) 4z,1 3245

Age at onset of first episode
Number of previous depressions

Duration of current depression (months)

Newcastle sccre
Hamilton score

PSE score (total)

PSE syndrome score

Slowness (SL)

General Anxiety (GA)

ED

33.5 (16.5)
1.2 (1.7)

8ok (547)

58 (2.6)
21.8 (8.5)

29.3 (11.8)

1.72 (2a1)

1.97 (1.46)
1.24% (1.2)

Z2.4 (14,6)

0.5 (0.9)

5.3 (2.1)
19.2 (5.6)

24,4 (8.4)

0.55 (1.1)
1.25 (1.24)

1.05 (0.95)
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small group of patients classed as depressive psychosis 5 out of 6

patients had abnormal electrodermal activity.

Clinical features associated with abnormal skin conductance

The clinical features associated with patients with abnormal and
non-abnormal skin conductance were examined. The clinical features and
the mean scores of a number of psychiatric rating scales for abnormazl
and non-abnormal groups are shown in Table 6.2. There was no
significant age difference between the two groups, although the

patients with abnormal responses tended to be older.

The PSE syndrome score which significeantly differentiated between
abnormal and non-abnormal groups was slowness (SL) (F=8.24; df=1,59;
P<0.01), the PSE measure of retardation. The difference in score for
General Anxiety (GA), which combines free-floating anxiety, panic
attacks and observed anxiety, approached significance (F=5.16;
df=1,59; P<0.05). The scores on other PSE syndromes, including special
features of depression (ED), consisting of guilt, loss of affect,
dulled perception, did not differ between the groups (F=0.28; df=1,59;
NS). The Hzmilton score was not significantly different between the

two groups either.,

In order to determine which of the above features were most
important in identifying & peatient as abnormal in terms of skin
conductance, & step-wise discriminant function analysis was performed.

In addition to the PSE syndrome scores, the total PSE score, Hamilton



Table 6.3 . Correlations of clinical features and psychiatric rating scales with skin conductance

IAT RISET HRECT HABIT SCL SPONT
Age -0.02  -0.06 0.03 -0.02 0.08 0.13
Family history of depression -0,03 0.19 -0.04 -0.01 -0,05 0.01
Age at onset of first episode -0,08 -0.16 -0.0k -0.09 -0.27* -0.12
Number of previous depressions 0.10 -0.04 0.01 -0.02 0.05 0.07
Duration of current depression -.03 -0.14 -0.09 -0.15 -0,29*%* -0.10
Hamilton score 0.13 0.0k -0.15 -0.09 -0.13 -0.08
PSE (total score) -0.0h 0.14 -0.16 0.11 0.09 0.18
Slovmess -0.15 -0.16 -0.05 -0.01 -0.28* -0.11
. General Anxiety 0.05 0.01 0.12 -0.07 0.17 0.20
ED ~ 0.12 -0.02 0.0k 0.10 0.13 -0.07
+ p<5.05 ** pG.02 Two-tailed
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score, Newcastle score, and age were included in this anslysis. Only
the PSE syndromes of generzl anxiety and slowness were selected by
the procedure to be entered into the discriminant function. A&
jackknifed classification was performed. Slowness was entered first
and correctly classified 69% of the patients., The entry of GA into
the discriminant function improved the number of pestients by 6. The
function based on values of slowness and General Anxiety was able to
classify 71% of patients with azbnormal skin conductance (see Table

6.4),

Differences in femily history of depression were not reflected in
abnormal skin conductence. Age &t onset of the first depression (r=~
0.27, P<0.05) and durstion of the present one (r=-0.29, P<0.02) were
significantly negatively related to low skin conductance levels while
the number of previous depressions was not correlated with any of the
skin conductance variables (Table 6.3). Recurrence of depression and
type of onset of depression showed no significant relationship to
electrodermal activity. There was no significant relstionship between
PSE and Hamilton scores with any skin conductance variables (Table
6.3). However, a significant negative correlation emerged between the
PSE measure of retardation (slowness) and skin conductence levels (r=-
0.28, P<0.05).

Table e.4. Clas:ification rate of patients with abnormal
skin conductance. (N=41)

Variable Number of cases correctly classirie
Slowness 28
General Anxiety 54

GA + SL 29
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DISCUSSION

differences in the clinical profiles of depressed patients with
abnormal and non-abnormal skin conductance were examined on & number
of psychiatric rating scales in order to identify the clinical picture
present in patients with zbnormal skin conductance. There was no
significant difference between the patients with abnormal responses in
various diagnostic sub-divisions of depression. In spite of this, some
interesting results emerge which suggest that the study merits
replication., Of this population of 41 patients with zbnormal skin
conductance, 56% were classified into major and 84% into minor
depressive disorders according tc the RDC. COver 50% of patients with
endogenous features of depression tended to show abnormalities in
their skin conductance. The retarded group on the PSE classification
conteined a similar proportion. However, 52% of patients classed as
neurotic depression by the PSE &and 51% of patients classified as
neurotic by the Newcastle scale were also found to show abnormalities

in their skin conductance.

Since the present study is the first available one investigating
electrodermal activity in various diagnostic sub-groups of depression,
no comparison can be made to other results. However, attempts to
classify patients as endogenous or neurotic have produced conflicting
results especially with regard to the presence or absence of skin
conductance abnormality. Some studies have found that skin conductance
was effective in distinguishing endogenous from non-endogenous

depression (e.g. Lader and Wing, 1969; Noble and Lader, 1972; Mirkin
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and Coppen, 1980; Williams et al., 1985); however, this finding was
not confirm in other studies (e.g. Dawson et &al., 1977; Lapierre and

Butter, 1980; Ward et al., 1983).

Patients selection may be an exlanation for the discrepancies
found in different studies. In the present study it emerged that 5
out of 6 pzatients with psychotic symptomatology were abnormal in terms
of electrodermal zctivity, a similar proportion to that reported by
Williams et &l. (1985). The presence of a large number of psychotic
patients in & population under investigation could result in a greater
association between endogenous depression and skin conductance
abnormality than would occur in studies such as those of Lader and

Wing (1969) which was performed on an ocut-patient population.

The effects of medication on peatients' symptomatology must also
be taken into account in view of the fact that many studies include
patient on tricyclic antidepressants or tranquillizers. Depressed
patients treated with psychotropic drugs may experience relief from
anxiety before other symptoms of depression are alleviated. Such
patients would then be more 1likely to be classified as having
endogenous depression on the Newcastle Scale (because of the negative
loading for anxiety) than if they had remained drug-free. Because some
of these patients would show skin conductance abnormalities (as shown
in the present study), this could produce a bias towards an
association between abnormal skin conductance and endogenous
depression., It 1is possible that the present study would have
demonstrated & stronger association between anxiety and skin

conductance abnormality in depression if the 13 patients taking
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benzodiazepines at night had received placebos instead.

Other clinical data confirm previous (Lader and Wing, 1969; Ward
et al., 1983; Thorell et 2l., 1987) negative findings in depressive
patients with respect to family history of affective and other

psychiatric disorders and skin conductance.

Ward et al. (1983) found significantly lower skin conductance
levels in patients with recurrent than in non-recurrent depressive
patients. An obvious difficulty in classifying patients as recurrent
or not, is that it is impossible to know if a patient who experiences
his first or second depression will relapse in the future. Applying
the criterion of three or more prior depression, 18 patiens were
judged to be recurrent, and, consequently, the rest, 23 petients,
could not be definitely classified. Thus, the present study was not
eble to offer new evidence in this matter. The number of previous

depressions were also unrelated to abnormal skin conductance.

These results, taken in conjunction with those of previous
studies, suggest that skin conductance abnormality is not restricted
to &any particular depressive syndrome. This suggests that the
abnormality may be due to non-specific processes occurring in
depressed patients, more commonly in those patients with endogenous
symptomatology. Such processes may &slso occur in other conditions, as
skin conductance abnormality has been reported in some patients with
schizophrenia (Toone et al., 1981; Frith et &al., 1982) &and anorexia

nervosa (Calloway et al., 1983).



However, as retardation and anxiety appeared to be independent
factors discriminating abnormals from non-abnormals (as demonstrated
in the present study), it is possible to speculate that there were
two separate sub-groups of patients with skin conductence abnormality:
a predominantly anxious group, somewhat younger in age, with ealier
age of onset; and a predominantly retarded group, with later age of
onset. It is possible that these differences between the two groups
merely reflect a tendency for younger depressed petients to present
with anxiety, while older patients prese;nt with retardation. However,
the fact that later age of onset of first episode rather than older
present age was associated with retardation (as reflected in low skin
conductance level) is consistent with this, and suggests that there
may be two sub-groups of patients with skin conductance abnormalities
or, more likely two processes accounting for the abnormality within

any group of patients,

The two processes might represent quite different patterns of
autonomic nervous system dysfunction producing retardation and
agitation of autonomic a&activity. The possibility that depressed
patients who show abnormalities in their skin conductance have
different underlying autonomic abnormalities has important

implications for future research into zetiology and treztment.

The results of this study call into question the use of
electrodermal activity to identify any particular depressive syndrome
as the abnormality occurred across the currently used diagnostic
categories., These results suggest that there might be &t least two

different mechanisms, not necessarily mutuslly exclusive, accounting



for abnormal electrodermal activity in depressed patients.
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CHAPTER 7

ABNORMAL SKIN CONDUCTANCE IN DEPRESSION :

ENDOCRINE CORRELATES

INTRODUCTION

As the review in Chapter 3 indicated, changes in physiological
responses are associated with fluctuations in levels of plasma
cortisol (Fredrikson et al., 1985). With the advent of radioimmunassay
(RIA) and related techniques, reliable measurements of hormones in
small samples have become practical, and endocrine research on the
mechanisms of stress response has, in turn, been stimulated (Mason,
1975). Although many physiological variables are known to respond to
psychological stimuli, the principles that organise these responses
have remained elusive. One view is that subjective, behavioural and
physiological arousal are tightly 1linked. The electrodermal
abnormalities reported in previous chapters associated with depression
are however unlikely to be the direct consequence of psychological
changes. A more probable explanation would involve endocrine changes,
which are known to be sensitive to psychosocial events, may account

for the electrodermal abnormalities associated with depression. An
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alternative view may however be that endocrine changes related to
depression occur independently from other autonomic markers of the

disorder. The present study was designed to clarify this issue.

There are good reasons for supposing that electrodermal and
endocrine correlates of depression represent manifestations of the
same underlying pathophysiological process., Hyperactivity of the
hypothalamo-pituitary-adrenal cortical (HPA) axis, as reflected by
increased circulating cortisol concentrations, increased urine free
cortisol excretion, and cortisol resistence to dexamethasone
suppression, has been noted in a few as 25% to as many as 75% of
patients with major depressive disorders (Carroll et al., 1981; Joyce
et al., 1986; Rubin et al., 1987; Meller et al., 1988). In many of
these investigations, post-dexamethasone cortisol levels may represent
the only indication of HPA axis abnormality. Even in investigations of
single specific biologic markers, the dexamethasone suppression test
status of experimental subjects is often included as an indicator of

HPA axis function (Meller et al., 1987; Lopez et al., 1987).

The occurrence of adrenocortical hyperactivity as determined by
increased plasma cortisol concentrations and urinary cortisol
excretion has been linked to autonomic activation indexed by slowly
recovering electrodermal responses (Klorman et al., 1977; Fredrikson
et al., 1985) as well as slow rate of electrodermal habituation
(Wyatt et al., 1971; Fredrikson et al., 1985; Dimberg et al., 1986).
HPA abnormalities in depression therefore could be an explanation for
electrodermal abnormalities observed in patients with major depressive

disorders.
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Furthermore, numerous reports have documented the presence of
abnormalities of the hypothalamo-pituitary-thyroid axis in a
proportion of depressed patients (e.g. Loosen and Prange, 1982; Joyce
et al., 1986; Peselow et al., 1987). Both elevated and reduced levels
of thyroid hormone have been found. Across several studies
(Kierkegaard et al., 1978; Rieneris et al., 1978) between 25 and 70%
of depressed patients have been shown to have blunted thyroid
stimulating hormone (TSH) response to thyrotropin releasing hormone
(TRH) (Loosen and Prange, 1982). Some patients were found to have
augmented TSH responses to TRH (Targum et al., 1981). The
significance of the blunting and augmentation is as yet unclear, but
in some patients they may reflect increases and decreases in thyroid

hormone output ( Peselow et al., 1987; Rubin et al., 1987).

Sweating occurs in hyperthyroidisim (Hoffenberg, 1983) and
conversely reduction in electrodermal activity may be associated with
reduced thyroxine release. Abnormalities of the hypothalamo-pituitary-
thyroid axis observed in depression may therefore be an explanation
for skin conductance abnormalities observed in some of these patients.
The present study aimed to examine possible explanations for skin
conductance abnormalities observed in depression by assessing both
thyroid function and post-dexamethasone plasma cortisol concentration
in a group of drug-free patients with major depressive disorder. Both
univariate and multivariate statistical procedures were employed to
examine the degree of relationship between the skin conductance

variables and thyroid and adreno-cortical hormones.
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METHOD

Patients

Details concerning patient selection are described in detail in
Chapter 5. Sixty- one patients with primary depression studied in the
experiment presented in the previous chapter were used. They were 37
women and 24 men with an age range of 19 to 68 years and a mean age
of 41.6 years (SD=13.7). All patients were drug-free for 7 days or

more (apart from night sedation with benzodiazepines).

Procedure

A three-day acclimatization period was allowed for in-patients
before endocrine tests were performed, during which time the clinical
interviews took place. In patients with extreme retardation the full
interview was delayed until some clinical improvement had taken place.
On day 1 a 24-hour urine collection was taken from 11 p.m. to 11 p.m.
the next day (day 2), when 1 mg of dexamethasone was given orally at
11 p.m., and a second 24-hour urine collection started. Blood was
taken for plasma cortisols at 4 p.m. on day 3. The first 24-hour
urine was used to give the baseline cortisol production. The second
24-hour urine provided information on post-dexamethasone urinary-free
cortisol output which has been shown to be a good discriminator of

depressed from non-depressed patients (Carroll et al., 1981). A TRH-
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test was performed on day 4 or 5. Skin conductance was measured

whilst patients were seated comfortably in a reclining in a sound-

attenuated room at least 3 days after the intial interview.

Skin Conductance

Skin conductance was monitored as described fully in Chapter 5.
Skin conductance orienting responses to a series of auditory stimuli
were recorded. Skin conductance levels (SCL), habituation rate
(HABIT), number of spontaneous fluctuations (SPONT), response

latencies (LAT), rise times (RISET) and recovery times (RECT) were

calculated,

Hormone Assays

The TRH test was performed 4 or 5 days following patients'
initial interview. An intravenous butterfly needle was inserted at
around 8.15 a.m. following an overnight fast and an initial blood
sample was taken 15 minutes after insertion. A baseline blood sample
was taken half an hour later and 400 mg TRH (Roche) was infused over
a one-minute period. Further blood samples were taken at 20 and 60
minutes after TRH administration. The test failed on 4 patients
because of problems with the intravenous line. Serum thyroxine (T4)
and triodothyronine (T3) were measured in the baseline sample by
Radioimmunoassay using the RIA-UK kit. The free thyroxine index (FTI)

was calculated by multiplying T4 and T3 and dividing by 100. TSH was
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measured in duplicate by double-antibody RIA technique using Amerlex

TSH RIA kit. The inter-assay coeffient of variation was 3.2%.

Cortisol in plasma and urine were measured in duplicate using a
double-antibody RIA method (Amerlex Cortisol RIA kit). The coefficient
of variation for repeated assays was 4.4%. The normal range for 24-
hour urinary-free cortisols using this method is 35-120 ug/ 24 hours,
although the upper range for this laboratory is taken as 130 ug/ 24

hours.

Statistical Analysis

Univariate and multivariate correlational analyses were conducted
on the combined set of skin conductance and thyroid hormones.
Univariate Pearson product-moment correlation coefficients were
obtained. Canonical correlational analysis was then conducted to
determine the maximum correlations between the set of skin conductance
variables and the set of thyroid and adreno-cortical hormone

indicators.

In presenting the findings of this analysis I have chosen to
focus on two aspects of the canonical analysis., First, the structure
coefficients were examined to gain an appreciation of the dimensions.
Under circumstances in which a simple causal ordering 1is
inappropriate, the structure coefficients provide a means of coping
with the multicollinearity problem. That is, the focus of the analysis

is removed from the necessarily unstable (in the sense of "bouncing
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betas") canonical weights which reflect the unique or partial
relationships. Instead, the analysis proceeds by describing the
dimensions in terms of those variables which best describe them. Thus
the variables, instead of competing with each other for a share of
the "accounted for" variance, are employed descriptively by the
magnitude of their association with the major predictive dimensions. A
step-wise discriminant function analysis was carried out in an attempt
to identify the patients with abnormalities on the TRH and

dexamethasone tets.

RESULTS

Results of endocrine variables

Baseline T4, T3 uptake, FTI and results from the TRH-test were
obtained from all 61 patients, The mean T4 level of the patients was
11.9 n mol/l1 (SD=10.9, range 16.0-76.6). Sixteen (26.2%) patients had
FTI levels above the upper limit of 45 n mol/l (Kirsten et al.,
1981). The mean maximum response of TSH to TRH was 10.0 u U/ml

(SD=10-5, range 005-71 00) .

Plasma cortisols were estimated on all 61 patients. The mean pre-
dexamethasone 24-hour urinary-free cortisol was 158.6 ug/24 hours
(SD=77.8, range 33-378). Thirty-eight of the patients (62.2%) had a

2U4~hour secretion above the normal range (25-130 ug/24 hours). The
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mean post-dexamethasone 24-hour urinary-free cortisol was 65.4 ug/24
hours (SD=56.3, range 6-232). The mean 4 p.m. plasma cortisol was 6.2

ug/dl (SD=7.0, range 0.5-35.0).

Seventeen patients had both an abnormal dexamethasone suppression
test response and blunting of the TSH response; 14 had a blunted TSH
response with a normal dexamethasone suppression test; 12 had an
abnormal dexamethasone suppression test with normal TSH response; and
18 patients (29.5%) had normal responses on both tests. Thus, 70.5%of
patients had one or both abnormalities. There was no association
between the two abnormalities, and the presence of either abnormality
was not associated with any particular diagnostic group. However, 5 of

6 patients with psychotic depression had both abnormalities.

Relationship between skin conductance and thyroid activity

The results of the skin conductance and thyroid hormones are both
shown in Table 7.1. Product-moment correlation coefficients were
computed between all thyroid and all skin conductance variables shown
in Table 7.1 and the coefficients obtained are presented in Table
7.2. As this table illustrates, there were modest but significant
correlations between measures of thyroid functioning and electrodermal

activity.

There was a significant correlation between basal 1levels of
thyroid hormone and skin conductance 1levels, Indices of TSH response
to TRH (max TSH and log area under the response curve) did not

correlate with basal skin conductance level but did correlate with
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recovery time following a response., Increased basal TSH levels were
negatively correlated with the number of spontaneous fluctuations.
Other indices yielded insignificant correlations although there was a
trend for TSH responses also to correlate with rise time. Examination
of scatter plots revealed that the significant associations
represented genuine 1linear relationships rather than associations

attributable largely to the presence of outliers.

A canonical correlation analysis was performed between the skin
conductance and endocrine sets of variables, With all five canonical
correlations included, Chi-squared = 44,45, df = 30, P<0.05. With the
first canonical variate pair removed, Chi-squared was not significant:
Chi-squared = 18.02, df = 20, NS. Therefore, the first canonical
correlation accounts for the significant linkage between the two sets

of variables,

The canonical correlation was 0.49, representing 24% overlapping
variance between the pair of canonical variates. Analyses of the pair
of canonical variates that accomapny the canonical correlations appear
in Table 7.3. Shown in the table are correlations between the
variables and the canonical variates, standardized canonical variate
coefficients, within-set variance accounted for by the canonical
variates (percent of variance), redundancies, and canonical
correlation and eigenvalue. The percent of variance and redundancy
indicate the canonical analysis is more efficient for the second set

of variables,



Table 7.1. Skin conductance and thyroid hormone measurements of
depressed patients (N=61, there were 4 skin conductance

non-responders in this group).

Measurements Mean (SD)

Skin conductance

LAT (secs.) 2.28 (0.62)
RISET (secs.) 2.41 (1,26)
RECT (secs.) 3.53 (1.81)
HABIT 7.05 (5.12)
SCL (log microsiemens) 0.79 (0430)
SPONT (no/min.) 8e40 (12.17)

Thyroid hormone

T4 levels (nmol/L) 11492 (3.77)
FTI (nmol/L) 38,98 (11.25)
Basal TSH (uU/ml) 2.39 (3.01)
Max TSH (pU/ml) 10.2% (10.89)

Log area 1.6k (0.33)
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Table 7 «2. Product-moment correlation coefficients between skin

conductance measures and thyroid function test scores in

depressed patients (Number of subjects in parenthesis).

T4 FTI Basal TSH Max TSH Log area

LAT ~0.07(46) =0416(46) 0617(47) 0e19(47) 0e23(47)
- RISET =0.07(46) =0.17(46) 0.07(47) 0623(47) 0.28(47)*
RECT =0e13(40) =0e22(41) 0.21(41) Co40(H1)**  0.31(41)*
HABIT 0e10(60) 0616(60) =0421(61) = 0,09(61) -0,09(61)
SCL 0e33(55)** 0.29(55)* 0424(55) =0.07(55) -0.08(55)
SPONT 0.08(60) 0e15(60) =0.27(61)* =0.12(61) -0e12(61)

* P <0.05 ** p<0.01 Two-Tailed
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Table 7.3. Canonical correlation between the endocrine and skin

conductance sets of variables (N=61).

Canonical variate

Variables Correlation Coefficient

Endocrine set
Max TSH 0.82 1,06
Log area 0.63 -0e393
FTI -0.16 ~0.22
T4 0.11 0.18
Basal TSH -0.02 ~0,03
% of variance 0.23
Redundancy 0.05

Skin conductance set
RECT 0.86 0.87
RISET 0458 0.53
SPONT -0.41 0.38
HABIT -0.39 -0430
LAT 0436 -0e12
SCL 0e35 0.53
% of variance 0.27
Redundancy 0.06
Canonical correlation 0.%49

Eigenvalue 0.24




Table 7.4. Skin conductance of patients with normal (N=33) and abnormal (N=28)

post-dexamethasone responses

Skkin conductance Normal Abnormal Statistics
AT 1.90 (0;159) 2.28 (0.98) t=2.15, p£0.05
RISET 1.66 (0.66) 2.41 (1.26) £=3.89, p<0.001
HRECT 2.68 (1.20) 3.53 (1.81) t=2.54, p<0.02
HAB 8.07 (4.51) 7.88 (4.47) t=-0.92, NS

SCL 0.83 (0.22) 0.79 (0.30) t=1.80, uS

SPCNT 4,78 (4.18) 8.46 (12.17) t=2.57, p@.oa
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With a cut-off correlation of 0.4 for interpretation, the
variables relevant to the first canonical variate in the endocrine set
were, 1in order of magnitude, max. TSH and log area under response
curve,., Among the skin conductance variables, RECT, RISET, and SPONT
were relevant to the canonical variate. Taken as a pair, the
canonical variates indicate that patients with higher levels of TSH
response to TRH (Max TSH = 0.82 and log area = 0.63) also tend to
have a 1longer recovery time (0.86) and faster rise time (0.58)
following a response, but a relatively lower number of spontaneous

fluctuations in their skin conductance (-0.41).

In order to determine whether those patients identified as having
abnormal skin conductance in Chapter 5 had thyroid function
abnormalities, a step-wise discriminant function analysis was
performed. All the thyroid hormones variables included in this
analysis. Only two variables, max TSH and FTI, were selected by the
procedure to be entered into the discriminant function. A jackknifed
calssification was performed. TSH was entered first and correctly
classified U47.9% of the patients. The entry of FTI into the
discriminant function did not improve the number of patients correctly
classified. However, there was a highly significant correlation

between the TSH response and FTI (r=-0.33, P<0.001).

Relationship between skin conductance and plasma cortisol

The patients were grouped according to the results of the post-

dexamethasone plasma cortisol levels, and the mean levels of a number



127

of skin conductance variables were compared in these groups using
Student's t-test. The mean plasma cortisol was 6.2 ug/dl (SD = 7.0).
Using the 50 ng/ml cut-off point for a post-dexamethasone cortisol
level (Carroll et al., 1981), 28 (45.7%) were classified as having
abnormal responses and 33 (54.3%) had normal responses., Table 7.4

shows the mean values for the two groups.

As Table 7.4 illustrates, latency, rise-time, recovery-time and
the number of spontaneous fluctuations in the skin conductance turned
out to differentiate significantly between the two groups. Both the
average latency and rise-time following a response were significantly
greater for the patients with abnormal post-dexamethasone cortisol
level (t=2.15, df=59, P<0.05 and t=3.89, df=59, P<0.001 respectively).
The average recovery-time following a response in the abnormal group
was significantly longer than that in the normal group (t=2.54, df=59,
P<0.02). The average number of spontaneous fluctuations in the
patients with abnormal post-dexamethasone cortisol responses was
significantly above that of the patients with normal responses
(t=2.57, df=59, P<0.02). There were no significant differences between
the two groups on the average number of trials to habituation and the

basal skin conductance levels.

In order to determine which of the skin conductance variables
were most important in identifying a patient as either a 'abnormal'
or a 'non-abnormal', a step-wise discriminant function analysis was
performed. All the variables were included in this analysis. Two
variables __ recovery time and the number of spontaneous fluctuations

were selected by the procedure to be entered into the discriminant
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function. Using a Jjackknifed classification procedure, the
discriminant function was able to identify 62.9% of the patients with

abnormal responses on the dexamethasone test.

DISCUSSION

The present study produced some evidence in support of the view
that abnormalities of thyroid activity may be responsible for
previously observed abnormalities in electrodermal activity 1in
depressed patients. The significant correlations between thyroxine
level, free thyroxine index and skin conductance level indicate that
reduction in thyroid activity is associated with the reduced tonic
skin conductance that has been reported in the 1literature (e.g.
Storrie et al., 1981; Iacono et al., 1983). Likewise, in some
patients there may be increased tonic skin conductance associated with
increased thyroid activity. The association was only slightly reduced
for FTI compared with T4 indicating that the relationship holds even
when thyroid level 1is adjusted for differences in thyroid binding
proteins. The TRH test results correlated better with measures of the
orienting response rather than basal skin conductance levels, patients
with greater responses to TRH showing a significantly longer recovery
time and somewhat slower rise times. This indicates that subjects with
augmented responses (who may be subclinically hypothyroid) show slow
recovery whereas subjects with blunted responses (who generally had

raised levels of thyroid hormones) manifested faster recovery rates.
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These results are consistent with a direct relationship between
skin conductance levels and thyroid hormone 1levels. Although it is
unlikely that these hormones directly affect the sympathetic nervous
system activity, there mey be a number of related mechanisms to
explain the association that have been observed in this study.
Williams (1981) suggested that thyroid hormones might have effects
separate from but similar and additive to those of the catecholamines
(Levey, 1976) or might enhance tissue sensitivity to circulating

catecholamines (Landsberg, 1977).

It was found that about a quarter of the total group of patients
had elevated levels of circulating thyroid hormone; a number of these
patients, although not clinically hyperthyroid, had levels which were
clearly in the hyperthyroid range. Some studies have suggested that
stress, especially if prolonged, leads to increased output of thyroid
hormones (Mason, 1975). It 1is possible that, in some depressed
patients, elevated levels of thyroid hormones may be part of a stress
response, producing a sub-clinical hyperthyroid state. The present
finding that patients with increased TSH response to TRH had 1longer
recovery rates and higher rise time in their responses would support
this. Moreover, the finding of an inverse relationship between the
number of spontaneous fluctuations and TSH response to TRH suggests
that abnormalities of spontaneous electrodermal activity in depression
may be due to increased output of thyroid hormones with negative

feedback operating at the level of the thyroid gland.

However, not all patients with abnormal electrodermal responses

had higher FTI scores. An alternative mechanism such as pituitary
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gland dysfunction, with failure of normal TSH stimulation by TRH, may
be responsible for the observed abnormality in these patients. The two
processes would not necessarily be mutually exclusive. Six of the
patients, all women, showed increased spontaneous electrodermal
responses., These patients had lower 1levels of circulating thyroid
hormones, with lower FTI values, than patients with normal responses
on the TRH test. They did not, however, have elevated basal TSH
values. It may be that there is a sub-group of depressed patients,
usually women, who are mildly hypothyroid. It is of interest that,
whereas most studies find relatively high levels of thyroid hormones
during depression, one of the few studies to show that depressed
patients had lower mean levels of thyroid hormone was that of
Rieneris et al. (1978), in which all the patients were women. It is
possible that there may be a sub-clinically hypothyroid group of
female patients with low thyroid 1levels, normal basal TSH levels but

increased spontaneous electrodermal activity.

The results of post-dexamethasone cortisol 1level point to the
wide incidence of HPA axis abnormalities among depressive patients at
least in terms of some of the skin conductance variables. There were
increases in 1latency, rise time, recovery time and the number of
spontaneous fluctuations in patients with abnormal post-dexamethasone
responses., Similarly, hyperactivity of HPA axis as reflected in high
plasma cortisol 1levels has been related to slowly recovering rate in
skin conductance responses (Klorman et al., 1977; Fredrikson et al.,
1985). Furthermore, an association between abnormal post-dexamethasone
cortisol responses and the number of spontaneous skin conductance

fluctuations found in the present study, may suggest the presence of
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anxiety in this group of patients with abnormal post-dexamethasone
responses, Longitudinal studies on depressed patients have also found
that changes in cortisol levels are related to changes in features,

such as anxiety (Sachar, 1967).

The positive relationship between the number of spontaneous
fluctuations and the post-dexamethasone cortisol measures in these
patients calls to mind the early hypothesis that increased HPA
activity occurs in depression is related to the subjective dysphoria
and 'felt' anxiety that depressive patients experience (Rubin and
Mandell, 1966). However, subsequent findings that increased HPA
activity occurs in retarded (Joyce et al., 1986) as well as in
agitated (Meller et al., 1987) depressives and that the greatest
relative increase in HPA activity in depression occurs during the
hours of sleep shifted the focus away from a non-specific, stress-
mediated activation of the HPA axis to more specific neurotransmitter
hypotheses which could account for both the symptomatology and the

hormone disturbance (Rubin et al., 1987).

The present results have implications for previous assessments of
the importance of electrodermal abnormality in depression. Although
the present research was not able to show that all the measures of
electrodermal activity which have in the past been demonstrated to be
abnormal in depression significantly correlated with thyroid and
adreno~-cortical activity (e.g. habituation rate), suggestive evidence
was produced that at least some of the previously observed
abnormalities may be attributed to thyroid and HPA abnormalities.

Abnormalities of thyroid and HPA axis functions are not reliably
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correlated with either severity or sub-classification of depression
(Targum et al., 1981; Rubin et al., 1987) and subjects with a family
history of depression are less likely to manifest thyroid and HPA
axis functions deficits. In that abnormalities of electrodermal
activity may be a function of thyroid activity, it is unlikely that
abnormal electrodermal activity will prove to be either a diagnostic
aid or a genetic marker for depression as a number of workers

previously hoped (e.g. Iacono et al., 1983; Ward et al., 1983).
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CHAPTER 8

LONGITUDINAL STUDY OF THE RELATIONSHIPS BETWEEN ANXIETY AND DEPRESSION

INTRODUCTION

In the three previous chapters abnormalities of electrodermal
activity were demonstrated in a group of depressed patients. It was
shown that anxiety and depressive symptomatology could be
differentiated in terms of physiological activity present in different
subtypes of depression. Neurotic depressives were found to have
significantly more spontaneous fluctuations, longer recovery rates,
and faster rise times in their responses following orienting stimuli
than both endogenous depressives and normal subjects. However, as the
study reported in Chapter 6 showed the classificatory systems for
subtypes of depression did not identify accurately those patients with
skin conductance abnormality. These findings raise the question that
while psychiatric conditions such as major depression can successfully
be discriminated by psychophysiological methods from 'normal' states,
patients within such major categories cannot be separated quite so

readily on the bases of phenomenological and physical symptoms.
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In recent years, there has been an increased emphasis in the
psychiatric literature on phenomenology in general and the process of
mood disturbance in the various disorders of affect in particular
(Roth et al., 1972; Prusoff and Klerman, 1974; Clancy et al., 1978;
Roth and Mount joy, 1982; Hamilton, 1983; Coryell et al., 1988). This
has received its impetus from attempts to construct a clinically
relevant taxonomy of the affective disorders by identifying defined
criteria to separate one disorder from another. For example, anxiety
and depressive disorders are defined by the DSM=III-R (American
Psychiatric Association, 1987) and ICD-=9 (World Health Organization,
1978) in terms of the prevailing symptoms, their intensity and their
duration (see Chapter 2). In these systems the diagnostic categories
are independent of supposed aetiology. This is difficult because of
complex symptom patterns in which there is considerable overlapping of
symptomatology between any two disorders. A particular problem arises
with distinguishing patients who do or do not have a particular form
of affective disorders. In fact there is considerable doubt if a
differential diagnosis can be made as anxiety and depression. There
are many anxious patients who present with concurrent symptoms of
depression, and many depressed patients who present with concurrent
symptoms of anxiety (Prusoff and Klerman, 1974; Johnstone et al.,

1980; Cloninger et al., 1981; Leckman et al., 1983).

Whilst frequently occurring in the same individuals, it is
possible that these two forms of manifestations of mood disturbance
represent quite distinct psychological processes. Alternatively, their
co-occurrence may r;eflect the fact that these abnormalities of mood

dynamically interact and exacerbate each other. It is the aim of this
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chapter therefore to investigate the question whether anxiety and
depression are two distinct psychological processes or are part of the
same psychological process. It is the present writers view that the
distinction between the processes can only be made in a longitudinal
investigation where the processes underlying these mood distortions

may be seen to interact dynamically.

From community surveys, the impression is gained that states of
anxiety and depression are inseparable from one another. However,
extrapolations from ordinary emotional experiences to their
pathological variants in depressed and anxious disorders are
unjustified. Even if normal states of the conditions co-exist, develop
in parallel or alternate with one another within short intervals, it
does not necessarily follow that the corresponding pathological

syndromes must be related in similar ways (Roth and Mountjoy, 1983).

How are anxiety and depression distinguished in diagnostic
practice ? Patients are diagnosed as either depressed or anxious
largely on the basis of the ratio of symptoms of depression and
anxiety (Wing et al., 1978). Symptoms mentioned by patients classed as
either depressed or anxious are often similar. The diagnostic decision
appears to be made primarily on the basis of the patient's behaviour:
the clinician makes a judgement as to the intensity of the complaint
of abnormal mood. Frequently as sadness (a symptom of depression) may
be seen as more intense than apprehension (a symptom of anxiety),
depression is diagnosed in favour of anxiety states (Mendels et al.,
1972). According to Hamilton (1983), for example, a typical depression

is easy to distinguish from an anxiety state in this way. It is only
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the anxious depressive, that is the borderline case, which causes
difficulties. There 1is evidence to suggest that the execessive
reliance on the present state of symptoms on their own may not be
helpful. Whilst this position may be applicable to the diagnosis of
more severe cases, these are relatively rare (Snaith, 1987) in the
majority of cases where the characteristic symptoms are not present in
clear form which give rise to difficulties. There is evidence to show
that a high proportion of patients with milder forms of affective
disorders show both anxiety and depression. About 95% of depressive
patients complain of psychological symptoms of anxiety. This includes
not only anxious mood but also tense feelings, inability to relax,
irritability, difficulty concentrating, etc. Somatic symptoms of
anxiety are found in 85% of depressed patients (Hamilton, 1983). This
finding is supported by Van Valkenburg et al., (1984). They examined
the validity of the anxious-depressive syndrome in a sample of 114
patients who met the diagnostic criteria for anxiety neurosis (DSM-III
panic disorder) and for depression. The groups in which there was a
mixture of anxiety and depression showed a marked similarity, with
observed differences attributed to severity. In contrast, significant
differences between the groups of anxious depressives and those with
primary anxiety or primary depressive disorder were reported for

treatment response and prognosis.,

The usefulness of the concept of mixed anxiety-depression has
been investigated for those neurotic outpatients who received
treatment for some mixture of anxious and depressive symptomatology.
Paykel (1972) provided evidence that anxious depressives need to be

distinguished from other subtypes of neurotic depressives. He showed







































































































































































































































































































































































































































































































































