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CONTENTS 1

Abstract

A paradigm was developed to experimentally investigate the dysregulation of affective

reactivity in clinical depression. The literature so far reported evidencefor three direc-

tions of dysregulation - negative potentiation, positive attenuation, and emotioncontext

insensitivity. Therefore a paradigm was designed to allow to test all three hypotheses si-

multaneously. Furthermore, to enable generalization across the specific stimuli used in the

experiment, stimuli of two sensory modalities were used - pictures and sounds. Because it

was hypothesized, that the specificity of affective reactivity of depressed patients will be es-

pecially prominent in long lasting affective situations, a categorically blockedpresentation

mode was chosen. Regarding the dependent variables, a multimethod approach was con-

ducted. Besides self-report ratings of the feeling state, startle responses, skin conductance

responses, heart rate, and the electromyogram of the corrugator andzygomatic muscle were

recorded. In a separate session, BOLD-responses during picture viewing were collected by

functional magnetic resonance imaging (fMRI). Both sessions were conducted with three

samples: a healthy student sample, a depressed outpatient sample, and a healthy age and

gender matched control sample. The results of the patient sample support an integration

of the emotion context insensitivity and the negative potentiation hypothesis. Patients re-

ported generally to feel more unpleasant and more aroused than healthy controls. Skin

conductance and startle responses were modulated by valence to a smaller degree in the

patients than in the controls. No group differences were found in the facial muscle activity.

BOLD-responses were potentiated during unpleasant compared to neutral pictures in the

patient but not in the control group in the amygdala, the insular cortex and the orbito frontal

cortex. A model to integrate these results is developed. Its central assumption is, that the

inability to respond to affective stimuli is an aversive experience and therefore leads to a

negativity bias in attention and cognition. Direction of further research andimplications for

psychotherapies are discussed.





Chapter 1

Introduction

One way to understand the significance of a clinical condition is listening to descriptions of

people who suffer from this condition. One famous person affected by depression was the

16th US president Abraham Lincoln who expressed his feelings in a veryillustrative way in

1841 (Comer, 2004):

I am now the most miserable man living. If what I feel were equally distributed

to the whole human family, there would be not one cheerful face on earth.

As the citation shows, this must be a very unfortunate and devastating state. Other

patients often use words like down-hearted, hopeless, full of despair,loss of emotions,

without reactions to any event whether it is pleasant or unpleasant. This loss of emotions

should be illustrated with the words from another patient (James, 1884):

Surrounded by all that can render life happy and agreeable, still to me thefac-

ulty of enjoyment and of feeling is wanting - both have become physical impos-

sibilities. In everything, even in the most tender caresses of my children, I find

only bitterness. I cover them with kisses, but there is something between their

lips and mine; and this horrid something is between me and all the enjoyment

of life.[...] Each of my senses, each part of my proper self, is as it were sepa-

rated from me and can no longer afford me any feeling. .[...] Every function,

every action of my life remains, but deprived of the feeling that belongs to it,

of the enjoyment that should follow.

Although at the time when this article was written, the concept of major depressive

disorder (MDD) as it is used nowadays, was not defined, it is reasonable to assume that

3
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today this patient would be diagnosed with major depression. Furthermore, this quotation

points to an aspect which is of central importance for this thesis - the bodily reactions

occurring when experiencing emotions. In his very famous article ’What isan emotion?’

(from which the quotation above is taken from) (James, 1884) proposed,that we first have a

bodily reaction and then interpret this as a feeling (e.g., we feel sorry because we cry, angry

because we strike, afraid because we tremble,...) and that there will be no feeling without

bodily sensations:

What kind of an emotion of fear would be left, if the feelings neither of quick-

ened heart beats nor of shallow breathing, neither of trembling lips nor of weak-

ened limbs, neither of goose-flesh nor of visceral stirrings, were present, it is

quite impossible to think.

Thus, bodily reactions are essential components of emotions. According toHamm,

Schupp, and Weike (2002)emotional statesconsist of 2 components: one which drives

physiological reactions and one which concerns the subjective experience of the feeling

state. They assume that the physiological changes in emotional states servean action-

preparatory aim. One can imagine, that in states of disturbed emotions, the motivation

to action is already changed. This can be seen in depression as well.

Depressed patients often describe themselves as being emotionless. The quotation of

James‘ patient cited above illustrates the misery of this (non)emotional state, which seems

hard to understand from a third person perspective. Maybe becauseof these nonemotional

states, depressed patients often describe their disorder as not comparable to any other suf-

fering (Berger, 1999).

Measuring the bodily reactions of these patients in situations when healthy people nor-

mally experience feelings may therefore help to objectify their state and improve our under-

standing of the disorder. Experimentally, this can be done by presenting affective stimuli

(e.g., pictures of sad people) while measuring various physiological parameters which are

known to be changed in emotional states compared to resting states. These changes of

psychophysiological parameters during affective stimulation are termedaffective reactivity.

There is surprisingly little empirical research on the affective reactivity in clinical de-

pression. Maybe because it seems too obvious that affective reactionsare changed in affec-

tive disorders. Therefore one may wonder whether there would be anyvaluable increase of

knowledge by doing this.

Perhaps, this fear of irrelevance to measure obvious symptoms is the reason why re-

search on depression has focused on the cognitive symptoms of this syndrome (Mathews &

MacLeod, 1994) during the last decades. This seems to be more exciting, because the asso-
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ciation of emotion and cognition is not that obvious to anybody as is the changeof affective

reactivity in a mood disorder. Another reason for the focus on cognition like memory bi-

ases and selective attention in depressed persons is that they are startingpoints for therapy,

namely cognitive behavioral therapy (Beck, 2005). The rationale of thistherapy is that by

changing the cognition of the patients, the emotions will change as well.

Another reason for the lack of research on emotion processing in depression is the de-

cline of interest in emotion research in general as a consequence of the cognitive revolution

which took place in the sixties of the last century. This process was analyzed by LeDoux

(2000). He pointed out, that since then every mental process was thought of in terms of

computer-algorithms, which seemed to be inadequate for an approach to emotions at that

time. Additionally, the neural origins of emotions seemed to be understood exhaustingly

with the limbic system theory in the early 1950. Furthermore, emotion researchers stuck to

research methods operationalizing emotions only in terms of subjective feelings. This lead

to a conceptual blind alley. IN his view, emotion research only escaped this trap, when it

borrowed concepts, methods, and approaches from cognitive domains. This process of res-

urrection was mainly made in the domain of fear by means of fear conditioning paradigms

with rats.

Unfortunately, compared to knowledge about the fear networks in the brain, the knowl-

edge about depression networks in the brain is only at its infancy at the moment. One reason

for this is, that it is less clear which discrete emotion is central to the depressive symptom.

Is it sadness? Is it loss of happiness? Are they both complementary or independent? Or

is it rather a change in quantity and not in quality? For this conceptual inconsistencies,

Keltner and Kring (1998) give an eloquent example as they refer to the literature in their

introduction as follows:

[...] psychological disorders have been linked toexcessesin emotion (e.g.,

depression, anxiety),deficits in emotion (e.g., depression, psychopathy) or a

lack of coherence among emotional response (e.g., schizophrenia).

Thus, depression was likewise linked to too much and too little of emotion. Addition-

ally they remark, that although emotional disturbances are prominent symptoms of many

psychiatric disorders, there are surprisingly few empirical studies whichactually examined

them. On the other side, disturbances in social interactions co occurring withpsychiatric

disorders enjoyed greater scientific attention. They conclude that this disparity is due to the

fact that reliable methods to measure emotions were missing.

These methods are now available. Therefore it is possible to focus on the emotional

side of depressive disorders again. This was done in the current thesis. It is hoped that the
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results, gathered by the experiments reported in this work, may help to increase knowledge

about the core features of these disorders.

In the next chapter, the current concept of major depression is introduced as well as

the knowledge about its epidemiological distribution is outlined. Then, an overview of the

research investigating affective reactivity experimentally in healthy persons is given. This

sets the stage for introducing the results of affective reactivity in major depression until now.



Chapter 2

Background

2.1 Depressive Disorders

Before reasoning about the underlying mechanisms of a psychological disorder, its ob-

servable symptoms and some figures of the frequency and circumstances of its occurrence

should be considered. Therefore in the next two chapters, diagnostic criteria and epidemio-

logical findings will be discussed.

2.1.1 Diagnosis and Classification

Although depression is a common phenomenon and everybody has some ideaof what it

means to be depressed, professionals struggled until recently to find accurate definitions for

diagnosis of this disorder.

A major problem with diagnosing and classifying depressive disorders is that they differ

rather continually in severity. Many people have few symptoms and therefore cannot be

justified to be diagnosed but only a few have many symptoms and are therefore definitely

diagnosed with depressive disorder (Bebbington, 2004). For all persons in between, the

clinical relevance of the impairment is hard to determine.

In former times an etiologically derived distinction was used which separatedendoge-

nousor melancholic fromneuroticdepression. The first was thought to be caused by bio-

logical mechanisms, the second by inadequate coping strategies. This distinction, however,

did not prove to be very useful for therapy or prognosis, because the commonalities between

the two concepts have been greater than their differences.

The current versions of the international diagnostic guidelines (DSM-IV(Diagnostic

and Statistical Manual of Mental Disorders, 4th edition) and ICD-10 (International classi-

7
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fication of disease, 10th edition) abandon etiological assumptions and rather focus on the

symptomatology presented by the patient. ICD-10 (WorldHealthOrganization,1992) uses

the severeness as defined by the number of symptoms as well as the durationand frequency

of the depressive episodes to characterize the disorder. For illustration, patients with a mild

episode are able to conduct their usual daily work but need more effortto do so. In contrast,

patients suffering from a severe episode are very restricted in their activities.

If the depressive symptoms occur for the first time, the diagnose would be major de-

pressive episode of mild/moderate/severe degree. When there have been several episodes,

the disorder is classified as recurrent depression. When a depressed period lasts for more

than two years, but was not severe, then dysthymia should be diagnosed. The most severe

depressive disorder, double depression, can be diagnosed when amajor depressive episode

is added to a dysthymic disorder. On the other end of the continuum, the concept of subsyn-

dromal symptomatic depression (SSD) is discussed for inclusion in the diagnostic manuals

(Sadek & Bona, 2000). SSD is defined by a depressed state which only shows two symp-

toms except for depressed mood and anhedonia (Judd, Rapaport, Paulus, & Brown, 1994).

Further data on the clinical relevance of this condition must to be awaited before a decision

about its appropriate status can be reached.

The requisite symptoms of depressive disorders are depressed mood and loss of interest.

Additionally, there can appear somatic (sleep disturbances, changes in appetite, psychomo-

tor changes) or cognitive (decreased concentration, memory deficits) symptoms. There

exist quite inconsistent data with regard to the frequency of each symptom. Weissman, Liv-

ingston Bruce, Leaf, Florio, and Holzer (1991) listed the frequency ofspecific symptoms.

They showed, that dysphoria and thoughts of death are the two most common, followed

by the psychophysiological complex of appetite and sleep change as well as fatigue and

cognitive deficits. In a later, cross-national study, Weissman et al. (1996) found a high pro-

portion for insomnia and loss of energy. L. Chen, Eaton, Gallo, and Nestadt (2000) reported

a proportion of 0.6 - 1.0 for depressed mood (most frequent symptom) andof 0.05 - 0.45

for slowness/restlessness (rarest symptom).

This symptomatic approach is somewhat unsatisfying. It should be regarded only as an

intermediate step for overcoming disproved ideas and the starting point for the development

of empirically based etiological models. There have already been made some attempts

to link the current diagnostic categories to etiological variables. L. Chen, Eaton, Gallo,

Nestadt, and Crum (2000) found that the number of symptoms showed the strongest associ-

ations with etiological factors. Namely, patients with severe depression weremore likely to

be female than patients with moderate or mild depression, whereas the two latter groups had

higher probabilities of stressful life events preceding the first episode of major depression.

Additionally, L. Chen, Eaton, Gallo, and Nestadt (2000) discovered a high rate of transition
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from one kind of depressive disorder to another over the course of 13 years. 16.9% of the

patients previously diagnosed with MDD alone and 18.9% of those with dysthymiashowed

double depression at the second measurement. Interestingly, 22.8% of those first diagnosed

with the subthreshold label of depressive syndrome got one of the above threshold diagnoses

at the second testing. Kessing (2007) reported data from a Scandinavian sample which also

shows that each patient has a high probability of experiencing differentforms and severities

of depressive disorder throughout lifetime.

Another approach to handle the heterogeneity of depression is the search for endophe-

notypes. A review of this topic is given by Hasler, Drevets, Manji, and Sarney (2004). The

term endophenotypewas first used by Gottesman and Shields (1973) (cited in Hasler et

al., 2004) to describe a physical condition which links the verbally describable symptoms

to a genetic variation. These physical conditions can be, for example rapideye movement

(REM) sleep abnormalities or disturbances in neurotransmitter systems. Hasler et al. (2004)

reviewed the studies showing data in support for the validity of a given biological marker

as an endophenotype. The two biological endophenotypes with highest validity rankings

were tryptophan depletion and dex/CRH test. The two psychopathological endophenotypes

with highest validity rankings were increased stress sensitivity and anhedonia. It is up to

future studies to further examine the helpfulness of these biological indicators of depressive

etiology in diagnoses and treatment planning.

2.1.2 Epidemiology

After describing the symptomatic features of MDD, its epidemiologic features willbe re-

viewed in the following chapters.

Prevalence

Besides anxiety disorders, depressive disorders are the most common psychological

disorder. Weissman et al. (1996) compared prevalences of depression in 10 different coun-

tries. The lowest (1.5%) lifetime prevalecne was found in Taiwan, the highest (19%) in

Beirut. Andrade et al. (2003) reported findings from the InternationalConsortium of Psy-

chiatric Epidemiology (ICPE) surveys which interviewed 37 000 persons in10 countries

with the standardized Composite International Diagnostic Interview (CIDI).The lifetime

prevalences ranged from 3% (Japan) to 16,9% (USA), with the majority of countries show-

ing prevalence rates between 8 - 16%.

Jonas, Brody, Roper, and Narrow (2003), using data from the National Health and Nu-

trition Examination Survey (NHANES III) and the Epidemiologic Catchment AreaStudy

(ECA), found similar lifetime prevalences in a US sample of young and middle aged (17 -
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39 years) persons. 8.6% had suffered at least one major depressive episode (MDE), 7.7%

from a severe MDE, 6.2% from dysthymia and 3.4% from double depression. Prevalences

of major depressive episodes (MDE) in recent cohorts (younger participants) were found

to be higher but MDEs were of shorter duration than in earlier cohorts (older participants)

(Andrade et al., 2003). Kessler et al. (2003) reported the 12month prevalence as evidenced

by the US National Comorbidity Survey Replication (NCS-R) study of MDD with 6.6%.

According to Comer (2004) the point-prevalence of major depression in Europe is 3 -

7% and of dysthymia 2.5 - 5.4%. C. Meyer, Rumpf, Hapke, Dilling, and John (2000) found

the life-time prevalence for depressive disorders in the general Germanpopulation to be

11.5%. A MDE occurred with a probability of 7.5%, recurrent MDE and dysthymia both

with 2.5%. A recent study conducted in primary care settings in Germany (H.-U. Wittchen

& Pittrow, 2002) found a point prevalence of depression according to ICD-10 criteria of

10,9%, of which 51% showed a chronic or recurrent course. However, only 59% of all

ICD-10 depression diagnoses were identified correctly by the physician(H.-U. Wittchen,

Höfler, & Meister, 2001). In addition, the physicians asigned a diagnosisof depression to

11.7% of participants who did not meet the ICD-10 criteria. They prescribed medication to

60.8% of the ICD-10 cases, and referred 10.1% of ICD-10 cases to mental health services.

Frequency and Length of Episodes

MDEs can range between 3 - 12 months. On average they last 6 - 8 months (Köhler,

1999). The episode length is quite stable intra-individually but differs broadly between

individuals. In later life, it is often longer and more severe. Contrary to expectation, an-

tidepressant medications do not shorten the episodes. They only reducethe intensity of the

symptoms. 20 - 30% of the patients only experience one episode in their life. The DSM-IV

manual (Saß, Wittchen, & Zaudig, 1996) reports, that about 60% show full remission after

a MDE. However, one year after the diagnosis of a MDE, 40% of the patients are still di-

agnosed with a MDE, almost 20% still have some symptoms and 5-10% follow a chronic

course. The risk for a chronic and severe course is increased, if residual symptoms persist

(R. deJong Meyer, 2006), if a comorbid alcohol or drug addiction exists, if there is a genetic

burden and social support is lacking (Berger, 1999). According to Berger (1999) in 50% of

the cases with recurrent depression, the symptoms remit within 8 weeks, andin 75% within

16 weeks.

R. deJong Meyer (2006) reports that 50-85% of depressed patients suffer from more

than one episode. Angst (1987) computed, that after the beginning of a recurrent MDE,

patients spend about 20% of their life in a depressed state. Andrade et al.(2003) as well

reported high levels of persistence. They found a 12month/lifetime prevalence ratio of 40

- 55% and a 30day/12month prevalence ratio of 45 - 65%. In a general population sample
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(Spijker, Bijl, Graaf, & Nolen, 2001, Netherlands Mental Health Survey and Incidence

Study (NEMESIS)) 28.3% of persons diagnosed with major depression were diagnosed

with this disorder again a year later.

Age at First Manifestation

The typical age for the occurrence of the first MDE is the second decade of life. Weiss-

man et al. (1996) reported findings from the Baltimore ECA study, which found the age

of 27 as the mean age of first manifestation. This differed between countries with Canada

reporting the lowest (24.8years) and Italy the highest (34.8years) ageat first manifestation.

The mean age of onset reported by L. Chen, Eaton, Gallo, Nestadt, and Crum (2000) was

28 years of age for double depression and 36 for pure dysthymia. Newer data from Andrade

et al. (2003) summarized that the early to mid-twenties are the period when the majority of

patients already got their first MDE. Only patients from Japan (late twenties)and the Czech

Republic (early thirties) are older during their first MDE. Kessler et al. (2005) found, that

the age at which 50% of their sample have already been depressed was 32years.

Essau (2002) concluded from her survey among young patients, that the frequency of

MDEs in this age has increased during recent years, whereas the likelihood to become

depressed later in life has decreased. She further states, that there is no consensus about

whether it increases again at very old age.

Gender proportion

The unequal distribution of cases of major depression among men and womenis found

in all countries of the westernized world. For the German general population, Jacobi et al.

(2004) reported the 12month prevalences for women to be 14% and for men7.5%, the life

time prevalence for women 23.3% and men 11.1%. Only at the age of 60, the proportion of

MD cases of both sexes equals each other. C. Meyer et al. (2000) reported findings from

another general population study in Germany. The life-time prevalence (18-64 years of age)

for any depressive disorder in men was 6.8%, whereas it was 16.3% forwomen.

Angst (1987) speculated, that the reason for this different frequency numbers in both

genders is that women consider the symptoms as more important, they look for treatment

earlier and they remember the symptoms better when asked during an epidemiologic survey.

However, the ECA community sample (Bogner & Gallo, 2004) did not show evidence for

the assumption that women do report more depressive symptoms than men. Further reasons

for the disproportion of depressed men and women may be hormonal influences. Evidence

for this comes from the higher female to male ratio of depression during the fertile years

compared to adolescence and late age during which the gender proportionis balanced. Ad-

ditionally, the traditional social role of women and their employment status may predispose

them to depression (Bebbington, 2004).
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Sociodemographic Variables

Kessler et al. (1994) found increased frequencies of affective disorders in persons

with low income, independent of their education level and the size of their hometown.

In addition, Kessler et al. (2005) reported that non-Hispanic whites hada higher risk for

co-morbidity than non-Hispanic blacks and Hispanics. Kessler et al. (2003) found in-

creased life-time prevalences in unemployed and disabled respondents, inthose with less

than 12years education (which contrasts to Kessler et al. (1994)) and the poor. In addi-

tion, bad living conditions in childhood (low socio-economic status of the parents, family

splitting, and frequent moves) increase the lifetime risk for MDD (Gilman, Kawachi, Fitz-

maurice, & Buka, 2003).

A frequently reported finding (Köhler, 1999) is the higher frequency among divorced

or separated couples compared to married couples. In the ECA-study divorced or separated

persons showed a twice to fourfold increased risk of major depression than married persons.

Interestingly, there is no difference in prevalence between married and widowed people.

Life Events

The frequency of critical life events has been repeatedly reported to behigher in MDD

patients than in healthy controls and even other psychiatric patient groups (Lemke &

Bauer, 2004). The depressiogenic features of these life events werefurther characterized

by Kendler, Hettema, Butera, Gardner, and Prescott (2003). They found that events of

humiliation and loss predicted onsets of MDE, whereas events of danger and loss predicted

episodes of general anxiety. Although stressful life events play a key role for the triggering

of the first MDE, in recurrent depression the occurrence of MDEs becomes increasingly

independent to the external situation (Post, 1992). Instead of severe events in the course

of recurrent depression, severe difficulties (e.g., highly tensioned marital relationships,

economic problems) become more important (Monroe, Slavich, Torres, & Gotlib, 2007).

Familial Accumulation and Genetics

The risk of becoming clinically depressed when a first grade family member is de-

pressed is doubled compared to the general population (lifetime prevalenceabout 21%). If

both parents are depressed, the risk for the children to get depressedis about 50% (Köh-

ler, 1999). If one twin of a dizygotic twin couple is depressed, the other has a probabil-

ity of 15-20% of getting depressed , whereas this probability increases to 50% if they are

monozygotic. Studies of adoptation have shown that 2.1% of biological family members

of depressed patients are depressed too, whereas the same holds true for only 0.6% of the

adoptation family members.
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Merikangas and Low (2004) summarized that a family history with cases of mood disor-

ders (especially bipolar disorder) would be the best predictor for the occurrence of a further

mood disorder. Because of this high percentage of genetic origin and no clear evidence of

the exact gene location, combination, or mechanism of heritability, the NationalInstitute of

Mental Health (NIMH) of the US has formed a work group to formulate aims andstrategies

for further research (Merikangas et al., 2002). It advocated for more interdisciplinary efforts

from the fields of genetic epidemiology, neuroscience and behavioral science. A success-

ful example of this approach is the work done by Caspi et al. (2003). They identified a

region in the serotonin transporter gene, which could account for a considerable amount of

variance in the relationship between critical life events and major depression. Therefore,

now the topic of many studies is the role of this genetic variation in the developmentand

maintenance of depressive disorders.

Comorbidity

Blazer, Kessler, McGonagle, and Swartz (1994) cite R. deJong Meyer, 2006 reported

that 56% of depressed patients are also diagnosed with a further psychiatric disorder. A

study of the world health organization (WHO, Merikangas et al., 1996, citedin Lemke &

Bauer, 2004) which collected data in 15 countries, also reported about 60% of depressed

persons having at least one additional psychiatric disorder.

Among these, anxiety and panic disorders are with 20 - 30% the most common sec-

ondary diagnosis. Andrade et al. (2003) found that in most cases, MDE occurred temporally

after the anxiety disorder, which were also good predictors for MDEs.

Frequencies of Suicidal Tendency

According to Berger (1999), 80% of depressed patients wish to die rapidly due to a se-

rious illness or accident. 15% of MDD patients ultimately die of suicide, which is a rate 30

times higher than in the normal population (Paykel, Brugha, & Fryers, 2005). Depending

upon the patient sample, 20 - 60% commit an attempt of suicide and 40 - 70% of allcom-

pleted suicides happen during a depressive disorder. Those with a somatic syndrome have

an increased risk for suicide and psychotic symptoms (Berger, 1999).
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2.2 Affective Disturbances in Clinical Depression

The late sixties and early seventies of the last century were very productive years of sci-

entific theorizing about the causes and sustentative mechanisms of depression. In this pe-

riod, Lewinsohn (1974) formulated the loss-of-reinforcement-theory,Beck (1974) devel-

oped the cognitive theory of depression and Seligman (1974) suggestedthe helplessness-

theory. These theories stimulated a lot of empirical studies until today.

Lewinsohn focused on the reduction of positive stimulation whereas Seligmanempha-

sized on an accumulation of negative experiences and Beck in contrast advanced a more

cognitive approach. He concentrated in his proposal on negative cognitive schemata and

beliefs. Derivating from these theories, affect is influenced by either an increase in negative

emotions (in the following termed ’negative potentiation’) resulting from negative thinking

(Beck) and helplessness (Seligman) or a reduction of positive emotions (termed ’positive

attenuation’ in the following) presumably caused by loss of reinforcement (Lewinsohn).

The cognitive theory of depression (Beck, 1964) states that depression arises fromneg-

ative thinkingwhich in turn emerges from negative cognitive schemata. Since its first for-

mulation, this theory has proven to be fruitful for both therapy and research (Beck, 1993)

and nowadays its concepts are used on other psychopathologies besides depression (Beck,

2005).

Lewinsohn (1974) put the concept ofresponse-contingent positive reinforcementin the

center of his theory. According to his proposal, depression develops under low rates of

response-contingent positive reinforcement. If an individual seldomexperiences enjoyable

consequences for its actions, especially pleasant social interactions, or if an individual re-

ceives positive feedback for her passivity, than a depressed state may emerge. Zeiss, Lewin-

sohn, Rohde, and Seeley (1996) confirmed central aspects of this model with a longitudinal

study. They showed, that functional impairment was a better predictor of depression in the

elderly than the physical disease status. This underlines the importance of the capacities for

self-initiated activities for the development of depression.

Another theory which also links behavior and cognition (Seligman, 1974) was origi-

nally inspired by animal studies. Seligman (1974) observed that dogs, which have been

confronted with inescapable shocks in previous trials, did not initiate shockavoiding be-

haviors in later trials even if they could. In addition, even if they successfully escaped in

one trial, they did not repeat it in the following trials. Thus they had difficultiesin learning

the new safety behavior. Seligman (1974) termed this behaviorlearned helplessness. The

behavior shown by the dogs has similarity to those shown by depressed patients. They lack

initiation of behavior which may help them end their misery, because they think that every

attempt is condemned to be unsuccessful.
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Although the hypothesis of these theories were tested empirically, most of these studies

have been conducted with healthy samples (Lara & Klein, 1999). An exception for this is

the study conducted by Lee et al. (2007). They investigated factors which differentially

affected depressive symptoms in chronic musculoskeletal pain patients. They found sup-

port for both the theories of Lewinsohn (1974) and Beck (1974). Activity interferences

and catastrophizing were associated with increased depression whereas social support was

associated with decreased depression.

With respect to affect, Beck and Seligman emphasized the increase of negative affect,

whereas Lewinsohn the decrease in positive affect. In the next chapters, the empirical ev-

idence for negative potentiation and positive attenuation in affective reactivity will be re-

viewed.

2.2.1 Negative Potentiation

Although the hypothesis of negative emotions following negative thinking is quite appeal-

ing, there is surprisingly little empirical support for increased affective reactivity to negative

stimuli in depression (Rottenberg, Gross, & Gotlib, 2005).

One mechanism which may underlie the cognition-emotion relationship and the vicious

circle of negative thinking in depression is a mood congruent bias in information processing.

This concept refers to the fact that in positive mood pleasant information isprocessed more

effectively and that in negative mood unpleasant information is preferred.

Mood congruent processing biases in depressed subjects were also found in slow wave

(SW) components of the event-related potential (ERP; Deldin, Deveney, Kim, Casas, &

Best, 2001). In this study, participants had to decide whether a letter (S2) has been part of

the adjective (S1), which was presented shortly before. S1 was presented for 1.5s followed

by an inter-stimulus-interval of 4s after which S2 was presented. Three SW components

were investigated which were interpreted to represent the following processing stages: early

phonological input operations, long-duration elaborative processesand a phonological re-

hearsal loop. The main finding was that healthy participants exhibited stronger SWs to

positive compared to negative adjectives, whereas patients with major depression showed

greater SWs to negative than to positive adjectives. However, when looking at figure4 of

this publication, it is obvious that the difference between controls and patients does not de-

rive from negative potentiation but from positive attenuation in the depressed patients. The

absolute amplitudes to negative adjectives did not differ between groups,but the amplitude

to positive adjectives was markedly reduced in MDD patients. In another study (Deveney

& Deldin, 2004), the SWs of depressed patients indicated a deficit in inhibitingnegative in-

formation. In this experiment, subjects had to judge whether a second face (S2) showed the
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same person as the first face (S1). The faces differed in their emotionalexpression as well.

The biggest group difference was found for the third component, whichis regarded as a

physiological correlate of the rehearsal loop. Whereas healthy participants showed smaller

amplitudes to negative compared to positive and neutral expressions, the SW amplitudes of

the depressed patients did not vary between the valences of the expressions. This may be a

physiological indicator of rumination on negatively toned stimuli in depressedpatients

Thus, when investigating valence biases in information processing in depression, the

results seem to dependent very much on the kind of task used in a particularstudy.

Additionally, compared to controls, depressed patients showed stronger amygdala ac-

tivation after negative compared to positive stimuli (Siegle, Steinhauer, Thase, Stenger, &

Carter, 2002). The sustained brain activity to negative words can evenpredict response

to cognitive behavior therapy (CBT, Siegle, Carter, & Thase, 2006). Those patients who

responded to CBT were those who had shown strong sustained amygdala activations to

negative words at the beginning of the therapy. The faster reduction ofamygdala activ-

ity to negative stimuli may be the neurobiological mechanism by which the decoupling of

negative thinking and depressive symptoms (Beevers & Miller, 2005) is achieved with CBT.

A differentiating factor in terms of valence bias may be the duration of the depressive

disorder. There is evidence that first episode patients are characterized by a lack of attention

to positive stimuli and patients who are suffering from a recurrent course of illness can be

characterized by a negativity bias in information processing (Nandrino, Dodin, Martin, &

Henniaux, 2004).

To conclude, there is evidence arguing for negative potentiation in information process-

ing. However, it was seldom experimentally tested if this processing bias actually leads to

potentiation of negative affect. Furthermore, it was rarely directly tested against the positive

attenuation hypothesis.

2.2.2 Positive Attenuation

Besides depressed mood, the symptom of loss of interest and pleasure (anhedonia) belongs

to the core symptoms of depression and may be its differentiating feature against other psy-

chopathological conditions. This view is supported by the tripartite model of Clark and Wat-

son (1991), which states low positive affect to be specific for depression and high arousal

specific for anxiety, but they both share general distress. Clark, Watson, and Mineka (1994)

found low positive affectivity to be specifically associated with poor prognosis of depression

whereas negative affectivity was a vulnerability factor for both anxiety and depression.
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The close relationship between depression and anhedonia was also shown in thestartle

response(Kaviani et al., 2004). It was reduced both in the highly depressed andthe highly

anhedonic group, but it was increased in the highly anxious group, which suggests that

anhedonia is expressed physiologically as flattened reactivity. However, when using ques-

tionnaire measures, anhedonia and affective flattening are found to be independent dimen-

sions (Loas, Salinas, Pierson, Guelfi, & Samuel-Lajeunesse, 1994). This may be regarded

as hint a for the partial independence of the two components of emotional states (Hamm

et al., 2002), namely physiological reactions, in this case startle amplitude, and subjective

experience, here measured with questionnaires.

Additional evidence for the positive attenuation hypothesis comes from Sloan, Strauss,

and Wisner (2001). They usedfacial expressionsas indicators for affective reactivity. De-

pressed participants reported less pleasure and arousal and showedless facial expressions

compared to healthy participants in response to pleasant stimuli. Sloan, Bradley, Dimoulas,

and Lang (2002) replicated this finding with dysphoric and non-dysphoric students. There

were no group differences in corrugator activity as a measure of experienced unpleasantness

in response to unhappy facial expressions but dysphoric students showed smaller zygomatic

activity as a measure of experienced pleasantness in response to happyfacial expressions

compared to non-dysphoric students.

Support for the positive attenuation hypothesis comes also from anERPstudy. The

strongest differences in ERP amplitudes between control and depressed participants were

found in the reaction to pleasant stimuli (Shestyuk, Deldin, Brand, & Deveney, 2005). This

view is also supported by self-report data (Dunn, Dalgleish, Lawrence, Cusack, & Ogilvie,

2004), in which the groups only differed with regard to their affective ratings given to pleas-

ant but not to unpleasant stimuli. In this study there was even some evidencefor emotion

context insensitivity (see next chapter) as the depressed patients reported sadness in re-

sponse to pleasant stimuli.

In conclusion, as in the case of negative potentiation, there is also good evidence for pos-

itive attenuation. Future studies investigating further differential variables, like age at onset

and duration of disorder, have to be awaited until a satisfying model of the disturbances in

affective reactivity in depression can be formulated.

2.2.3 Emotion Context Insensitivity

Recently, a third position of the changes in affective reactivity in depression was proposed

by Rottenberg et al. (2005). They postulate a general emotion context insensitivity to be

the core phenomenon of emotion disturbance in depression. They presented happy, sad, and

neutral stimuli to control and depressed participants. Additionally, the stimuli were either
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normative or ideographic. The sadness reports to sad stimuli showed smaller increases

compared to baseline in depressed than in controls. Thus these patients reportedreduced

sadness reactivitythan controls. Further, depressed patients experienced less happiness in

reaction to happy stimuli than did healthy controls.

In another study Rottenberg, Gross, Wilhelm, Najmi, and Gotlib (2002) foundthat,

although the likelihood of crying during the presentation of a sad stimulus did not differ

between depressed and control group in this study, crying was not accompanied by addi-

tional emotional activation indicators in the depressed group. Unlike cryingcontrols, crying

depressed patients did not show increases in skin conductance responses (SCR) and heart

rate acceleration.

Similar findings were obtained with self reports of sadness in response to sad stimuli

(Rottenberg, Kasch, Gross, & Gotlib, 2002). In comparison to healthy control subjects,

depressed patients reported increased sadness to neutral and amusingfilms. In response to

sad films however, there were no differences in sadness found between patients and con-

trols. Additionally, those patients who reported the lowest difference in sadness between

the neutral and the sad film clip, thus who had the lowest sadness reactivity, were those with

the highest severity of depression, the longest current episode of Major Depression, and the

lowest current psychosocial functional level. Furthermore, those who showed the smallest

heart rate and behavioral reactivity during the amusing movie were those with the smallest

probability of recovery six months later.

Besides valence (positive and negative) of the stimulus, the presence ofanother per-

son is a context factor to which depressed participants have shown to be less responsive

than controls (Gehricke & Shapiro, 2001). Depressed patients (Gehricke & Shapiro, 2000)

and mildly depressed participants (Gehricke & Shapiro, 2001) did not show variations in

corrugator activations between imagining sad situation solitary and accompanied, whereas

nondepressed participants showed stronger corrugator activation in the accompanied than in

the solitary condition. Of interest for the framework of emotion context insensitivity, rela-

tive to non-imagery, during imagery depressed subjects reported less sadness increases than

controls . Additionally, the difference of self-reported sadness between happy and sad im-

agery was greater for non-depressed than depressed. Furthermore, non-depressed subjects

reported more sadness during social than solitary sad imagery, whereasdepressed partici-

pants did not differ in their sadness reports to social and solitary sad situations. Emotion

context insensitivity in depressed patients was also found in the startle modulation (Dichter,

Tomarken, Shelton, & Sutton, 2004 and Kaviani et al., 2004). Furthermore, in very se-

vere cases of depression (Beck depression inventory, BDI > 30) a potentiation of the startle

response to pleasant stimuli was reported, too (Allen, Trinder, & Brennan, 1999).



2.2. AFFECTIVE DISTURBANCES IN CLINICAL DEPRESSION 19

Low emotion context sensitivity can have destructive effects on social interactions (Rot-

tenberg & Gotlib, 2004). When a person is not responding in an adequateway, the social

partner may be dissatisfied. This in turn leads to a reduction in frequency ofsocial in-

teractions and a reduction in probability of receiving positive reinforcement. The loss of

reinforcement is the central mechanism in the behavioral theory of depression proposed by

Lewinsohn (1974) (see chapter 2.2). Thus the new concept of emotion context insensitiv-

ity can be integrated with the old concept of low reinforcement to provide an integrative

socioemotional theory.

To summarize, the emotion context insensitivity hypothesis states a further plausible

assumptions of the nature of dysregulation in affective reactivity in depression and needs

further empirical testing.

However, findings which favor one of the three hypotheses may have been influenced

by other factors than the underlying nature of affective dysregulation indepression. Two

experimental parameters, namely the modality and the duration of the stimuli, may have

intriguing influences on the results and therefore may influence the conclusions about the

emotional disturbances in clinical depression. For example, depending onthe stimulus

duration, Dichter and Tomarken (2008) and Dichter et al. (2004) founddifferent directions

of affective disturbances in clinical depression. He observed positive attenuation in startle

responses during the anticipation phase, no group differences duringthe early phase of

stimulus presentation but emotion context insensitivity during the late phase of stimulus

presentation.

In the next two chapters, issues regarding experimental methods are discussed. First,

stimulus modality will be examined. Second, stimulus duration will be investigated.
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2.3 Experimental Methods of Affect Induction

In the following two chapters, the impact of two methodological issues, stimulus modality

and duration, will be discussed.

2.3.1 Stimulus Modality

In experimental emotion research, scientists have used almost every sensory modality to

provoke affective reactions in their participants.

Tactile stimulation:This modality is able to produce quite strong and reliable feelings.

If the intensity of tactile stimulation is high enough, it can even evoke pain (e.g., K. D.

Davis, Kwan, Crawley, & Mikulis, 1998), which is an important sensation linked to emo-

tions. The biggest advantage of the tactile modality is that the intensity of the stimulation

can be regulated continuously. However, it can not provoke distinct emotions and is there-

fore only useful for a restricted range of research questions.

Odors:Another very direct way, which elicits rather homogeneous reactions in different

persons, is the use of odors (Pause et al., 2003). Unfortunately, this method is very difficult

to apply because odors vanish very suddenly, must be given in the correct dosage and the

olfactory bulb needs a quite long inter-trial-interval to be ready for the next stimulation.

Pictures and Film Clips:During the last two decades, the most popular technique to

study emotions has been the use of visual media, either static pictures (e.g.,Lang, Green-

wald, Bradley, & Hamm, 1993) or short film clips (e.g.,Gross & Levenson, 1995). The

reason for this may be that it has become very easy to reliably present pictures and film

clips. In addition, the visual modality is able to process complex material with high tem-

poral resolution. Furthermore, a lot of different topics can be depictedvisually. Therefore

a wide variety of different emotions can be stimulated. Because film clips can tell a whole

story, they may be able to evoke longer lasting emotional states than static pictures. How-

ever, from the viewpoint of experimental research, the disadvantage of films is their discon-

tinuous emotional density. Although the potential for complexity in visual materialis an

advantage, it can turn to a disadvantage as well. With complexity the trade-offof possible

confounds of unequal physical features between experimental conditions increases.

Sounds and Music:Like the eyes, the ears are also able to process information with

a very fast rate. An especially interesting feature of the auditory modality in the realm of

emotion is the fact that abstract qualities can evoke emotions as seen in instrumental music

(Panksepp & Bernatzky, 2002). The specificities of the auditory modality will be further

highlighted in chapter 3.3.1.
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Words: Another approach is to use emotional words (e.g., Joormann, 2004, Bradley &

Lang, 1997). Words have the advantage, that they are processed very fast. It is possible to

investigate different stages of information processing by the use of words (e.g., attention by

the dot-probe-task, working memory by the delayed-matching-to-sample-task). However,

this method is not powerful in evoking strong feelings and therefore is notvery suitable for

affect induction.

Mental Imagery: A further elegant way to evoke emotions experimentally is to use

mentally generated instead of physical stimuli. This can be done by imagery (e.g., Lindauer

et al., 2006), memory (e.g., Cuthbert et al., 2003) or anticipation. These methods have two

outstanding advantages. First there cannot be any physical confounds like brightness or

loudness. Second they can be chosen to be personally relevant. However, there are two

serious disadvantages. First, it is difficult to control what the subject is actually thinking of.

Second, the quality and intensity can not be objectively measured and controlled.

As pointed out, every modality has its specific advantages and disadvantages. However,

they are almost never considered explicitly. For example by directly comparing the reaction

to one type of stimulus to the reaction of another type of stimulus but of the same valence or

even content. An exception of this shortcoming is the study done by Royet, Zald, Versace,

Lavenne, and Gervais (2000). These authors presented visual, auditory, and olfactory stim-

uli to their participants and asked them to make judgments about the valence of the stimuli

while brain activation was measured using positron emission tomography (PET). Emotional

olfactory and visual stimuli evoked stronger activation than auditory stimuli. Only olfactory

stimuli led to bilateral amygdala activation. This may be interpreted as olfaction having a

higher potential to elicit emotional states compared to the other two senses. Thisfinding

was also obtained with a different measurement method (Hinton & Henley, 1993). They

presented pictures, odors or words of different concepts (e.g., orange) to their subjects and

asked them to write down all upcoming associations. Participants respondedto the odors

with the highest percentage of emotional adjectives.

Evidence for modality specific emotional processing also comes from neuroanatomical

studies. It was shown in rats that the lateral nucleus of the amygdala is selectively reacting

to auditory, but not to visual conditioned stimuli (Tazumi & Okaichi, 2002). In addition,

the orbitofrontal cortex (OFC) seems to be encoding stimulus modality and complexity

along the anterior-posterior axis (Kringelbach & Rolls, 2004). Simple, tactilestimuli are

processed in the posterior part, whereas abstract stimuli like monetary reward are processed

in the anterior part.

Modality specific deviations in processing of emotional stimuli were also observed in

depressed patients. Pause et al. (2003) compared ERPs to visual and olfactory emotional
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stimuli in depressed patients. In visual ERPs, depressed participants showed deviations in

late processing levels (P3 and pSW) and in olfactory ERPs they showed abnormalities in

early processing levels (P2). This is additional evidence for differences in the processing

of affective stimuli of different modalities and the usefulness of this approach stimuli in

detecting specific disturbances in the affective reactivity in clinical depression.

Taken together there is no single best stimulus material, every stimulus modality hasad-

vantages and disadvantages and the choice should depend on the specific research question.

On the basis of the experimental and neuroanatomical evidence gathered so far it seems

promising to directly compare the affective reactivity to stimuli of different modalities.

2.3.2 Stimulus Duration

Stimulus durations in studies of emotion inducing research vary between 30ms (Öhman &

Soares, 1994) and 20min (Sutton, Davidson, Donzella, Irwin, & Dottl, 1997). These differ-

ent durations allow to study various stages of affective processing andaffective reactivity.

Although the stimuli in Öhman and Soares (1994) were not perceived consciously, pho-

bic participants showed larger skin conductance reactions to phobic material than healthy

controls. Junghöfer et al. (2006) compared picture durations of 167msand 1333ms and

found comparable activation increases for both durations in occipital cortex for high com-

pared to low arousing stimuli. Furthermore, facial expressions of happiness and sadness

presented as shortly as 500ms are able to evoke the respective feeling in the viewer (Wild,

Erb, & Bartels, 2001). In addition, 500ms-pictures are able to modulate the startle blink

magnitude and SCR even until 4s after offset (Codispoti, Bradley, & Lang, 2001). How-

ever, this short presentation times were not able to modulate heart rate. Globisch, Hamm,

Esteves, and Öhman (1999) compared the time course of startle response modulation be-

tween picture presentation durations of 150ms and 6s. They did not find differences in

startle response amplitude, magnitude of SCR, heart rate response and affective judgments

between these two slide durations. The only difference between long and short presentation

times was found for blood pressure changes. This parameter increasedmore in reaction to

long than to brief slide durations.

The stimulus duration most frequently used for picture presentation is 6s (e.g., Hawk

and Kowmas (2003)) which goes back to the seminal works of Lang et al. (1993). With this

duration, a biphasic heart rate response can be observed. The biphasic heart rate is char-

acterized by an initial deceleration which is followed by an acceleration. Similarreactions

were found in response to affective sounds of 6s (Bradley & Lang, 2000).
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On the other end of the continuum, there are studies which used whole seriesof pictures

with the same valence. The duration of these series varied between 6min (Smith,Bradley, &

Lang, 2005) and 20min (Sutton et al., 1997). These designs were used toinvestigate whether

accumulated exposure leads to sensitization (increased responses) or habituation (decreased

responses). In blocks of unpleasant pictures, Smith et al. (2005) found increases in startle

response magnitude and corrugator activity over time. Even during the 60sinter-block-

interval, the response magnitude did not return to its baseline level. Bradley,Cuthbert, and

Lang (1996) also found increases of corrugator activity over time. However, startle response

and heart rate were not dependent on duration of presentation, whereas skin conductance

decreased over time but still was elevated at the end of unpleasant blockscompared to

pleasant and neutral blocks.

Furthermore, Ritz, Dahme, and Claussen (1999) found an increase of corrugator activity

for both depressing and happy stimulus series. Heart period was shortened over the course

of the picture block. However, as shown by the data of Sutton et al. (1997), there seems to

exist a turning point after which responses decrease again. They found decreases of startle

response and corrugator activity when comparing the first 10 minutes with the second 10

minutes of the unpleasant blocks. In addition, positive affect was generally reduced after

viewing the picture sets and negative affect increased with viewing the unpleasant picture

set.

In summary, presentation duration of affective stimuli can be chosen between 30ms and

20min depending on what processes the study focuses on.

The next chapter will shortly review the literature on experimental affect induction in

clinical depression with special emphasis on stimulus modality and stimulus duration.
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2.3.3 Affect Induction in Clinical Depression

The variety of possible stimuli is also reflected in studies of affect induction indepression:

Words (Deldin et al., 2001; Elliott, Rubinsztein, Sahakian, & Dolan, 2002; Siegle et al.,

2002, 2006; Nandrino et al., 2004; Shestyuk et al., 2005); pictures ofemotional facial

expressions (Deveney & Deldin, 2004; Gotlib et al., 2004); pictures of affective scenes

(Allen et al., 1999; Sloan et al., 2001; Dichter et al., 2004; Smith et al., 2005); film clips

(Kaviani et al., 2004; Rottenberg, Gross, et al., 2002; Rottenberg et al., 2005); mental

imagery (Gehricke & Shapiro, 2000, 2001).

The studies using words concentrated on aspects of information processing (e.g., mood-

congruent processing, working memory). With respect to the direction ofthe valence bias

in depression, they found mixed results. The studies using facial expressions also examined

aspects of information processing (attentional bias and memory). In both studies, only neg-

ative facial expressions evoked different responses for depressed and healthy participants.

With the exception of Sloan et al. (2001), all studies utilizing affective pictures used the

startle response as their main dependent variable and thus were interestedin the affective

state evoked by the pictures. The presentation duration of each picture varied between 6s

(Dichter et al., 2004), 8s (Allen et al., 1999), and a blocked presentationof 12 pictures, each

presented for 6s (Smith et al., 2005). Startle probes were also given at different time points

from onset (4, 5, and 6 s after onset in Allen et al. (1999); 300, 3500, and 4500ms after onset

in Dichter et al. (2004); during the 2. and 11. picture of each block in Smith et al. (2005).

Despite the different timing, no evidence for negative potentiation in depression was found

in all three experiments, instead the data indicated emotion context insensitivity and valence

reversal of pleasant stimuli. The three studies using film clips and the two imagery studies

found evidence for context insensitivity as well.

Hence, only those studies employing methods that focused on information processing

found evidence for negative potentiation, whereas those aiming at examining affective re-

sponses got results in favor of the emotion context insensitivity hypothesis. This finding

is of great importance for the understanding of the cognitive and emotionalmechanisms

behind the observable symptoms of depression.

It seems, that the assumptions of the mutual effects of cognition and emotion oneach

other must be changed. Eithernegative thoughtsdo not seem to lead tonegative feelings,

but to insufficient situational adaptations of feelingsor thelack of feelingslead tonegative

thinking. These questions await further scientific testing in the future.

As an intermediate step, the experiments of the current thesis were designedto put the

finding of emotion context insensitivity on solid empirical grounds. The specific research

questions and expectations are formulated in the next chapter.
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Research Questions

In the present project, a setting was used in which the three hypotheses ofnegative poten-

tiation, positive attenuation, and emotion context insensitivitycould be tested against each

other. Furthermore,two stimulus types(pictures and sounds) were used to make sure that

the findings are not an artifact caused by the specific stimuli used, but generalize to different

input types.

To better understand the interwoven relationship of bodily reactions and depression,

a multi-method approachwas applied. In addition to startle responses, skin conductance

level and responses, heart rate, corrugator and zygomatic activity, self reports of momentary

affect, and BOLD-activity (Blood Oxygenation Level Dependent Signal) was measured.

Furthermore, because different findings with regard to changes in affective reactivity

were found depending on the time points of measurement (e.g., Dichter et al., 2004), a

blocked presentation modewas used to allow the development of the affective reaction over

time to be observed.

Finally, the experimental stimuli were varied with respect to their social content. Half

of the stimuli represented situations of social interactions social and half didnot. This ma-

nipulation was introduced to account for the findings of Gehricke and Shapiro (2001) who

showed that in contrast to healthy controls, depressed patients did not differentially react

to imagery in a social and a solitary situation. Thus, emotion context insensitivityseems

to generalize to other features of the context apart from valence. Rottenberg and Gotlib

(2004) also pointed out the impact of emotion context insensitivity on social relationships.

Lewinsohn (1974) underlined the role of social reinforcement in the development and main-

tenance of depression. With this background, it appeared interesting to investigate, whether

the depressed patients will differently react to social than to nonsocial stimuli in the present

paradigm.

25
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The directions of disturbances in affective reactivity have direct implications for the

therapy of depressed patients. If negative potentiation is the main disturbance, then it would

be important to train the patient to shift the focus of attention away from negative topics, if

it is positive attenuation, then the sensitivity for pleasant information should be increased

and if it is emotion context insensitivity, than general attentiveness to the emotional mean-

ing of the situation should be the aim of the therapy. If there is incoherence between the

response parameters, e.g., negative potentiation in self report but emotioncontext insen-

sitivity in startle response, this may be used for psychoeducation. For example, they feel

bad because their body is unable to get emotionally tuned to the respective situation. This

information may help to stop ruminating about their current state and get the mind free for

more productive thoughts.

In the following, the expected findings for each measure are listed for each of the three

hypotheses.

Expected findings, ifnegative potentiationis true:

• Startle amplitude:

Startlepotentiation to unpleasant stimuliwill be strongerin depressed patients than

in healthy controls.

• Heart rate:

Heart ratedeceleration to unpleasant stimuliwill be stronger in depressed patients

than in healthy controls.

• SCRs:

SCRs tounpleasant stimuliwill be stronger in depressed patients than in healthy

controls.

• Corrugator muscle:

Corrugator reactivity tounpleasant stimuliwill be strongerin depressed patients than

in healthy controls.

• Self report:

Depressed patients will reportstronger unpleasant feelingsafter unpleasant stimuli

than healthy controls.



27

• BOLD-activity:

Depressed patients will showstronger insular activationin response tounpleasant

stimulicompared to healthy controls.

Expected findings, ifpositive attenuationis true:

• Startle amplitude:

Startle inhibition to pleasant stimuliwill be weaker in depressed patients than in

healthy controls.

• Heart rate:

Heart ratedeceleration to pleasant stimuliwill be weakerin depressed patients than

in healthy controls.

• SCRs:

SCRs topleasant stimuliwill be smaller in depressed patients than in healthy con-

trols.

• Zygomatic muscle:

Zygomatic reactivity topleasant stimuliwill be weakerin depressed patients than in

healthy controls.

• Self report:

Depressed patients will reportweaker pleasant feelingsafter pleasant stimuli than

healthy controls.

• BOLD-activity:

Depressed patients will showsmaller insular activationin response topleasant

stimulicompared to healthy controls.

Expected findings, ifemotion context insensitivityis true:

• Startle amplitude:

Startle responses duringpleasant and unpleasant stimuliwill not be significantly
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differentto startle responses duringneutral materialin depressed patients.

• Heart rate:

Variation in heart rate responsewill be generallysmaller in depressed patients than

in healthy controls.

• SCRs:

SCRs toaffective stimuli will not be stronger than to neutral stimuliin depressed

patients.

• Corrugator and zygomatic muscles:

Facial musclereactivitywill be diminishedin depressed patients compared to healthy

controls.

• Self report:

Depressed patients will reportsmaller variation in valencein reaction to pleasant

and unpleasant stimuli than healthy controls.

• BOLD-activity:

Depressed patients will showsmaller differences in activation of the insular cortex

between affective and neutral stimulicompared to healthy controls.

To test these hypotheses, the same measures were obtained for healthy (experiment 1

and 2) and depressed (experiment 3 and 4) participants.



Chapter 4

Experiments

4.1 Study One: Affective reactivity in healthy students: Effects

of stimulus modality and valence

4.1.1 Background

The auditory modality seems to be especially potent to induce emotion. An example for

this is music. Although it is a highly artificial medium, which means it does not (always)

explicitly describe a semantic context to underline its emotional connotation, it can lead to

an intense and lasting mood shift in the listener. Blood and Zatorre (2001) have shown that

while listening to ones favorite music, the basal reward system (e.g., nucleusaccumbens) is

activated. Two other studies ((Baumgartner, Lutz, Schmidt, & Jäncke, 2006),(Baumgartner,

Esslen, & Jäncke, 2006)) examined the effect of classical music duringpicture presentation

on different response systems. On the subjective level, subjects reported increased emo-

tional intensities when pictures where combined with music compared to the presentation

of pictures alone. The reactivity of heart rate, skin conductance, andrespiration during

combined and sound alone presentation was increased compared to the picture alone con-

dition. Concerning brain activity, only during the combined presentation of pictures and

music activity in the emotional response systems was found. Although the auditory stimuli

used in these studies, classical music, where highly abstract, they were nevertheless able to

provoke strong emotional reactions.

An example for the vital function of acoustic expression in the realm of animalbehavior

is the separation call (Panksepp & Bernatzky, 2002). Young animals shout this short but

intriguing signal to call on their caretakers to care and attend to them. Additionally, during

human ontogeny sounds are the first sensory signals from the outside world. Furthermore,

29
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the ears cannot be shut during day nor sleep which indicates their special importance in

the detection of danger. The special proneness of the auditory system torespond to danger

may be the reason for the greater startle response to acoustic probes compared to visual

flash lights (Bradley, Cuthbert, & Lang, 1990; Anthony & Graham, 1985). Noise cannot be

avoided whereas one can look away if one wants not to see something unpleasant.

Nevertheless, the main method to induce emotion experimentally is by presenting pic-

tures depicting pleasant or unpleasant scenes. Especially popular arethe pictures from the

IAPS (international affective pictures system) which have become the most widely used

stimulus material during the last 10 years since its release in 1995. The ratingsfrom a big

normative sample and the ease of application make them a good means of studying affec-

tive responses with different paradigms. Most studies which used the IAPS implemented a

design, in which pictures from different valence categories appearedin an intermixed order

(mixed picture paradigm). This design is appropriate when studying the firststep of emotion

processing, namely affective encoding. If one is interested in emotional reactions or mood

induction, stimuli of a longer duration might be needed. One approach to induce mood

experimentally is the use of film clips (Gross & Levenson, 1995). However, one drawback

of films is their discontinuous intensity. Even in a clip as short as a minute, there may be

sequences of stronger emotionality compared to other sequences. Another disadvantage of

film clips is that they often can only be understood in the context of the whole movie. An

alternative to use film clips is the blocked presentation of IAPS pictures.

So far there have been published four studies using a block design with IAPS pictures.

Bradley et al. (1996) used series of 24 pleasant, neutral, and unpleasant pictures each shown

for 6s. They found an increase of corrugator activity over time during the unpleasant block.

The skin conductance decreased with time but maintained the differentiation between affec-

tive contents. Startle and heart rate did not change during the blocks. Sutton et al. (1997)

also used a block design. They also used 24 pictures for each of the three valences. Each

picture was shown twice for 12s with an interstimulus interval of 14s on average which

resulted in a 20min block for each valence. Unlike the results from Bradley et al. (1996)

corrugator activity and amplitude of startle response decreased from thefirst to the sec-

ond half of the unpleasant block in this study. Positive affect was generally reduced after

viewing the picture sets compared to prior to presentation and negative affect increased with

viewing the unpleasant picture set. Ritz et al. (1999) found an increase of corrugator activity

for both depressing and happy stimulus series of 9 pictures and heart period was shortened

over the course of the picture block. Subjects with high corrugator gradients showed lower

total respiratory resistance. Smith et al. (2005) also used a blocked design. They selected

36 pictures for each valence. Comparable to Bradley et al. (1996) they found a general

increase of startle amplitude and of corrugator activity during the unpleasant block which
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was maintained throughout the 60s post-block-interval. These block effects were increased

for people high in state anxiety. Taken together there seems to be an accumulating im-

pact on the corrugator with increasing exposure to unpleasant picture which habituates with

excessively long block durations.

However, besides the studies using affective pictures, there are some experimental stud-

ies, which used sounds to evoke emotions. There is ample evidence that environmental

sounds qualify as useful experimental stimuli. Different studies have shown, that environ-

mental sounds can be accurately identified (Ballas, 1993), named (Marcell, Borella, Greene,

Kerr, & Rogers, 2000), and used as signal-referents (Keller & Stevens, 2004). This sug-

gests, that they may be valid and ecological stimuli for studying emotions in the laboratory.

Similar to the IAPS, Bradley and Lang (1999) collected affective environmental sounds,

which were then rated for valence and arousal by a representative sample. This collection

is called the International Archive of Digitized Sounds (IADS). The firststudy examining

psychophysiological responses to this material was published by Bradleyand Lang (2000).

The IADS is a collection of environmental sounds varying along the dimensions of valence,

arousal, and dominance. They evoke affective reactions comparable tothose to pictures.

Besides this introductory study there are only two more studies published which used these

sounds to measure emotional responses (Verona, Patrick, Curtin, Bradley, & Lang, 2004;

Martin-Soelch, Stöcklin, Dammann, Opwis, & Seifritz, 2006).

In addition, Jäncke, Vogt, Musial, Lutz, and Kalveram (1996) studied facial electromyo-

graphic (EMG) reactions in response to auditory stimuli (baby’s crying, bird song, church

bell ringing) which were not derived from the IADS. They found only aweak link between

the subjective valence ratings and the EMG responses. Khalfa, Peretz,Blondin, and Manon

(2002) could demonstrate the elicitation of SCRs in response to the four emotions of fear,

happiness, sadness, and peacefulness induced by music.

In contrast to pictures, sounds are dynamic stimuli, which means that they adddifferent

information over time. Simons, Detenber, Roedema, and Reiss (1999) and Simons, Deten-

ber, Reiss, and Shults (2000) investigated the effect of dynamic on affective reactivity by

looking at the differential effects of still and moving pictures on affectivereactivity. They

found that during moving pictures the arousal indicators were increasedcompared to the

static versions. They found stronger SCRs during high arousing moving images compared

to still images and stronger heart rate decelerations during moving comparedto still images.

Valence experience was not affected by the kind of the stimuli.

The present study used a selection of environmental sounds from the IADS as auditory

stimuli.

There where three aims of the present study:
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First, it wanted to examine the extent to which blocks of affective sounds have compa-

rable effects on psychophysiological parameters to affective pictures.

Second, it should be investigated, whether the valence effects replicatedwith the mixed

designs, can be found with a blocked design as well.

Third, the maintenance of the induced mood was examined by recording and analyzing

the responses 15s after the offset of the stimuli.

4.1.2 Method

Participants

30 students (23 women and 7 men) from the University of Greifswald psychology un-

dergraduate courses, who received course credit for participation, took part in the study.

Their mean age was 22 (SD: 2.89). Their mean BDI (Hautzinger, 1995) score was 5.3

(SD: 4.4) and their mean STAI-T (German version of the state trait anxiety inventory, Laux,

1981) score was 37.85 (SD: 11.34)1.

Stimulus material and design

Each participant viewed 144 pictures selected from the IAPS (Emotion & Attention,

1999).2 These stimuli were chosen to comprise 12 different content categories, 4pleasant

(erotica, sports/adventure, families, puppies/nature), 4 neutral (faces, abstract, social neu-

tral, household objects), and 4 unpleasant (human attack/mutilation, accidents/guns, loss,

contamination/pollution). Pictures of each category were presented in a series of 12 stimuli.

The duration of each picture was 6s followed by a 1s inter-picture intervalduring which a

fixation cross was presented on the screen. The duration of the entire block of 12 contiguous

stimuli was 84s. Additionally, participants listened to 84 sounds selected from the Interna-

1The STAI-T of one mail participant is missing.
2IAPS identification numbers are the following: Erotica: 4670, 4659, 4180/4531, 4210/4460, 4681, 4652,

4660, 4800, 4664, 4810, 4650, 4683;Adventure: 8190, 5621, 8080, 8162, 5623, 7501, 8170, 5460, 5629,
8400, 8200, 8034; Happy People: 2550, 2345, 2501, 8461, 2311,2340, 2391 2360, 2530, 2341, 2310, 2050;
Puppies/Nature: 1610, 5910, 1920, 7502, 1460, 5700, 1440, 5982, 1710, 5760, 1750, 7580; Faces: 2190,
2570, 2516, 2215, 2385, 2280, 2480, 2214, 2200; Abstract Art: 7160, 7238, 7182, 7187, 7830, 7184, 7185,
7096, 7237, 7183, 7186, 7820; Social/Neutral: 7700, 7491, 7640, 7211, 7224, 7234, 7560, 7190, 7495, 7705,
7620, 7496; Household Objects: 7080, 7025, 7010, 7009, 7150, 7002, 7235, 7004, 7950, 7090, 7006, 7110;
Mutilation/Attack: 6350, 3000, 9252, 3170, 6313, 3080, 9410, 3102/3030(3102 was exchanged with 3030 due
to outlying corrugator activity), 3530, 6540, 9433, 3500; Accident/Gun: 9910, 9620, 6230, 9921, 6210, 9611,
6260, 9920, 9050, 6250, 9630, 6300; Sad People: 2800, 2205, 9041, 2700, 9421, 3220, 33502141, 3230, 9220,
2900, 3300; Contamination: 9300, 7380, 9373, 9340, 9180, 1275, 9390, 9830, 9182, 9280, 9290, 9140. The
faces-category also included 3 pictures of neutral facial expressions form the Karolinska Directed Emotional
Faces (KDEF) Archive, (Lundqvist, A. Flykt, & Öhman, 1998).
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tional Affective Digitized Sounds (IADS; Bradley & Lang, 1999)3 Sounds were selected

to also comprise 12 different content categories, 4 pleasant (erotica, sports, laughter, mu-

sic,), 4 neutral (people, synthesized abstract sounds, social neutral, nature) and 4 unpleasant

(screams, accidents, loss, animal attack). It was taken care that the contents of the sounds

matched the contents of the pictures as closely as possible. 7 individual sounds of each cat-

egory were presented in a series. Again the duration of each sound was6s followed by a 1s

inter-sound interval. Thus, each sound block lasted for 48s.4 Each picture and sound block

started and was terminated by a fixation cross that was presented on the screen in front of the

subject for 8 and 15 seconds, respectively. After the 15s fixation cross period at the end of

each block, the rating phase started with the instructionḦow do you feel right now?̈that was

projected on the screen for 1s. Then the valence dimension of the Self Assessment Manikin

(SAM; Lang, 1980) was presented on the screen and the subject useda computer pad to

rate the subjective experience of valence on a scale from 1(pleasant) to9(unpleasant). After

the rating was completed the arousal dimension of the SAM appeared on the screen and the

participants rated the experienced arousal on a scale from 1(calm) to 9(aroused) using the

same computer pad. Then the participant started the next block by pressingthe enter button.

Three acoustic startle eliciting stimuli (a 50ms burst of broadband 95dB [A] white noise

with a rise/fall time<1ms, wav-file) were presented binaurally over headphones (AKG K-

66) during the picture and sound blocks. To ensure that the sensory modality of the fore-

ground did not directly affect startle responsiveness, acoustic probes were presented 600ms

after the offset of the picture or the sound respectively, either early (i.e. 600ms after the first

or second picture or sound), in the middle (600ms after the fifth or seventh picture or 600ms

after the third or fourth sound) or late (600ms after the tenth or eleventh picture or 600ms

after the fifth or sixth sound) in the stimulation block. One startle probe was always pre-

sented before each block during the 8s fixation cross period (3.2s - 4.4s) and also at the end

of each block during the 15s fixation cross period (1.1s - 4.0s). Additionally six probes were

presented at the beginning of the session before presentation of the affective stimuli to be

able to exclude the intense reactions to the initial probes which until and allow habituation

to the probes. Overall 125 startle probes were presented per session for each participant.

3The IADS identification numbers are the following: Erotica: 215, 201, 205, 216, 202, 200, 210; Adven-
ture/Sports: 360, 352, 353, 351, 401, 362, 206; Laughter: 110, 226, 221, 220, 230, 112, 109; Music: 816, 601,
820, 810, 815, 802, 812; People: 262, 720, 311, 310, 251, 252, 723; Artificial sounds: 704, 113ird, 100ir, 722r,
701ird, 826d, 370d (i - inverted, r - reverted, d - delayed); Social neutral: 358, 320, 425, 325, 708, 361, 700;
Neutral Animals: 171, 132, 602, 105, 152, 120, 113; Aggressive animals: 106, 115, 116, 627, 130, 500, 133.
Sadness/Loss: 291, 280, 711, 292, 261, 423, 287; Accidents: 600, 424, 422, 625, 698, 712, 709; Screams: 279,
285, 278, 277, 276, 286, 290.

4The IADS only consists of 111 sounds, in comparison the IAPS includes 715 pictures at the moment.
Only 7 sound exemplars for each category could be selected, becausefor some categories there were not more
exemplars available.
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Procedure

After arriving at the laboratory, participants were seated in a reclining chair located in

a 4.80 x 2.80m dimly lit and sound-attenuated room. After signing the consent form, the

sensors for physiological data recording were attached. Participants were then instructed

that a series of pictures and sounds would be presented in a blocked order and that s/he

will have to rate the current feelings (using the SAM for valence and arousal) after each

block. Additionally, s/he was instructed to fixate on the middle of the screen to reduce eye

movements. Finally, s/he was told that at various times during the experiment s/hewould

hear loud noises over the headphones, which should be ignored.

Before starting with the data acquisition, the quality of the physiological signalswas

checked. All blocks of each modality (pictures or sounds) were presented consecutively.

The order of modality was counterbalanced across subjects. The orderof the semantic

categories was varied using 3 versions for each modality with the constraintsthat two blocks

of the same hedonic valence were never presented consecutively and that no content block

appeared at the same temporal position in two of the orders.

Apparatus and data acquisition

The eyeblink component of the startle response was measured by recording the EMG ac-

tivity over the orbicularis oculi muscle beneath the left eye using two electrolyte filled (Mar-

quette Hellige GmbH, Freiburg, Germany) Ag/AgCl miniature electrodes (Sensormedics,

Yorba Linda, CA). The raw EMG signal was amplified by 10 000 using a Coulbourn S75-

01 amplifier with a 30Hz high-pass filter and a Kemo KEM-VBF8-03 400Hz low-pass filter

and digitized at 1000Hz by a 12bit A/D converter. Digital sampling started 100ms before

and lasted 400ms after the onset of the acoustic startle stimulus. To remove eyemovement

artifacts, a digital 60Hz highpass filter was applied to the raw EMG data off-line before

scoring the startle response magnitudes.

Skin conductance was recorded with Ag/AgCl standard electrodes (8mm diameter; Sen-

sormedics) filled with isotonic electrode paste. Electrodes were placed adjacently on the hy-

pothenar eminence of the palmar surface of the non-dominant hand to reduce interference

with the rating task. A Coulbourn S71-22 skin conductance coupler provided a constant

voltage (0.5V) across electrodes. The signal was direct voltage amplifiedand digitized with

a 12bit A/D converter (resolution 0.01µS) with a sampling rate of 10Hz.

Electromyographic activity of the corrugator (left eyebrow) and zygomaticus major

(left cheek) muscle was recorded with Ag/AgCl miniature electrodes (Sensormedics Yorba

Linda, CA) filled with electrolyte (Marquette Hellige GmbH, Freiburg, Germany)using the

placement, recommended by Fridlund and Cacioppo (1986). The raw EMG amplified by

10 000 using a Coulbourn S76-01 bioamplifier and an isolated bioelectric amplifier (James
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Long Company, Caroga Lake, NY). The signal was filtered through a 90Hz to 1000Hz

bandpass. The raw signals were rectified and integrated online using a contour-following

integrator, with a nominal time constant of 10ms. Digital sampling at 10 Hz began three

seconds before the block and was ended 3 seconds after the entire block of pictures or

sounds.

A lead II electrocardiogram was obtained using Ag/AgCl standard electrodes filled with

electrolyte (Marquette Hellige GmbH, Freiburg, Germany). The raw signal was filtered for

frequencies below 0.1Hz and above 13Hz and amplified individually (Coulbourn S75-01)

to allow for a reliable detection of the cardiac R-wave using a peak trigger. The analogue

ECG signal and trigger data were digitized and saved in separate digital channels with a

sampling rate of 1000Hz. Interbeat intervals were recorded to the nearest millisecond and

reduced off-line by using VPM software.

Digitized versions of the IAPS pictures were displayed on a screen (1.80 x1.70m)

situated approximately 2,10m from the participant using a beamer in a room adjacent to

the experimental room. The IADS sounds were presented binaurally (8bit,22kHz, mono)

via stereo headphones (AKG K-66). Maximal peak sound intensity at presentation of the

individual sounds ranged from 61.6 to 68.2dB between content categories. Sound intensities

were not matched across categories as the primary goal was to use sounds that effectively

evoke emotional responses. Moreover, it was intended that the acousticstimulus materials

were comparable to those used by Bradley and Lang (2000) as closely aspossible.

Control of the stimulus presentation was accomplished by the software Presentation

Version 9.12 (Neurobehavioral systems, Albany, CA). Data acquisition was implemented

by VPM Version 10.8 data acquisition and reduction software (Cook, 1999).

Data reduction and analysis

Startle responsesThe reflex eyeblink data were scored off-line using a computer pro-

gram that identified the latency of blink onset (in milliseconds) and peak amplitude (in

microvolts). All blinks occurring within a 20-100ms time interval after probe onset and

reaching peak amplitude within 150ms were scored as valid startle response trials. Tri-

als with increased baseline activity and spontaneous blinks immediately beforethe startle

stimulus were rated as missings and were not included in the analysis. Trials in which no

response could be detected in the defined time window were scored as zeromagnitudes.

Raw startle magnitudes were standardized to correct for interindividual variability that was

unrelated to experimental conditions. This transformation was done to ensure that each

participant contributed equally to the analysis of the experimental conditions.Responses

from each participant were transformed to z-scores (raw scores foreach participant were
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subtracted from that person´s mean score divided by that person´s standard deviation), and

converted to T-scores (i.e., 50+[z x 10]).

SCRsBefore statistical analysis, data from SCRs was range corrected (fSCRx = (SCRx

- SCRmin)/(SCRmax-SCRmin) to reduce interindividual variability (Lykken, Rose, Luther,

& Maley, 1966) and log transformed (lg10[SCR + 1]) to normalize the distribution (Ven-

ables & Christie, 1980).

Facial reactionsReactions in corrugator and zygomatic were determined by subtract-

ing activity in the 3s before block onset from that occurring at each half- second after block

onset.

Heart rateFor heart rate, a baseline subtraction period of 5s was used to reduce the

influence of the reactions to the pre-block-startle

The analysis were conducted as follows.First, in each parameter differences between

modalities were tested with paired t-tests.Second, variations according to valence were

tested with one way ANOVAs separately in each modality. If a significant valence effect

occurred, paired t-test were conducted for each valence combination.Third, interaction

effects between modality and valence were tested by a 2x3-ANOVA. Only data sampled

during the first seven pictures during the pictures blocks was used for analyzing the effects

of modality.Forth, the interaction of valence and social content was tested in 2x3-ANOVAs

separate for each modality. Only those results are reported which yielded significant results.

Significant interactions were further analysed with post hoc t-test. Thesefour steps were

conducted separately for the mean responses during the stimulation blocks and the post-

block interval.

Greenhouse-Geisser correction of degrees of freedom was used,when the assumption

of sphericity was violated.

4.1.3 Results

Self report ratings

Table 4.1 shows the mean and standard deviations of the self report ratingsby modality

and valence. The difference of reported valence after picture compared to sound blocks was

marginally significant, with higher unpleasantness after pictures compared tosound blocks

(t(29) = 1.750, p<.1). The reported arousal did not differ between modalities (t(29) = 0.302,

p>.1). The valence of the stimuli influenced the valence of the reported feelings after the

stimulation blocks (pictures: F(2,58)= 56.241, p<.001,η2 = .660; sounds: F(2,58) = 54.032,

p<.001,η2 = .651; 4.1).
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Table 4.1: Mean(SD) reported valence and arousal by modality and valence

pictures sounds

Valence pleasant M 3.04 2.88
SD 1.14 0.98

neutral M 3.76 3.72
SD 1.23 1.22

unpleasant M 5.64 5.09
SD 1.58 1.54

Arousal pleasant M 3.16 3.22
SD 1.20 1.15

neutral M 2.91 3.06
SD 1.17 1.30

unpleasant M 4.50 4.17
SD 1.66 1.65

Stimuli showing social content elicited more unpleasantness than stimuli with non-

social content in both modalities (pictures: F(1,29) = 11.107, p<.005,η2 = .277; sounds:

F(1,29) = 13.158, p<.005,η2 = .312). In both modalities the interaction of social content

and valence was also significant (pictures: F(2,58) = 3.796, p<.05, = .116; sounds: F(2,58)

= 4.954, p<.05, = .146). Subjects reported to feel more unpleasant aftersocial-unpleasant

compared to nonsocial-unpleasant stimulation blocks of both modalities (pictures: t(29) =

4.448, p<.001; sounds: t(29) = 4.730, p<.001) but their ratings after social-pleasant and

nonsocial-pleasant stimulations did not differ (pictures: t(29) = 0.983, p>.1; sounds: t(29)

= -0.425, p>.1)

The valence of the stimuli also influenced the reported arousal level (pictures: F(2,58)

= 30.906, p<.001,η2 = .516; sounds: F(2,58) = 18.444, p<.001,η2 = .389). Except for two

of the t-tests, all computed contrasts were significant. The reported arousal after pleasant

and neutral stimuli did not differ significantly (pictures: t(29) = 1.904, p<.1; sounds: t(29)

= 1.305, p<.1).

Modality and valence also interacted concerning the valence ratings (F(2,58) = 3.551

p>.05). Simple effects tests which compared the two modalities on each valence level, re-

vealed that a significant difference between the modalities was found only after the unpleas-

ant block (t(29) = 3.601. p<.005). Unpleasant picture induced more unpleasant feelings

than unpleasant sounds. In the arousal ratings, no significant interaction between valence

and modality was found (F(2,58) = 3.064, p<.1).
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Figure 4.1: Average rating of self-report as a function of stimulus valence by modality. Left panel:
valence rating; right panel: arousal rating.

Startle responses

Table 4.2 shows the mean and standard deviations of the raw startle amplitudes by

modality and valence.

Startle responses during and after picture blocks were significantly stronger than during

and after sound blocks (Block: t(29) = 13.071, p<.001; post-block: t(29) = 6.985, p<.001).

Startle responses to probes presented during picture blocks were significantly affected

by the valence of the stimuli (F(2,58) = 3.926, p<.05,η2 = .119). Compared to the responses

during neutral pictures, there was a marginally significant inhibition of response during

pleasant blocks (t(29) = -1.880, p<.1). Responses during unpleasant picture blocks were

significantly smaller than during pleasant blocks (t(29) = -2,621, p<.05). For the startle re-

sponses during the sound blocks, there was only a tendency of valencemodulation (F(2,58)

= 2.288, p<.1,η2 = .073). However, the startle responses during pleasant sound blockswere

Table 4.2: Mean(SD) startle amplitudes (µV) by modality andvalence during and after stimulation
blocks.

pictures sounds

Block pleasant M 23.04 9.50
SD 16.45 7.50

neutral M 26.03 9.96
SD 20.14 7.86

unpleasant M 27.31 12.36
SD 20.54 10.38

Post-Block pleasant M 31.40 18.32
SD 29.45 18.51

neutral M 33.06 15.87
SD 36.05 15.83

unpleasant M 35.13 14.77
SD 30.49 11.44



4.1. PERIPHERAL PHYSIOLOGY - STUDENTS 39

significantly smaller than during unpleasant sound blocks (t(29) = -2.229,p<.05). These re-

sults are illustrated in figure 4.2.

Startle responses during social pictures blocks were smaller than during non-social pic-

ture blocks (F(1,29) = 7.270, p<.05,η2 = .200). Furthermore, valence interacted with social

content during sound blocks (F(2,58) = 4.060, p<.05,η2 = .123). Only during social sounds,

startle probes were potentiated during unpleasant compared to neutral sounds (t(29) = 2.973,

p<.01) but not during nonsocial sounds (t(29) = 0.862, p>.1).

The main effects of valence for the startles after picture and sound blockswere not

significant (pictures: F(2,58) = 2.190, p>.1,η2 = .070; sounds: F(2,58)= 0.892, p>.1,η2 =

.030). However, the startle responses after pleasant picture blocks were significantly smaller

than those after unpleasant picture blocks (t(29)= -2.777, p<.05).

Neither during nor after the stimulation block, an interaction between modality andva-

lence was found in the startle responses (Block: F(2,58) = 1.626 p>.1; Post-Block: F(2,58)

= 2.671, p<.1).

Figure 4.2: Average amplitude of startle responses (T-Scores)) as a function of stimulus valence by
modality and trial type.
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Skin conductance response (SCR)

Table 4.3 shows the mean and standard deviations of the raw SCR amplitudes bymodal-

ity and valence.

Sounds elicited slightly stronger SCR than pictures (t(27) = -1.803, p<.1). Two partici-

pants did not show identifiable SCR and were therefore excluded from further analysis.

SCR was also significantly modulated by valence in both modalities (pictures: F(2,54)

= 5.210, p<.01,η2 = .162; sounds: F(2,54) = 3.408, p<.05,η2 = .112). SCR elicited during

pleasant sounds were significantly stronger than during neutral (t(27)= 2.169, p<.05) and

unpleasant sounds (t(27) = 2.355, p<.05). SCR elicited during neutral picture blocks were

significantly smaller than during unpleasant (t(27) = -3.572, p<.005) and marginally smaller

than during pleasant picture blocks (t(27) = 1.896, p<.1).

Stimuli with social content elicited stronger SCRs than stimuli with non-social content

(pictures: F(1,27) = 11.922, p<.005,η2 = .306; sounds: F(1,26) = 14.174, p<.005,η2 =

.363). Furthermore, during picture blocks, a significant interaction between social content

and valence was found (F(2,54) = 5. 455, p<.01,η2 = .168). Only during pictures with

social content, SCRs to affective pictures were stronger than to neutralpictures (social:

pleasant vs. neutral: t(27) = 1.785, p<.1; unpleasant vs. neutral: t(27) = 3.477, p<.005;

nonsocial: pleasant vs. neutral: t(27) = 1.553, p>.1; unpleasant vs. neutral: t(27) = 0.775,

p>.1).

Furthermore, a significant interaction between modality and valence was found (Block:

F(2,58) = 3.543 p<.05). Pleasant sounds elicited stronger SCR than pleasant pictures (t(27)

= 2.107, p<.05).

Skin conductance level after the stimulation blocks

The skin conductance level during the post-block-intervals was not modulated by the

valence (pictures: F(2,54) = 0.471, p>.1; sounds: F(2,54) = 0.914, p>.1) and the modality

Table 4.3: Mean (SD) SCR amplitudes (µS) by modality and valence during stimulation blocks

pictures sounds

pleasant M 0.059 0.782
SD 0.064 0.080

neutral M 0.043 0.055
SD 0.050 0.059

unpleasant M 0.056 0.626
SD 0.055 0.063
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(t(29) = -0.686, p>.1) of the preceding blocks. In addition, the interactionbetween modality

and valence was not significant (F(2,58) = 0.047, p>.1).

Heart rate

Table 4.4 shows the mean and standard deviations of the heart rate by modalityand

valence.

Heart rate was not affected differently by the two modalities (Block: t(29) =-0.704,

p>.1; Post-Block: t(29) = 0.158, p>.1).

The effect of valence on heart rate was marginally significant during pictures (F(2,58) =

2.933, p>.1,η2 = .092) but absent during sound blocks (F(2,58) = 0.390, p>.1,η2 = .013).

Heart rate was significantly slower during unpleasant compared to neutral picture blocks

(t(29) = 2.070, p<.05).

Both during picture and during sound blocks valence significantly interacted with social

content (pictures: F(2,58) = 3.750, p<.05,η2 = .115; sound: F(2,58) = 3.830, p<.05,η2 =

.117). In both modalities, a significant difference between heart rate during pleasant and

unpleasant stimulation was only found for nonsocial stimuli (social: pictures: t(29) = 0.031,

p>.1; sounds: t(29) = -1.688, p>.1;nonsocial: pictures: t(29) = 2.879, p<.01, sounds: t(29)

= 1.903, p<.1)

Table 4.4: Mean(SD) heart rate (bpm) by modality and valenceduring and after stimulation blocks.

pictures sounds

Block pleasant M 70.75 71.24
SD 7.68 7.91

neutral M 73.20 71.83
SD 7.64 7.92

unpleasant M 70.64 71.25
SD 8.02 7.66

Post-Block pleasant M 72.29 71.90
SD 7.53 8.13

neutral M 72.29 71.88
SD 7.63 7.83

unpleasant M 72.11 72.12
SD 7.62 7.57
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Figure 4.3: Average autonomic activity (SCR: µS; heart rate: ∆beats per minute) as a function of
stimulus valence by modality and trial type. Top panels: SCR; bottom panels: heart rate.

Valence did not influence the heart rate during the post block interval (pictures: F(2,58)

= 1.037, p>.1,η2 = .035; sounds: F(2,58) = .050, p>.1,η2 = .002).

Neither during nor after the stimulation block, an interaction between modality and

valence was found in the heart rate (Block: F(2,58) = 1.408, p>.1; Post-Block: F(2,58) =

1.125, p>.1).

The valence modulation in both SCR and heart rate is illustrated in figure 4.3.

Corrugator

Table 4.5 shows the mean and standard deviations of the corrugator activityby modality

and valence.

During and after picture blocks, corrugator was activated more stronglyduring picture

compared to sound blocks (Blocks: t(29)= 2.786, p<.01; Post-Block: t(29) = 2.526, p<.05).

Corrugator activity was significantly influenced by the valence of both pictures and

sounds (pictures: F(2,44.7) = 28.30, p<.001,η2 = .494; sounds: F(2, 33.03) = 10.580,

p<.005,η2 = .267). Corrugator activity was increased during unpleasant stimuli andde-
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Table 4.5: Mean(SD) corrugator activity (µV) by modality and valence during and after stimulation
blocks.

pictures sounds

Block pleasant M 4.88 4.38
SD 4.06 3.12

neutral M 5.85 5.47
SD 5.26 5.21

unpleasant M 7.16 6.12
SD 5.30 5.49

Post-Block pleasant M 5.31 4.78
SD 4.65 3.89

neutral M 6.11 5.68
SD 5.60 5.75

unpleasant M 7.59 6.66
SD 6.19 5.97

creased during pleasant stimuli compared to baseline. All six simple effects showed signif-

icant differences between the valence conditions of each modality.

Both during picture and sound blocks a significant interaction between social content

and valence was found (pictures: F(2,58) = 8.524, p<.05,η2 = .227; sounds: F(2,58) =

12.635, p<.001,η2 = .303). The difference of corrugator activity during the presentation

of social-pleasant compared to social-unpleasant pictures was bigger than the difference of

corrugator activity during the presentation of nonsocial-pleasant compared to non-social un-

pleasant pictures (t(29) = 3.087, p<.005). During the sound stimulation, corrugator activity

differed only between social-pleasant and social unpleasant (t(29) =3.819, p<.005) but not

between nonsocial-pleasant and nonsocial-unpleasant blocks (t(29)= -1.65, p>.1).

Even during the post block interval, corrugator was significantly modulatedby valence

in both modalities(pictures: F(2,58) = 31.475, p<.001,η2 = .520; sounds: F(2,58) = 11.857,

p<.005,η2 = .290). Corrugator activity after unpleasant stimulus blocks was increased

compared to pleasant (pictures: t(29) = -5.727, p<.001; sounds: t(29)= -3.647, p<.005) and

neutral (pictures: t(29) = -6.362, p<.001; sounds: t(29) = -2.664, p<.05). Furthermore, it

was significantly smaller after pleasant compared to neutral sound blocks (t(29) = -3.605, p

= .001).

Neither during nor after the stimulation block, an interaction between modality and

valence was found in the corrugator activity (Block: F(2,58) = 2.316, p>.1; Post-Block:

F(2,58) = 2.770, p<.1).
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Zygomaticus

Table 4.6 shows the mean and standard deviations of the zygomatic activity by modality

and valence.

During sound blocks, the zygomaticus activity was slightly higher than duringpicture

blocks, but did not differ after the stimulation blocks between modalities (Blocks: t(29) =

-1.814, p<.1; Post-Block: t(29) = -1.381, p>.1).

Zygomatic activity was marginal significantly modulated by the valence of the picture

blocks (F(2,58) = 2.601, p<.1,η2 = .082) and significantly modulated by the valence of

the sound blocks (F(2,58) = 7.619, p<.005,η2 = .208). Paired sample t-tests revealed, that

zygomatic activity during pleasant sound blocks was significantly strongerboth compared

to unpleasant (t(29) = 3.529, p<.005) and to neutral sound blocks (t(29) = 2.516, p<.05).

Zygomatic activity was stronger during social sounds than during non-social sounds

(F(1,29) = 5.421, p<.027,η2 = .157). Furthermore, social content of the sounds interacted

with valence (F(2,58) = 4.931, p<.05,η2 = .145). Only during sounds with social content,

zygomatic activity was modulated by valence (social: t(29) = 3.282, p<.01; non-social:

t(29) = -0.256, p>.1)

During the post-block-interval, zygomatic activity did not differ accordingto the pre-

ceding block (pictures: F(2.58)<1, p>.1,η2 = .011; sounds: F(2,58) = 1.283, p>.1,η2 =

.042).

Table 4.6: Mean(SD) zygomatic activity (∆µV) by modality and valence during and after stimulation
blocks.

pictures sounds

Block pleasant M 7.03 9.66
SD 5.62 18.32

neutral M 6.21 8.75
SD 5.33 18.44

unpleasant M 6.10 8.10
SD 5.06 16.99

Post-Block pleasant M 6.23 8.95
SD 5.15 17.79

neutral M 5.95 8.25
SD 5.13 17.53

unpleasant M 5.95 8.28
SD 5.13 16.70
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Neither during nor after the stimulation block, an interaction between modality and

valence was found in the zygomatic activity (Block: F(2,58)<1 p>.; Post-Block: F(2,58)<1,

p>.1).

The valence modulation in both corrugator and zygomatic activity is illustrated in figure

4.4.

Figure 4.4: Average EMG activity (µV) as a function of stimulus valence by modality and trial type.
Top panels: corrugator; bottom panels: zygomaticus.
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Table 4.7 gives an overview of the valence modulation induced by social and nonsocial

stimuli of both modalities.

Table 4.7: Ratings and autonomic variables by social content. Conditions which differed signifi-
cantly in the social but not the nonsocial or vice versa are indicated byitalic font and marked with
a *.

social (M) nonsocial (M)
Valence Rating pictures pleasant 3.13 2.95

neutral 3.75 3.77
unpleasant 5.97* 5.32*

sounds pleasant 2.85 2.92
neutral 3.85 3.58
unpleasant 5.47* 4.72*

Startle responses (t-scores) pictures pleasant 49.58 51.66
neutral 51.26 52.83
unpleasant 52.57 53.10

sounds pleasant 44.12 43.76
neutral 43.79* 44.31
unpleasant 45.71* 43.80

SCRs (µS) pictures pleasant 0.13* 0.11
neutral 0.10* 0.08
unpleasant 0.18* 0.10

sounds pleasant 0.23 0.12
neutral 0.16 0.11
unpleasant 0.18 0.11

Heart rate (∆bpm) pictures pleasant -6.90 -5.21*
neutral -4.58 -6.34
unpleasant -6.93 -8.28*

sounds pleasant -7.30 -5.28*
neutral -5.78 -5.92
unpleasant -5.49 -6.71*

Corrugator muscle (µV) pictures pleasant -0.65* -0.96
neutral -0.23 -0.10
unpleasant 2.71* 1.17

sounds pleasant -2.52* -0.74
neutral -0.50 -0.03
unpleasant 1.34* 0.08

Zygomatic muscle (µV) pictures pleasant 0.23 0.74
neutral -0.72 -0.26
unpleasant -0.52 -0.18

sounds pleasant 1.55* -0.02
neutral 0.26 -0.16
unpleasant -0.39* 0.07
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4.1.4 Discussion

The valence of the stimuli, which were presented in a blocked manner, successfully modu-

lated the dependent variables of the different response levels. In addition, differences in the

responses to the two stimulus modalities were found in some of the measured parameters.

With respect to the first question concerning the comparison of pictures and sounds, it

was shown that in most parameters, a modulation by valence was found during the picture as

well as during the sound presentation. However, in some measures, therewere main effects

of modality. Startle responses and corrugator reactivity were both significantly stronger

during picture compared to sound blocks. On the other hand, zygomaticus reactivity and

SCRs were both slightly stronger during sound than during picture blocks.This difference

was mainly based on stronger responses to pleasant sounds than pleasant pictures.

The valence modulation of the startle response with facilitation during unpleasant affect

compared to a neutral state was replicated in a 1s sound free gap during blocks of affective

sounds. This extends the finding of Codispoti et al. (2001) to sounds. They showed that

the valence modulation was kept even until 4s after the offset of an affective picture which

was presented for only 500ms. However, the absolute amplitudes of startle response during

sound blocks were much smaller than in picture blocks. Four possible explanations for this

can be offered:

First, the sound blocks may have acted as a kind of background noise in relation to the

startle. Flaten, Nordmark, and Elden (2005) found that background noise presented during

startle presentation reduced the signal-to-noise ratio for prepulses and thus reduced their

effect on startle response. However, they did not directly compare trialswith and without

background noise. Additionally, in the present study, the reduction of startle amplitude was

not only found during the sound blocks but also during the fixation crossinterval between

1 and 4s after the sound blocks.

Second, the effect of modality on startle responses may be an effect of anticipation of

some auditory input to come and therefore a reduction of the surprise potential of the startle

probe. The effect of forewarning and anticipation on the startle response has been investi-

gated by Ison, Sanes, Foss, and Pinckney (1990). They found a reduction of startle response

even with an interval of 3s between warning stimulus and probe which were of different

modalities. However, it does not seem likely that the modality effect in the present study

was caused by an anticipation effect. The startle responses presented during the fixation

cross interval before each block did not differ between modalities although the participants

knew which stimulus modality will be presented in the next block. If anticipation was the

mechanism to reduce the startle response during sound blocks, it should have reduced the

responses to the startle before a sound block as well.



48 CHAPTER 4. EXPERIMENTS

A third explanation for the modality effect found in the startle in the present study

may be a sensory inhibition effect similar to the prepulse inhibition (PPI). In traditional

paradigms, this phenomenon is observed when a startle probe is presented15 - 800ms

(Hoffman & Ison, 1980) after another stimulus of weaker intensity. The response to the

startle probe is reduced when a prepulse occurs compared to startle probes without such a

prepulse. The basis of this phenomenon is thought to be a protection mechanism for the pro-

cessing of the first stimulus not to be interrupted by a second stimulus (see Graham (1979),

cited in Globisch et al. (1999)). Although PPI is normally only observed up toan inter-

val of 800ms between prepulse and pulse, the block design used in the present study may

have caused an extension of the inhibition period and thus leading to reduced startle in the

post-block interval after sound compared to picture blocks. As the present data suggest, the

impact of this protection mechanism is stronger when the modalities of prepulse and pulse

match than when they mismatch. This seems to be sensible as there is stronger potential of

interference when the same sensory input channels are used for both stimuli.

Fourth, the smaller responses to startle probes occurring during and after sound com-

pared to picture blocks may be caused by selective attention to stimuli in the modalityof

the foreground stimulus. The probe may not be as startling when one has already drawn

attention toward the probe modality compared to the situation when it is occurring inthe

currently neglected sensory channel. However, the only study so far (Anthony & Graham,

1985), which systematically examined the effects of same or different foreground and startle

modalities, showed the opposite effect. They found stronger responseswhen the modality

of foreground and startle probe matched than when they mismatched. But, asBradley et

al. (1990) already noted, this match-mismatch effect was only found for infants. In adults,

there was a main effect of probe modality with acoustic probes eliciting stronger startle

responses compared to visual probes.

Additional evidence for the conclusion that the present result was not caused by an ef-

fect of attention comes from Bradley et al. (1990). With this study, the authors wanted

to test, whether the linear startle modulation found for affective pictures wasdue to atten-

tion or emotion. They used affective visual stimuli together with acoustic and visual startle

probes. If emotion is the cause of modulation, they expected inhibition during pleasant and

facilitation during unpleasant slides for both startle probe modalities. However, if the atten-

tion hypothesis holds true, which states a rejection of attention by any aversive stimulus, an

inhibition of response to the visual startle probe during aversive pictureswas expected. The

results confirmed the emotion hypothesis. Irrespective of the probe modality, the responses

were increased during unpleasant and decreased during pleasant pictures compared to un-

pleasant pictures. Additionally, like Anthony and Graham (1985), they found stronger re-

sponses to acoustic probes compared to visual probes although acousticprobes mismatched
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the foreground modality this time. Unfortunately, Bradley et al. (1990) did not use a fully

crossed design which does not allow to draw a final conclusion on the question of the effects

of match and mismatch conditions. Bradley and Lang (2000) used auditory foreground stim-

uli together with a visual startle probe. However, they only reported standardized T-Values

and therefore it is not possible to compare the absolute response sizes between their study,

Bradley et al. (1990) and the present study.

Besides the effect of modality on startle responses, modality differentially influenced the

corrugator activity. Pictures elicited stronger corrugator activity than sounds, both during

and after stimulus presentation. One explanation for this is, that facial muscleactivity is

a visual communication signal and therefore is triggered by visual stimuli. Someof the

pictures showed faces and therefore may have evoked a facial reaction.

A marginally significant effect in the opposite direction with stronger reactions to

sounds than to pictures was found for zygomatic activity and SCRs. However, these effects

were further qualified by an interaction with valence. Only for the neutral stimuli, sounds

elicited stronger zygomatic reactions than pictures. Maybe this was due to the specific

contents of the neutral sound categories. They included bathroom and office sounds. These

stimuli may have appeared a bit odd due to their triviality in the laboratory atmosphere

and may have therefore elicited a smile. The SCRs on the other hand were stronger during

pleasant sounds compared to pleasant pictures. This effect was mainly driven by the erotic

sounds. One explanation for this may be that participants are more accustomed to see erotic

pictures in the media than hear erotic sounds and therefore the sounds areable to elicit

stronger reactions. Another explanation may be, that the sounds are morearousing due to

their dynamic nature. No significant differences between the modalities werefound for the

other valence levels.

Besides the replication of the valence effect with the blocked stimulus presentation and

the comparison of the responses to stimuli of two different sensory modalities, the third aim

of this study was to examine, whether even after the off-set of the stimuli, the measured

parameters are influenced by the valence of the preceding stimulation. This was true for

three of the dependent variables. One of them was the self report. It was given at the end of

the 15s post block interval and showed significant variation with respectto the valence of

the previous block. Furthermore, reported valence interacted with modality with stronger

unpleasantness after unpleasant pictures than after unpleasant sounds. In addition, the cor-

rugator maintained a higher level of tension during the post block interval after unpleasant

compared to pleasant blocks of both modalities. This is remarkable when considering, that

this parameter can be regulated willfully and very rapidly. In addition, facialmuscle ac-

tivity serves primarily a communicatory function, which was not afforded in the present

experimental setting.
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Furthermore, the post block startle response after unpleasant pictureswas significantly

stronger than the response after pleasant pictures. However, one must admit that the time

point of the startle probe presentation was relatively early (at about 4.5s) during the post

block interval. Therefore, it is not comparable to the other parameters, which were recorded

during the complete 15s interval of which the mean was computed for the present analyzes.

No valence effects during the post block interval were found for zygomaticus, skin conduc-

tance level, and heart rate. Taken together, the blocked presentation didhave lasting effects

on the affective responses, but they were not expressed on all response levels.

One limitation concerning the comparability of the results between pictures and sounds

has to be mentioned. The picture blocks consisted of 12 whereas the soundblocks of 7

stimuli. This difference was taken into account to make the results of the pictureblocks

comparable to the study of Smith et al. (2005). For sounds it was not possible to find 12

exemplars of each category because of the restricted range of the archive (110 sound stimuli

versus 714 pictures stimuli). Therefore it was problematic to directly comparethe startle

responses during picture and sound blocks. Therefor, separate analyzes were conducted for

each modality. This is especially relevant for the startle responses. The frequency of startle

probes during sound blocks was much higher compared to picture blocks.Additionally,

the data from the post-block-interval after the blocks and the subjective ratings which were

included in the paradigm to track the maintenance or fading of the induced moodwere not

directly comparable between modalities. It can not be ruled out that potentialdifferences

between picture and sound blocks were not due to modality but to the difference in block

duration.

The factor of social content significantly influenced the reactions as well.Subjects re-

ported to feel more unpleasant after social-unpleasant than after nonsocial-unpleasant stim-

ulation. Only during social-unpleasant but not during nonsocial-unpleasant sounds stronger

startle responses than during neutral sounds were elicited. SCRs were potentiated during

social-affective but not during nonsocial-affective pictures compared to neutral pictures.

Corrugator activity was modulated stronger by the valence of the social than by the va-

lence of the nonsocial stimuli and only social, but not nonsocial sounds did significantly

influence zygomatic activity. The only parameter, which was more strongly modulated by

nonsocial than by social stimuli was heart rate. The data showed stronger heart rate de-

celerations during nonsocial-unpleasant than during nonsocial-pleasant stimulation. Theses

results confirm, that social stimuli are strong emotional cues. In future studies interested

in aspects of affective reactivity, this should be considered when selecting the stimulation

material. Furthermore, these results suggest that if depressed patients respond differently

to social stimuli than healthy controls in real life, it may be possible to measure thepsy-

chophysiological correlates of this deficit in affective reactivity with the present paradigm.
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Summary and conclusion

The examination of affective reactivity to stimuli of different modalities helps toeluci-

date the important factors in the induction of affects. One of these seems to bethe dynamic

evolution over time which increases arousal. This feature is coded by the auditory modality,

which therefore seems to be especially prone to transport movement and action information

(Marcell et al., 2000). Handel (1989) reported about deaf persons, who did not only lose

their hearing but also lost their feeling for temporally varying features of the world. He also

stated the hypothesis that audition was the last human sense appearing in evolution and that

it served especially to detect movements.

The present data confirm, that some contents are transported more effectively by one

or the other sensory modality. For example, erotic sounds elicited stronger SCRs than

erotic pictures, whereas pictures of violence led to stronger startle facilitation, which can be

regarded as an indicator of repulsion, than sounds of violence.

With regard to the clinical research question of the present project, thesedata are

promising to reveal differential effects in the dysregulation of affectivereactivity in clin-

ical depression.

4.2 Study Two: BOLD-Responses to affective stimuli in healthy

students: Effects of modality and valence

4.2.1 Background

Besides the measurement of affective reactivity with peripheral psychophysiological meth-

ods, the measurement of brain activation adds additional information to the understanding

of dysregulation of affective reactivity in clinical depression. Therefore, the paradigm from

the psychophysiological laboratory was transfered to the magnetic resonance tomography

environment. Based on prior literature on emotional processing, the focusof the analysis

was on the following priori defined regions of interest: The amygdala, the insular cortex,

the anterior cingulate cortex, the OFC and the superior temporal sulcus (STS). Next, the

present knowledge about the function of these regions is shortly reviewed.

Theamygdalais central in the detection and reaction to threatening stimuli and the es-

tablishment of fear conditioned reactions (M. Davis & Whalen, 2001). It was also proposed

that its role is to evaluate the emotional value of sensory stimuli in general (Zald, 2003).

Especially relevant for the present approach, amygdala activity was found to be correlated

with startle reflex changes (Anders, Lotze, Erb, Grodd, & Birbaumer, 2004). Furthermore,

patients with amygdala lesions give higher trustworthiness ratings to unknownfaces than
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people with intact amygdala (Adolphs, Tranel, & Damasio, 1998) and amygdala lesioned

monkeys show decreased inhibition to begin social interactions with new mates (Emery et

al., 2001). Thus, there is solid evidence, that the amygdala is crucial for the regulation of

emotional and social behavior.

The insular cortexwas linked to interoceptive awareness in general (Critchley, Wiens,

Rotshtein, Öhman, & Dolan, 2004) and the emotion of disgust in particular (Murphy,

Nimmo-Smith, & Lawrence, 2003). In contrast to the amygdala, which reactednon-

specifically to motivationally relevant stimuli, there is evidence, that the insula more

specifically responds to personally relevant affective stimuli like snake pictures in snake

phobic individuals (Wendt, Lotze, Weike, Hosten, & Hamm, 2008). Furthermore, insula

activity was found to be linked to verbal reports of unpleasant valence (Anders et al.,

2004). Thus, in contrast to the unspecific response of the amygdala to salient stimuli, insula

activation seems to be more tightly linked to the actual feeling state.

The function of theanterior cingulate cortex(ACC) seems to be conflict monitoring

(Botvinick, Cohen, & Carter, 2004) and conscious effort (Mulert, Menzinger, Leicht, Pog-

arell, & Hegerl, 2005). It is also a region involved in the processing of pain and stimulus

intensity (Büchel et al., 2002). A devision of the ACC into an emotional ventral and a cog-

nitive dorsal section was suggested (Critchley, Tang, Glaser, Butterworth, & Dolan, 2005).

Furthermore, the ventral region of the ACC was proposed to be involved inrecognition of

emotional stimuli and the production of an emotional state, and the dorsal region was pro-

posed to be involved in the regulation of the emotional state (Phillips, Drevets, Rauch, &

Lane, 2003b). Taken together, the ACC seems to monitor and regulate the emotional state.

In theOFC, the evaluation of the reward potential of a given stimulus or situation takes

place (Rolls, 2004). It is activated in gambling tasks. Damage to this regions can impair

the learning of stimulus-response-relationships. A further fragmentation of the OFC along

two dimensions was proposed (Kringelbach & Rolls, 2004). Along the mediolateral distinc-

tion, representations of reward (medial) and punishment (lateral) are separated from each

other, and along the posterior-anterior distinction, representation of complex (anterior) and

simple (posterior) reinforcers are located. Finally, theSTSis important in social perception

(Allison, Puce, & McCarthy, 2000). The perception of social stimuli oftenhas emotional

consequences. On the other hand, emotions have social functions (Keltner & Kring, 1998).

Therefore,it was hypothesized, that the STS may be activated by emotionalstimuli and

therefore this region was included in the analysis.

Next the issue ofstimulus modalitywill discussed. Most of the aforementioned imaging

studies used visual stimulus material. Phan, Wager, Taylor, and Liberzon (2002) included

35 studies with visual stimulation but only 9 studies applying auditory stimulation in their
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metaanalysis. None of these 9 auditory studies reported activation of the amygdala and

ACC, and only 20% of insula.

Meanwhile, there have been published some studies, which have been successful in

evoking activation in emotion structures with sounds. Sander and Scheich (2001) presented

stimuli of laughter and crying and varied the attentional state by instructing to detect pitch

changes in one condition and just listening in the other condition. Amygdala activation

was found irrespective of listening condition and valence. Zald and Pardo (2002) presented

a collage of aversive environmental stimuli (e.g., nails scratching, metal scraping, dentist

drill) and compared brain activation evoked by these sounds to those evoked by white noise

in subjects who reported being highly responsive to aversive sounds.Brain areas signifi-

cantly activated by these aversive sounds were the superior temporal gyrus (STG), temporal

pole, dorsal brainstem, and amygdala. Mitterschiffthaler et al. (2007) used classical music

which varied in its emotional coloration between happy, sad, and neutral. Happy music ac-

tivated ventral and dorsal striatum, anterior cingulate, and parahippocampal gyrus, whereas

sad music activated hippocampus and amygdala. Thus, various kinds of sounds (voices,

environmental sounds, music) seem to be attractive experimental stimuli for neuroimaging

studies. However, rather than the auditory modality, the visual modality is still thepreferred

one.

The aim of the present studywas to test, whether the stimuli selected for the periph-

eral psychophysiological paradigm are also able to evoke significant valence effects in the

BOLD signal. Furthermore, it should be tested if differences between BOLD responses to

sounds and pictures can be found and whether they are associated with those found in study

1.

4.2.2 Method

Participants

Twelve healthy subjects volunteered to undergo the paradigm for visual part of the ex-

periment (picture-paradigm) and the same number of subjects participated in the auditory

part (sound-paradigm). All participants were female. The mean age of these samples was

22.3 (range: 20-26) and 22.5 (range: 19-31), picture and sound participants respectively.

They either received course credit or money as reward for participation.
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Stimulus Materials and Procedure

144 pictures from the IAPS (Emotion & Attention, 1999) and 72 sounds fromthe IADS

(IADS; Bradley & Lang, 1999) were used as stimuli. They were assignedto 12 content cat-

egories which varied according to the three factors of valence arousaland human content.

Picture categories comprised four pleasant (erotic couples, sports/adventure, families, pup-

pies/landscapes), four neutral (faces, abstract, everyday life scenes, household objects), and

four unpleasant (human attack/mutilation, accidents/guns, loss, contamination/pollution)

sets. Sound categories included four pleasant (erotics, sport, laughter, music,), four neutral

(people, synthesized abstract sounds, everyday life, nature) and four unpleasant (screams,

accidents, suffering, animal attack) sets. Each picture category consisted of 12 stimuli, each

sound category of 6 stimuli.

Stimuli were presented in a blocked presentation sequence. Each block consisted of

4 pictures (2 sounds) of the same category. Pictures were presented for 3s, sounds lasted

for 6s. Thus each block lasted for 12s and was followed by an interblockinterval, during

which a fixation cross (white crosshairs on black background) was presented, which lasted

12s as well. In each session, there were 3 blocks of each content. This block orders were

designed with the constraints that no two blocks of the same hedonic valence were presented

consecutively, no more than two consecutive blocks had the same arousal level and no

content block appeared at the same position in two of the versions. Category exemplars

were selected by a PC-shuffle device so that each participant was presented with a different

order of individual stimuli. Stimulus presentation was controlled by Presentation software

(Vers. 11.0; Neurobehavioral Systems). The pictures were back-projected onto a translucent

screen and were viewed by participants through a mirror affixed at the head coil. Auditory

stimuli were presented by using pneumatic headphones.

Subjects gave their written informed consent to the experiment approved bythe Univer-

sity of Greifswald ethics committee.

Apparatus and Data Acquisition

Images were acquired using a 1.5T Magnetom symphony system (Siemens, Erlangen,

Germany). This was supplemented by an 8-channel headcoil. Before starting with the

recording sequences, field-homogeneity was optimized by a shimming-sequence. After

aligning the images in a transversal plane parallel to the AC-PC-line on basis of a local-

izer scan a T1-weighted anatomical volume (TE = 4.88ms, flip angle = 40, FoV =192mm,

matrix = 256x256, voxel size = 0.75x0.75x3mm) was recorded. Then, the stimulus pre-

sentation was started, during which 294 echo-planar images were acquired using 33 slices

(3mm thick, 0.75mm gap) per volume (EPIs; TR = 3000ms, TE = 50ms, flip angle =90,

FoV = 192mm, matrix = 64x64, voxel size = 3x3x3mm).
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Data Reduction and Analysis

The fMRI data were preprocessed using the statistical parametric mapping software

(SPM5, Wellcome Department of Imaging Neuroscience, London, UK). Tocorrect for

movement artifacts, images were realignment using a four degree-Bspline interpolation

algorithm. Then the EPI-mean-image was coregistered with the T1-volume to optimize

normalization, important for group analysis. Normalization was done in two steps. First

the coregistered anatomical image was normalized using the T1- MNI-template, second,

the realigned EPI-images were normalized using the individual coregistered and normal-

ized T1-image. Finally, the realigned and normalized EPI-images were smoothed using a

12FWHM-Gaussian kernel. We used a high pass filter of 128ms.

The preprocessed data were subjected to a model estimation according to thegeneral

linear modeling account. In the first-level fixed effects analysis, a designmatrix was de-

fined for each participant. Each volume was assigned to either one of the twelve content

categories or the fixation cross rest period, which constituted the predictors. As additional

predictors of no interest for further statistical analysis, the movement parameters were en-

tered into the regression equation as covariates to control for the variance due to head dis-

placements. This resulted in the output of 20 beta-estimates (12 content categories, 1 fix-

ation cross period, 6 movement parameters, 1 constant). For transfer to the second level,

which takes variance between subjects into account, simple contrasts (unpleasant>neutral

and pleasant>neutral) were computed with both data sets separately to test for valence mod-

ulation in the picture and sound paradigm. These contrast maps were then transferred to the

second level to analyze the effects on the group level. The statistical threshold used to re-

port group-activations was set as p<0.05 corrected for the whole brain (false discovery rate

(FDR); Genovese, Lazar, & Nichols, 2002) and with an extent threshold of ten contiguous

voxels. Activation sites between t = 8.79 (affect>neutral in sound paradigm) and t = 10.89

(social>nonsocial in picture paradigm) fulfilled FWE-criteria (family wise error; Brown

& Russell, 1997). T-values of significant activations of the highest activated voxels were

given for the MNI-coordinates and were assigned to anatomical regions. All regions were

detected with the "Automated Anatomical Labelling" software (AAL; Tzourio-Mazoyer et

al., 2002). Additionally, regions of interest (ROI) analyses for the amygdala, the insula, the

ACC, the OFC and the STS were conducted using the AAL software again. Because the

AAL does not include a mask for the STS has been designed by selecting anarea 4mm su-

perior and inferior to the STS and restricting the anterior -posterior (y-) direction from -20

to -60 which covers the findings of eye, hand and mouth representation in prior publications

(Pelphrey, Morris, Michelich, Allison, & McCarthy, 2005; Lotze et al., 2006).



56 CHAPTER 4. EXPERIMENTS

4.2.3 Results

In the picture paradigm, unpleasant pictures evoked stronger activations than neutral pic-

tures in the cerebellum, the temporal lobe, the inferior frontal gyrus, the limbicand the

frontal lobe. This contrast was significant bilaterally in the following ROIs:Amygdala and

STG. Pleasant pictures evoked stronger activations then neutral pictures in the middle tem-

poral and occipital gyrus. Of the ROIs, only voxels in the left STG reached significance for

this contrast. In thesound paradigm, unpleasant sounds evoked stronger activations than

neutral sounds bilaterally in the STG. This contrast was significant bilaterally in the insular

cortex. Pleasant sounds evoked stronger activations then neutral sounds in the bilaterally in

the STG. Of the ROIs, only voxels in the ACC reached significance for this contrast. These

results are summarized in Table 4.8.

Table 4.8: T-Contrasts: unpleasant>neutral and pleasant>neutral by modality. Whole brain activa-
tion significant and regions of interest.

Region Side MNI-Coordinates kE T-Score pFDR
x y z

Pictures
unpleasant > neutral

Cerebellum L -21 -63 -15 8513 10.68 .001
Temporal lobe R 33 -6 -15 427 5.56 .002
Inferior frontal gyrus L -45 21 -6 393 5.46 .003
Limbic lobe L -27 -36 -9 210 5.06 .004
Frontal lobe R 30 30 -3 177 4.61 .005

Amygdala L -24 -3 -21 3.45 ROI .013
R 30 -3 -18 5.49 ROI .012

STS L -54 -63 3 5.62 ROI .014
R 57 -51 9 5.20 ROI .014

pleasant > neutral
Middle temporal gyrus R 48 -69 0 761 14.95 .000
Middle occipital gyrus L -39 -69 3 1391 10.38 .000

STS L -51 -63 3 5.52 ROI .038
Sounds

unpleasant > neutral
STG R 57 -12 -9 511 10.96 .004

L -63 -33 6 467 10.66 .004

Insula L -33 24 -9 5.22 ROI .039
R 36 21 -21 6.02 ROI .032

pleasant > neutral
STG L -63 0 -9 632 13.97 .001

R 63 -6 0 527 9.94 .001

ACC L -9 36 0 4.73 ROI .003
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In figure 4.5 the dissociation between pictures and sounds in the amygdala and insula is

graphically presented. Only unpleasant picture increased amygdala activity in comparison

to neutral pictures, whereas only unpleasant sounds increased insular activation in compar-

ison to neutral sounds.
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Figure 4.5: Whole brain activation of the contrast unpleasant>neutral by modality. White circles
indicate the amygdala (x=30, y=-3, z=-18) and the insula (x=36, y=21, z=-21). Valence of the pic-
tures affected amygdala activation more than valence of thesounds, whereas valence of the sounds
affected insula more than valence of the pictures.
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In figure 4.6 the modality effect on ACC activation is depicted. Erotic soundswere the

category which activated this regions significantly more than any other stimulusmaterial of

the present experiment.
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Figure 4.6: ROI activation in the ACC. Mean parameter estimates were derived from the clusters
(6mm sphere, 33voxels) of maximum activation within the ACC(pictures: x=-6, y=12, z=27; sounds:
x=6, y=21, z=18). Only in the sound paradigm, the erotic category induced significant stronger ACC
activation than any other category.
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4.2.4 Discussion

In both paradigms, significant differences in brain activation between affective stimuli of

both valences and neutral stimuli were found. The region, which showedsignificant voxels

in all four contrast, was the STG. In earlier studies, this region was identified as a pos-

sible neuronal substrate of social perception and cognition. For exampleit was activated

when viewing meaningful gestures compared to senseless movements (Lotzeet al., 2006),

and when subjects had to make judgments about faces of people introducedas intentional

and non-intentional agents in a prisoner‘s dilemma task (Singer, Kiebel, Winston, Dolan,

& Frith, 2004). The current results of the involvement of this region in emotional process-

ing suggest, that social and emotional perception are closely linked to eachother. Both,

social and emotional stimuli are highly motivational relevant and a lot of social stimuli are

emotionally relevant. On the other hand, a lot of emotional stimuli evolve in a social con-

text. The consistency between the activation patterns of both stimulus modalities used in

the present study underlines the reliability of this finding.

However, there were also differences between the modalities. Only bypictures the

amygdalawas differentially activated between unpleasant and neutral stimuli, whereas the

same was true for theinsula in thesoundparadigm.

Most studies investigating the function of the humanamygdalaused visual stimuli.

Some of these studies used very short stimulus durations and never the lessfound amygdalar

responses (Öhman, 2002). Thus, the amygdala seems to be very sensitive to (unpleasant)

visual stimuli. With regard to the threat detection function of the amygdala, this preference

for visual information is sensible. All visual information relevant for the evaluation of

threat or safety is present immediately after onset. As mentioned earlier, this isnot the case

in the auditory modality. Therefore, visual information is more appropriate than auditory

information for situations in which immediate action is required to ensure survival.

The insular cortexhas been shown to be involved in interoceptive awareness (Critchley

et al., 2004) and arousal measured as SCRs (Critchley, 2002). The stronger effect of un-

pleasant sounds compared to unpleasant pictures on the insula in the present imaging study

is especially interesting because the first experiment of this thesis showed atendency of

stronger SCRs to sounds than to pictures. Thus, the data of this thesis replicate thestronger

arousal potential of soundscompared to pictures with two different dependent measures in

different responses levels.

However, the inconsistency with respect to the valence in which the modality effect

was found must be mentioned as well. TheSCRswere stronger topleasant soundsthan

pleasant pictures, whereas the potentiation ofinsular activationwas stronger tounpleasant

soundsthan unpleasant pictures compared to the respective neutral stimuli. The functional
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context and the reliability of this interaction effect between valence, response level and

stimulus modality cannot be inferred by the present data. Further studies are needed. How-

ever, a working hypothesis for future studies may be that withdrawal is regulated top-down,

whereas approach is regulated bottom-up. To avoid aversive events, itis important to cogni-

tively anticipate them. If this was unsuccessful, then a closing of the sensory channels may

be helpful to reduce the intensity of the experience. An extreme form of thisis the phe-

nomenon of dissociation which is found in traumatized people. The opposite maybe the

case in pleasant events. In this case, the sensory channels are opened to allow as much input

as possible. The neuroanatomical substrate of this regulation may be a coupling mechanism

between the ACC and the thalamus.

A further modality difference in the activations of the ROIs was found for the ACC.

Only for sounds, this region was more activated by pleasant than by neutral stimuli. The

ACC is suggested to be important in the regulation of affective state (Phillips etal., 2003b).

Analyses of the reactions to the different content categories showed thestrongest ACC

reaction to the erotic category. The strong ACC activation to erotic material maybe the

result of the attempt to either increase or decrease the affective reaction. Following the

argument of the preceding paragraph and the potentiation of SCRs to eroticstimuli found

in study 1, the ACC activation should be interpreted as the result of the up-regulation of

affective reactivity. An argument for the interpretation of the ACC activation as an indicator

of down-regulation is that the subjects may have regarded strong reactions to erotic stimuli

in an experimental context as inadequate or shameful and therefore triedto reduce their

reactions to this stimulus material.

To summarize, the present paradigm was able to activated the relevant brain structures.

In addition, interesting differences in the responses to pictures and sounds were found. The

paradigm appears to be helpful for the investigation of the dysregulation of brain function

underlying the deficits in affective reactivity of depressed patients.

4.3 Study Three: Affective reactivity in depressed patients

and age and gender matched controls: Effects of stimulus

modality and valence

After conducting these experiments with healthy participants, data from depressed patients

were collected. All patients participated in the blocked paradigm to measure peripheral

psychophysiological parameters of affective reactivity. A subsample was also invited to

take part in the fMRI picture paradigm.
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4.3.1 Background

The theoretical background and empirical evidence was already discussed in chapter 2.2.

The research questions and hypothesis were presented in chapter 3. The reader is therefore

asked to refer to these chapters for the rational and framework of the present experiment.

4.3.2 Method

Participants

Outpatients were recruited from the psychotherapeutic ambulance belonging to the uni-

versity of Greifswald. They were referred to by their therapists after having been inter-

viewed with a standardized clinical interview (DIPS; Margraf, 1994). Inclusion criterion

was a disorder of the depressive spectrum as main diagnosis. Exclusioncriteria were co-

morbid substance abuse and post traumatic stress disorder to avoid triggering of flashbacks

by the stimulus material. Inculsion criteria for the healthy controls was the absence of any

current psychological disorders. This was ensured by the answering the German version of

the Screening questionnaire (SSQ) of the DIA-X clinical interview (H. Wittchen & Pfister,

1997).

Both, the patient and control sample consisted of 11 women and 3 men. The mean

age of both samples was 42. Except for two patients, all were taking at least one kind of

antidepressant medication and three were using 2 antidepressant medications. Their mean

BDI score (self-report depression questionnaire) was 23.5 (SD: 7.6, range: 13 - 40). Their

mean HAMD score (clinician rating, (Hamilton, 1960)) was 17.2 (SD: 4.2, range: 12-25).

Table 4.9 gives an overview over sample characteristics and medications.5 6

Table 4.9: Characteristics (gender, age, and BDI-score) ofpatient and control sample.

patients controls

gender female 11 11
male 4 4

age M 42 42
SD 9.9 9.6

BDI M 23.5 3.15
SD 7.6 2.4

5The HAMD of 3 patients is missing.
6The BDI of 2 patients and 2 controls is missing.
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Table 4.10: Specification of medication by medication classand active ingredient taken by the ex-
amined patients.

medication class active agent number of patients
Anti-depressants Tricyclica trimipramin 2

doxepin 4

SSRI sertraline 2
citalopram 1
escitalopram 1

Tetracyclica Opipramol-2HCl 2

SNRI duloxetin 1

Other venlafaxin 1
mirtazapin 4

Hypnotica zolpidem 1
chlorprothixen 1

Anti-hypertonica nebivolol 1

Thyroida levothyroxin 1

All except one patient were taking antidepressant medication. In addition,some patients

were taking other kinds of medication, like anti-hypertonica and thyroida.7 Table 4.10 gives

an overview of the medications and their specifications taken by the participants.

The participants were diagnosed with a variety of affective disorders belonging to the

depression spectrum (see table 4.11).

Furthermore, some had a secondary diagnoses. All comorbid diagnoseswere some sort

of anxiety disorder (see table 4.12).

Table 4.11: Specification of depression diagnoses by ICD-10code of the examined patients. Number
of cases given in brakets.

Depressive Subtype Severity(Cases)

Major Depressive Episode (F32) weak(0) medium(2) severe(1)
Recurrent Depressive Episode (F33) weak(2) medium(4) severe(0)
Sustained Mood Disorder (F34) Dysthymia(1)
Reaction to severe stress (F43) Adaptation disorder(1)

7One patient was taking a hypertension medication which was not further specified
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Table 4.12: Comorbid diagnoses of the patients included in the sample.

Comorbidities cases

Agoraphobia with panic 1
Social phobia 3
Specific phobia 1
Generalized anxiety disorder 2

Stimulus material and design

The identical stimulus material and design as described in chapter 4.1.2 was used.

Procedure

The identical procedure as described in chapter 4.1.2 was used.

Apparatus and data acquisition

The identical apparatus and data acquisition as described in chapter 4.1.2 was used.

Data reduction and analysis

The identical data reduction procedure as described in chapter 4.1.2 wasused.

First, 2x2x3-ANOVAs were computed with group as a between-group factor and va-

lence and modality as within-group factors to test interactions between group, modality and

valence. Due to the small sample size, there was not enough power to detectgroup dif-

ferences by this statistical approach. Therefore, t-tests were computedto test the a priori

hypothesis (unpleasant vs. neutral and pleasant vs. neutral).

4.3.3 Results

Self-Reports of valence

Table 4.13 shows the mean and standard deviations of the self report ratings by group,

modality and valence.

As expected, the valence reports differed according to the valence of the stimuli (F(2,54)

= 74.080, p<.001). In addition, there was a main effect of group (F(1,27) = 13.139, p<.005,

η2 = .327). Patients rated their feelings as more unpleasant than did the healthy controls (see

figure 4.7). This was true for all content categories (smallest difference for low arousing

non-social unpleasant contents: t(27)= 2.209, p<.05; biggest difference for high arousing

non-social pleasant contents: t(27) = 4.116, p<.001). No modality difference was found in

the self-reports of valence (F(1,27)<1). Neither valence (F(2,54)<1, η2 = .013) nor modality

(F<1,η2 = .003) significantly interacted with group. However, the three way interaction was
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Table 4.13: Mean(SD) reported valence and arousal by group,modality and valence.

patients controls p<.004
Valence
pictures pleasant M 3.09 1.83 *

SD 1.11 0.75
neutral M 3.77 2.18 *

SD 1.01 1.16
unpleasant M 6.00 4.07 *

SD 1.44 1.73
sounds pleasant M 3.59 2.08 *

SD 1.30 0.85
neutral M 4.18 2.55

SD 1.60 1.38
unpleasant M 4.91 3.57

SD 1.60 1.97
Arousal
pictures

pleasant M 3.83 2.22
SD 2.13 1.01

neutral M 3.92 1.85 *
SD 2.06 0.81

unpleasant M 5.13 3.18 *
SD 1.51 1.38

sounds
pleasant M 3.69 2.17

SD 2.33 0.92
neutral M 3.69 2.15

SD 2.39 1.08
unpleasant M 4.27 2.90

SD 2.00 1.44

marginally significant (Modality x Valence x Group: F(2,54) = 2.427, p<.10,η2 = .082).

Only the patient group reported to feel more unpleasant after unpleasant pictures than after

unpleasant sounds (t(13) = 2.570, p<.05). This contrast was not significant in the control

group (t(14) = 1.936, p>.05).

Thea priori t-testsshowed that both groups reported to feel more unpleasant after un-

pleasant than after neutral stimulation (patients: t(13) = 9.88, p<.001; controls: t(14) =

7.119, p<.001)and to feel more pleasant after pleasant than after neutral stimulation (pa-

tients: t(13) = -3.229, p<.01; controls: t(14) = -2.039, p<.1).
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Figure 4.7: Average self-reported valence as a function of content category and group.

Self-Reports of arousal

The arousal reports differed according to the valence of the stimuli (F(2,50) = 40.006,

p<.001). In addition, there was a main effect of group (F(1,25) = 8.033,p<.01,η2 = .243).

Patients reported to be more aroused than healthy controls. The arousal ratings did not

differ between the two stimulus modalities (F(1,25) = 2.409, p>.05). Furthermore, neither

valence (F(2,50) = 0.478, p>.05,η2 = .019) nor modality (F(1,25) = 2.161, p>.05,η2 =

.080) interacted with group. The three way interaction was not significant as well (F(2,50)

= 1.447, p>.05,η2 = .055).8

Following Dunn et al. (2004), the differences in arousal ratings between pleasant and

neutral as well as between unpleasant and neutral were computed. Thegroup comparison of

the pleasant-neutral difference was marginally significant (t(26)= -1.990, p<.1), whereas the

group comparison of the unpleasant-neutral difference was not significant (t(26) = -0.347,

p>.7) (see figure 4.8).

Startle responses

Habituation startle responses

There was no group difference found in the habituation startles (t(26) = 1.343, p>.1).

8The rating data of one patient is missing. Two further patients did not give valid arousal ratings
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Figure 4.8: Valence potentiation (pu= unpleasant - neutral; pp= pleasant - neutral) of reported
arousal as a function of group. Left panel: pp; right panel: pu

Group effects in raw data

Neither the startle responses during (F(1,26)<1, p>.7,η2 = .004) nor after (F(1,26)<1,

p>.6,η2 = .009) the stimulation blocks differed between the groups.

Block-Startle responses (t-transformed)

Table 4.14 shows the mean and standard deviations of raw startle responses by group,

modality and valence.

Table 4.14: Mean(SD) startle amplitudes (µV) by group, modality, and valence during stimulation
blocks.

patients controls
Pictures pleasant M 14.02 12.76

SD 18.32 18.64
neutral M 14.84 10.93

SD 22.97 13.78
unpleasant M 17.37 13.39

SD 20.32 16.64
Sounds pleasant M 9.91 9.37

SD 17.15 15.93
neutral M 7.79 7.50

SD 8.67 13.08
unpleasant M 9.95 9.39

SD 12.72 19.14

The valence modulation was marginally significant (F(1,52) = 2.610, p<.1). However,

when computing separate ANOVAs for both modalities, the valence effect for pictures was
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Figure 4.9: Average amplitude of startle responses (T-Scores) as a function of stimulus valence by
group and trial type. Left panels: pictures; right panels: sounds.

significant (F(2,52) = 3.358, p<.05,η2 = .11) whereas the valence effect for sounds was

far from significance (F(2,52)<1, p>.6,η2 = .014). Responses to startle probes during pic-

ture blocks were significantly stronger than during sound blocks (F(1,26) = 8.001, p<.01).

Neither valence (F(2,52)<1,η2 = .022), nor modality (F(1,26)<1,η2 = .006) interacted sig-

nificantly with group. The three way interaction was not significant as well (F(2.52)<1,η2

= .025). These results are illustrated in figure 4.9.

The a priori t-testsshowed that only the controls exhibited potentiation to unpleasant

compared to neutral stimulation (t(14) = 2.410, p<.05) whereas the patients didnot (t(12)=

1.196, p>.1). Both groups did not exhibit attenuated startle responses to pleasant compared

to neutral stimulation (patients: t(12) = -0.150, p>.1; controls: t(14) = 1.445,p>.1).

Post-Block-Startle responses (t-transformed)

The valence of the preceding block did not effect the amplitude of the post-block startle

(F(2,52)<1). However, the post-block startle responses were stronger after picture than after

sound blocks (F(1,26) = 10.402, p<.005). Neither valence (F(2,52) =2.303, p>.1,η2 =.081)

nor modality (F(1,26)<1,η2 = .017) interacted significantly with group. However, the three

way interaction of modality, valence and group was significant (F(2,52) = 3.813, p<.05,η2
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=.128). Only after picture blocks in the patient groups, marginal significant arousal effects

with smaller responses after affective than neutral differences were found (pleasant<neutral:

t(12) = -1.875, p<.1; unpleasant<neutral: t(12) = 2.119, p<.1).

Skin conductance responses (SCR)

Table 4.15 shows the mean and standard deviations of raw SCRs by group,modality

and valence.

Group effects in raw data

There was no group effect in the unprocessed amplitude of the SCRs (F(1,26)<1, p>.6).

SCRs during the stimulation blocks (differences to pre-block-baselines)

Modality significantly influenced the amplitude of the SCRs (F(1,26) = 4.489, p<.05,

η2 = .147). Responses during sound blocks were stronger than during picture blocks. Fur-

thermore, valence modulated the SCR-amplitude (F(2,52)= 4.367, p<.05,η2 = .144). Group

neither interacted with modality (F(1,26)<1, p>.3,η2 =.033) nor with valence (F(2,52)<1,

p>.4,η2 = .033). In addition, the three-way-interaction was not significant (F(2,52)<1, p>.8,

η2 = .004). These results are illustrated in figure 4.10.

Table 4.15: Mean(SD) SCR amplitudes (µS) by group, modality, and valence during stimulation
blocks.

patients controls
Pictures pleasant M 0.042 0.048

SD 0.049 0.038
neutral M 0.042 0.048

SD 0.049 0.038
unpleasant M 0.042 0.048

SD 0.049 0.039
Sounds pleasant M 0.035 0.042

SD 0.049 0.035
neutral M 0.035 0.042

SD 0.049 0.035
unpleasant M 0.034 0.041

SD 0.048 0.035
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Figure 4.10: Average amplitude of SCRs (µS) as a function of stimulus valence by group. Left panel:
pictures; right panel: sounds.

Although time had a significant effect on the amplitudes of the SCRs (f(6,156)= 12.042,

p<.001,η2 = .317), it did not interact with group (F(6,156) <1, p>.6,η2 = .028), but with

valence (F(12,312) = 2.229, p<.05,η2 = .079).

The a priori t-testsshowed that only the controls but not the patients tended to react

more strongly to pleasant (patients: t(13) = 1.370, p>.1; controls: t(13) = 2.053, p<.1) and

unpleasant (patients: t(13) = 1.506, p>.1; controls: t(13) = 1.968, p<.1) than to neutral

stimuli in this measure.

Heart rate

Table 4.16 shows the mean and standard deviations of heart rate by group, modality and

valence.

Table 4.16: Mean(SD) heart rate (∆bpm) by group, modality, and valence during stimulation blocks.

patients controls
Pictures pleasant M 74.26 67.11

SD 8.70 9.27
neutral M 74.75 67.14

SD 9.54 9.45
unpleasant M 74.87 67.01

SD 8.98 10.05
Sounds pleasant M 74.32 67.28

SD 10.40 8.95
neutral M 74.47 67.16

SD 10.25 9.20
unpleasant M 74.56 66.95

SD 9.89 9.26
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Group effects in raw data

Heart rate during the stimulation blocks differed marginally between groups (F(1,24) =

4.022, p<.1). Patients had higher heart rates than controls. This was alsotrue during the

post block interval (F(1,24) = 4.246, p=.05).

Heart rate during the stimulation blocks (differences to pre-block-baselines)

Heart rate during the stimulation blocks was not influenced by modality (F(1,24) =

1.348, p>.2,η2 = .053), valence (F(2,48)<1, p>.5,η2 = .022) and group (F(1,24) = 2.692,

p>.1, η2 = .101). Furthermore group did neither interact with modality (F(1,24)<1, p>.9,

η2 = .000) nor with valence (F(2,48) = 1.566, p>.2, eta=.061). The three-way-interaction

of Modality x Valence x Group was not significant (F(2,48)<1, p>.716, eta=.014). These

results are illustrated in figure 4.11.

Thea priori t-testsshowed that only the controls but not the patients had significantly

higher heart rate during pleasant compared to neutral stimulation (controls: t(14) = -0.554,

p>.1; patients: t(14) = 3.233, p<.01). In both groups, heart rate did notdiffer between

unpleasant and neutral stimulation (patients: t(14) = -0.193, p>.1; controls: t(14) = -0.044,

p>.1).
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Figure 4.11: Average heart rate (∆beats per minute) as a function of stimulus valence by group and
trial type. Left panels: pictures; right panels: sounds.
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In an exploratory analysis, which included time as an experimental factor, asignificant

interaction between time and group was detected (F(6,144) = 7.919, p<.005,η2 = .248).

Heart rates of patients accelerated during the second half of the stimulation blocks, whereas

the heart rates of the control participants stayed a low level during the whole block (see

figure 4.12).

Heart rate during the post-block interval (differences to pre-block-baselines)

Heart rate during the post-block intervals was influenced by modality (F(1,24) = 8.414,

p<.01,η2 = .260). It was higher after sound- than after picture blocks. However, it was not

influenced by valence (F(2,48)<1, p>.4,η2 = .033). Furthermore group did neither interact

with modality (F(1,24)<1, p>.6,η2 = .010) nor with valence (F(2,48)=1.464, p>.241,η2

= .057). The three-way-interaction of Modality x Valence x Group was notsignificant

(F(2,48)<1, p>.761,η2 = .011).

Post-hoc tests of between group differences of heart rate during andafter pleasant and

unpleasant stimulation, showed, that controls only decelerated stronger than patients during

and after unpleasant (during unpleasant blocks: patients vs. controls: t(24) = 2.081, p =

.048; after unpleasant blocks: t(24) = 2.296, p = .031) but not during and after pleasant

stimulation (during pleasant stimulation: t(24) = 0.742, p = .466; after pleasantstimulation:

t(24) = 0.908, p = .373).
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Figure 4.12: Average heart rate (∆beats per minute) as a function of time by group.
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EMG activity of Corrugator muscle

Table 4.17 shows the mean and standard deviations of corrugator activity by group,

modality and valence.

Group effects of in raw data

Neither the corrugator activity during (F(1,28)<1, p>.5,η2 = .014) nor after (F(1,28)<1,

p>.4,η2 = .019) the stimulation blocks differed between the groups.

Corrugator activity during the stimulation blocks (differences to pre-block-
baselines)

As expected, corrugator activity differed according to the valence of the stimulation

blocks (F(2,56) = 21.58, p<.001). It did not differ between modality (F(1,28) = 2.067,

p>.1). Furthermore, it did not differ between groups (F(1,28)<1, p>.8, η2 = .002). In addi-

tion, neither valence (F(2,56)<1,η2 = .016) nor modality (F(1,28)<1,η2 = .031) interacted

significantly with group. The three way interaction was not significant as well (F(2,56)

1.455, p>.1, eta= .049). These results are illustrated in figure 4.13.

The a priori t-testsshowed, that both groups increased corrugator activity during un-

pleasant stimulation (patients: t(14) = 3.564, p<.005; controls: t(14) = 2.384, p<.05) and

decreased it during pleasant stimulation compared to neutral stimulation (patients: t(14) =

4.091, p<.005; controls: t(14) = 3.101, p<.01).

Table 4.17: Mean(SD) corrugator activity (µV) by modality and valence during and after stimulation
blocks.

patients controls
Pictures pleasant M 3.36 3.83

SD 2.27 2.56
neutral M 3.56 4.27

SD 2.19 2.71
unpleasant M 3.95 4.81

SD 2.28 3.23
Sounds pleasant M 3.29 3.69

SD 2.19 2.82
neutral M 3.30 3.68

SD 2.01 2.94
unpleasant M 3.73 4.20

SD 2.42 3.12
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Figure 4.13: Average corrugator activity (µV) as a functionof stimulus valence by group and trial
type. Left panels: pictures; right panels: sounds.

Effect of social content on corrugator muscle activity during the stimulation
blocks

In an exploratory analyses, it was tested whether corrugator reactivitywas influenced

by social content of the stimuli and whether group differences can be found. To answer

this question a 2(valence: pleasant vs. unpleasant) x 2 (social content:yes vs. no) x

2 (group: patients vs. controls) ANOVAs were conducted on corrugator and zygomatic

activity. For corrugator activity, the interaction of valence and social content was significant

(F(1,28) = 8.996, p< .01), whereas the three way interaction of Valence xSocial Content x

Group was not significant (F(1,28)<1,η2 = .012). Post-hoc tests revealed that corrugator

activity to unpleasant stimuli was not influenced by social content (controls: t(14) = 1.020,

p>.1; patients: t(14) = 1.697, p>.1), whereas corrugator activity to pleasant stimuli was

influenced by social content (controls: t(14) = -2.097, p<.1; patients: t(14) = -2.233, p<.05).

Corrugator muscle relaxed more during pleasant-social than pleasant-nonsocial stimulation.

These results are illustrated in figure 4.14.
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Figure 4.14: Average EMG activity (µV) as a function of social content by group. Top panels:
corrugator; bottom panels: zygomaticus.

Corrugator activity during the post-block interval (differences to pre-block-
baselines)

Even after the stimulation corrugator activity differed according to the valence of the

preceding block (F(2,56) = 19.234, p<.001). However, the modality effect was no longer

significant (F(1,28) = 1.951, p>.1). Similar to the stimulation period, no group difference

was found in the corrugator activity during the post block interval (F(1,28) = 0.179, p>.5,

η2 = .006). Neither valence (F(2,56)<1,η2 = .004) nor modality (F(1,28)<1,η2 =.000)

did interact significantly with group. The three-way-interaction was not significant as well

(F(2,56) = 1.621, p>.1, eta= .055).

EMG activity of Zygomatic muscle

Table 4.18 shows the mean and standard deviations of zygomatic activity by group,

modality and valence.

Group effects in raw data

Neither the zygomatic activity during (F(1,27)<1, p>.6,η2 = .010) nor after (F(1,27)<1,

p>.4,η2 = .017) the stimulation blocks differed between the groups.

Zygomatic activity during the stimulation blocks (differences to pre-block-
baselines)
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Table 4.18: Mean(SD) zygomaticus activity (µV) by group, modality, and valence during stimulation
blocks.

patients controls
Pictures pleasant M 1.80 1.17

SD 4.8 1.7
neutral M 1.86 1.11

SD 4.49 1.10
unpleasant M 1.76 1.05

SD 4.07 1.05
Sounds pleasant M 1.76 1.40

SD 3.44 1.58
neutral M 1.69 1.37

SD 3.40 1.66
unpleasant M 1.80 1.26

SD 3.76 1.46

Contrary to expectation, zygomatic activity was not significantly modulated by the va-

lence of the stimulation block (F(2,54) = 1.831, p>.1). However, when computing sepa-

rate ANOVAs for both modalities, the valence effect for sounds was marginally significant

(F(2,54) = 2.416, p<.12,η2 = .082) whereas the valence effect for pictures was far from

significance (F(2,54)<1, p>.6,η2 = .017).

Furthermore, there was no difference between modalities (F(1,27) = 2.499, p>.1).

Groups did not differ in the zygomatic responses as well (F(1,27)<1, p>.5, η2 = .014).

Neither valence (F(2,54)<1, p>.3,η2 = .034) nor modality (F(1,27)<1, p>.8,η2 =.085)

did interact significantly with group. The three was interaction was not significant as well

(F(2,54)<1, p>.4, eta= .032). These results are illustrated in figure 4.15.

Thea priori t-testsshowed that only the controls tended to differentiate between pleasant

and neutral stimulation in this measure (patients: t(13) = 1.147, p>.1; controls:t(14) =

1.820, p<.1). In both groups, no difference was found between unpleasant and neutral

stimulation in this measures (patients: t(13) = 0.889, p>.1; controls: t(14) = -0.699, p>.1)

Zygomatic activity during the post-block interval (differences to pre-block-
baselines)

Non of the main effects was significant (Valence: F(2,54) = 2.323, p>.1; Modality:

F(1,27)<1, p>.5; Group: F(1,27) = 1.323, p<.2,η2 = .047). The interaction between va-

lence and group was marginally significant (F(2,54) = 2.424, p<.1,η2 = .082). Only in the

patient group, zygomatic activity was stronger after pleasant than after unpleasant stimula-

tion blocks (pleasant vs. unpleasant: patients: t(13)=3.023, p<.05; controls: t(14) = -0.237,
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Figure 4.15: Average zygomaticus activity (µV) as a function of stimulus valence by group and trial
type. Left panels: pictures; right panels: sounds.

p>.8). Modality did not interact with group (F(1,27)<1, p>.5,η2 = .012). Furthermore, the

three way interaction was not significant (F(2,54) = 1.078, p>.3,η2 = .038).

4.3.4 Discussion

The results do not uniformly support one of the three views described in the introduction.

The pattern of group differences varied between the response levels.

The clearest group differences were found in theself-reports. Patients reported to feel

more unpleasant and more aroused than healthy controls. This finding is different from any

of the predictions derived from the three hypothesis of dysregulation ofaffective reactivity

in clinical depression introduced in chapter 2.2. The present data show ashift toward the

negative pole of the valence dimension (see figure 4.7), which is not a negative potentia-

tion, because patients did not only report to feel more unpleasant after unpleasant stimuli

compared to controls but after all stimuli. Furthermore, this result does not fit to the con-

text insensitivity hypothesis, because the valence modulation was not reduced in the patient

compared to the control group.
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The only evidence for one of the three hypothesis is found in the arousalratings and

is in favor of the positive attentuation hypothesis. The patients showed a deficit in arousal

reports to pleasant but not to unpleasant stimuli (see figure 4.8). This is congruent with

the findings of Dunn et al. (2004). However, they also found a positiveattenuation in the

valence ratings, which was not found in the present data.

Furthermore, in contrast to the present study, Dunn et al. (2004) found no group main

effect in the valence ratings. However, they reported a main effect in thearousal ratings,

with lower arousal ratings in the depressed than in the control group and thus in the opposite

direction compared to the present data. It is unlikely that this difference derives from differ-

ences in sample characteristics, because the gender proportion, age and BDI scores are very

alike in both studies. Furthermore, the comorbidity of anxiety disorders was comparable

in both groups. In addition, participants in both patient samples were taking antidepressant

medication.

Therefore, the difference may be ascribed to the difference in the experimental

paradigm. The same stimuli were used (IAPS-pictures), but not the same timing. In the

present study, each picture was presented for six seconds and all 12pictures of the same

content category were presented in a row. Then a 15s inter-trial interval (ITI) followed.

The self-report ratings were not given until this ITI ended. In the Dunn et al. (2004) study,

each picture was presented for ten seconds, then a three second ITI followed during which

the ratings were given. Then the next picture of the same valence appeared. Valence blocks

were separated by one minute. Moreover, the rating procedure itself differed between the

studies. In the present study, the SAM visual-analogue-scales (VAS) of valence and arousal

were used to indicate the instantaneous feeling. In the Dunn et al. (2004) study, subjects

first rated the intensity of their momentary happiness, sadness, and fear on a 100point

VAS and then evaluated the pictures by giving valence and arousal ratings with a 9point

affect grid. Thus, the four major differences concerning the rating procedure of the two

studies are,first, rating given after each picture versus after a block of pictures,second,

rating given immediately after the picture versus rating given 15 seconds after offset of

the pictures,third, dimensional ratings of valence and arousal were given additional to

categorical ratings of happiness, sadness and fear versus valenceand arousal ratings have

been the only ratings,fourth, the dimensional ratings were evaluations of the stimuli versus

the dimensional ratings were evaluations of the subjective feeling state. Therefore, in the

present study, the self-reports of valence and arousal are indicators of the prolonged affect

induced by massed stimulation, whereas in the Dunn et al. (2004) study, the valence and

arousal ratings are immediate evaluations of the stimuli. Therefore, the overall negativity

bias in the present study may represent the tonic affective tone, whereas the deficient
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reaction to the pleasant stimuli found in the Dunn et al. (2004) study may represent a lack

in phasic oscillation of short term affective reactivity.

To summarize, in the self-report data of the present study, there is evidence for a gen-

erally increased feeling of unpleasantness and arousal as well as forpositive attenuation in

affective reactivity of depressed patients.

The results of thestartle responsesare less clear. The valence effect with stronger

responses during unpleasant than to pleasant stimulation was only significant during picture

blocks. The lack of a significant valence modulation during sound blocks may be due to the

relatively small sample size and therefor to less power to detect significant changes in the

smaller startle responses to sounds than to pictures.

There were no significant group main effects for this measure. This is contrary to the

three previously published studies on startle modulation in clinical depression(Dichter et

al., 2004, Kaviani et al., 2004, Allen et al., 1999). In the present study,both groups showed

a deficit in inhibition of the startle response during pleasant stimulation. This maybe due

to the relatively old age of the participants. The majority of studies investigating affective

reactivity in the healthy population recruit their samples in university courses. These par-

ticipants are normally in their early twenties. To people in this age, pleasant material like

erotics and adventure sports does have a greater attraction than to peoplein their fourties.

Although the participants in the Dichter et al. (2004) study had the same age, this sample

had a higher proportion of male participants than ours. This may have a special impact

on results of the reactivity to pleasant material. Sabatinelli, Flaisch, Bradley,Fitzsimmons,

and Lang (2004) found greater extrastriate activation in men than women during the view-

ing of erotic pictures. Therefore, the lack of startle inhibition during pleasant material in

the present study does not seem to be due to a depressogenic positive attenuation.

In contrast, what seems to be associated with depression is a lack of negative poten-

tiation. During picture blocks controls, but not depressed patients, reacted significantly

stronger to startle probes during unpleasant than to neutral pictures. A tendency in this

direction was also present during the post-block interval. This argues for thecontext insen-

sitivity viewand is consistent with the results of Dichter et al. (2004) and Kaviani et al.

(2004). They both found a loss of context adequate modulation of startle responses.

More difficult to explain is the arousal effect after picture blocks in the patient group.

Startle responses after pleasant and unpleasant picture blocks were smaller than after neu-

tral picture blocks. Although this pattern was found in some studies before (e.g., Dichter,

Tomarken, & Baucom, 2002, Dichter et al., 2004, Bradley, Codispoti, & Lang, 2006), it

is surprising, that in the present data, it is only found in the patient group.This may be

explained by a longer effect of the arousal than of valence in the patientswhereas for the
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controls the opposite was true. If this interpretation would be true, the reduced impact of va-

lence on the post-block startle in the patient group compared to the control group is further

evidence for emotion context insensitivity hypothesis.

Congruent with the expectation,corrugator activitywas significantly modulated by the

valence of the stimuli. This was true in both groups during and even after stimulation for

both modalities.

Only the variable social content did clearly influence the valence modulation.This is not

surprising as the function of the facial display is social interaction and communication of

the internal feeling state. The difference between corrugator activity during pleasant and un-

pleasant stimuli was stronger during social than during non-social stimuli. This was mainly

due to the strong relaxation of corrugator activity during pleasant socialstimuli. Gehricke

and Shapiro (2000) reported increases in smiling when imagining a happy social situation

in comparison to imagining a happy solitary situation. They did not find a difference of

eye brow activity between the imagination of a sad social versus non-social situation. Thus,

both Gehricke and Shapiro (2000) and the present study only the reactions to pleasant and

not to unpleasant stimuli were modulated by social context. In another study, Gehricke and

Shapiro (2001) detected a deficit of social context modulation of facial display in depressed

participants. The eye-brow activity during imagery of a sad episode was stronger when

another person was present than when the subject was alone. However this effect was only

found in the non-depressed and not in the depressed group. The lackof a similar group

effect in the present data may again be due to the experimental paradigm. The physical

presence of another person, as in Gehricke and Shapiro (2001), mayhave been a factor with

stronger discrimination potential than the differentiation due to the contents of the stimuli in

the present study. Nevertheless, as far as I know, this is the first studywhich demonstrated

an influence of social content of visually and acoustically presented stimulion a measure of

facial EMG.

Next, the results of two parameters of theautonomic nervous system, which were mea-

sured in the present experiment, will be discussed. The amplitude of theSCRswas modu-

lated by the experimental factors of stimulus modality, stimulus valence, and blockduration.

First, the arousal effect with stronger responses to pleasant and unpleasant compared

to neutral stimuli, was replicated. SCR is known to indicate the subjective arousal level.

Lang et al. (1993) found an association between SCR magnitude and arousal ratings. In

the present study, the arousal of the stimuli had a smaller effect on SCRs inthe patient than

in the control group. A reduced phasic and tonic skin conductance in depressed patients

was reported several times (e.g. Williams, Iacono, & Remick, 1985) before. However,

this group difference was not significant in the present sample. This wasprobably due to
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the small sample size and the higher degree of variance in the patients than in thecontrol

group.9 However, the present data give evidence of blunted emotional responses in clinical

depression. this is congruent with the data of Fraguas et al. (2007), who showed that

autonomic reactivity, rather than baseline activity of the autonomic nervous system may

be helpful in the prediction of response to antidepressant treatment. These authors found,

that heart rate variability and skin conductance in response to emotional skripts predicted

reduction in BDI-scores after 8 weeks of antidepressant medication intake.

Second, sounds elicited stronger SCRs than pictures. A trend for this effect wasalso

found in the student sample. Sounds may be more arousing because they develop their

meaning over time and therefore attract more attention. Furthermore, the stimulusintensity

of the sounds varies over time. This may have had an alerting effect, which also increased

the arousal. This modality effect was found in both the patients and the controls.

Third, stimuli presented at the beginning of a block elicited stronger SCRs than stimuli

presented at the end of a block. This indicates the habituation to the stimuli whichdid not

differ between groups.

In contrast to the other physiological measures, a significant group effect was found in

heart rate. Patients had higher heart rates than healthy controls. This is a finding, which

was reported in the literature severals times before. Both major depression (e.g. Dawson,

Schell, Braaten, & Catania, 1985) and depressive symptoms (e.g. Kamphuiset al., 2007)

have been found to be associated with increased resting state heart rates. By using several

control measures, Moser et al. (1998) identified the increase of the autonomous heart rate,

and not changes in sympathetic or vagal tone, as the cause of the overallincreased heart

rate in depressed patients. However, the question of whether the elevationof autonomous

heart rate results from a lack of physical exercise or is a primary markerof depression is not

answered by the authors.

In addition, in the present study patients showed smaller decelerations during the stim-

ulation blocks compared to controls. There are two possible explanations for this effect.

First, it may be a consequence of the reduced heart rate variability (Rechlin, Weis, Spitzer,

& Kaschka, 1994). Due to the lack of flexibility, the heart rate returns to thebaseline level

more quickly in depressed than in control participants.Second, patients may have had a

higher level of anxiety, and therefore primarily responded in the flight- orrejection- (in-

crease in sympathetic tone) rather than the sensory intake-mode10. and therefore with an

acceleration of heart rate. The more negative and withdrawal oriented motivational state in

9A stronger scatter in physiologic measures (in this case vagal tone) in the depressed than in the non-
depressed group was also reported by Moser et al. (1998). The onlyinfluential confounding variable of those
which were tested, was duration of the recent depressive episode.

10For a discussion of the Lacey‘s physiological hypothesis see (Green,1980)
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the patient group was also reflected by the valence ratings. Patients rated their state as more

unpleasant than did the control participants. The observed group difference in heart rate

deceleration may be the result of both of these influences.

Finally, only the healthy controls, but not the depressed patients had significantly faster

heart rates during pleasant than during neutral stimulation. Although this maybe evidence

for the positive attenuation hypothesis, this finding is difficult to interpret due to the group

main effect. It is not possible to decide, whether the lack of modulation betweenpleasant

and neutral stimulation in the depressed group derives from a lack of heart rate deceleration

to neutral (and unpleasant) or a lack of heart rate deceleration to pleasant stimulation.

Taken together, the multimethod approach showed evidence for all three hypothesis of

dysregulation of affective reactivity in clinical depression.

4.4 Study Four: BOLD-Responses to affective stimuli in de-

pressed patients and age and gender matched controls:

Effects of valence

4.4.1 Background

Not surprisingly, when bringing to mind the diversity of psychological and physiological

symptoms of major depression, many brain regions show structural and functional abnor-

malities in patients suffering from this disorder.

In an early review on this topic, the key feature of changes in brain activitywas found

to be hypoactivation in various brain sites (Kennedy, Javanmard, & Vaccarino, 1997), of

which the prefrontal cortices and OFC, the cingulate cortex and the amygdala were the most

frequently reported. In a later review, subgenual, pregenual and dorsal anterior cingulate

cortices, dorsomedial/dorso(antero)lateral prefrontal cortices, orbital and anterior insular

cortices, and the amygdalae (Drevets, 2000) were summarized as key structures in major

depression.

The anatomical circuits linking these regions are the limbic-thalamic-cortical (LTC)

and the limbic-cortical-striatal-pallidal-thalamic (LCSPT) circuit (Drevets, 2000, Sheline,

2003). There does not seem to exist a direct equivalence between detriments in these circuits

and depression (Sheline, 2003), but different subtypes of depression may be charaterized by

differently localized disruptions in these circuits (Drevets, 1998).

Although volume reductions have been repeatedly observed, no clear correlations be-

tween volume changes and clinical parameters (Steffens & Krishnan, 1998) were found.
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Therefore, depression cannot be regarded as a purely neurological disease as was suggested

by Kanner (2004). Furthermore, in depression occurring secondary to a neurological disor-

der, the function of the OFC and dorsolateral prefrontal cortex (DLPFC) is normal whereas

it has shown significant changes in primary depression (Drevets, 1998).

Instead of neurological diseases, vascular diseases have shown stronger association with

clinical symptoms. Therefore, Steffens and Krishnan (1998) suggested to classify the cases

of depression occurring together with vascular disease as a distinct depression subtype,

namely vascular depression.

The most consistent finding with regard tochanges in brain activity during resting state

in depressed patients is reduced metabolism in the subgenual ACC (Drevetset al., 1997).

Besides reduced metabolism, a reduction of volume of this regions was also reported, which

may actually be the cause of the reduced activity in this brain area. The subgenual ACC

plays an important role in mediating emotional and autonomic responses and modulating

neurotransmitter systems.

Another region in which differences between patients with MDD and healthy partici-

pants have been reported repeatedly is the amygdala. Blood flow in this region was found

to be positively correlated with negative affect in depression (Abercrombie et al., 1998)

and has been found elevated even during sleep in patients suffering from major depression

(Nofzinger et al., 2005). In depression the mechanism leading to degradation of amygdala

activation after stimulation seems to be disrupted. The neurobiological origin of this dis-

ruption may be localized in the ACC (Anand & Shekhar, 2003). Evidence for a disruption

in the turn-off mechanism of the amygdala was also found by Siegle et al. (2002). While

in the fMRI scanner, subjects had to read and evaluate emotional adjectives. Following the

presentation of the adjectives, the participants had to do a mental arithmetic task. In com-

parison to healthy subjects, the depressed subjects showed sustained amygdala activation

during the non-emotional arithmetic task. In addition, a special link between overactivation

of amygdala and the excessive levels of cortisol often found in depression was hypothesized

(Drevets, 1998).

After this short overview of the studies examining abnormalities of brain activations

during resting state, a summary of studies investigatingbrain activations in responses to

affective stimuli11, which are more central to the aim of the present thesis, will be given.

The earlier studies using neuroimaging methods to investigate affective reactivity in de-

pression only usedunpleasant stimuli. Beauregard et al. (1998) presented film clips with sad

contents in the fMRI environment. Depressed patients showed higher activations compared

to healthy controls in the left medial prefrontal cortex and right cingulate gyrus. In a mood

11see Fitzgerald, Laird, Maller, and Daskalakis (2007) for a meta-analysis on theses studies
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challenge paradigm using autobiographical scripts describing episodesof sadness (Liotti,

Mayberg, McGinnis, Brannan, & Jerabek, 2002), depressed participants showed decreases

in the medial OFC (Brodman area 10/11) compared to healthy controls. Furthermore, in this

study acute depressed patients where compared to a remitted group. In comparison to the

acutely depressed group, the formerly depressed participants exhibited smaller activations

in the pregenual anterior cingulate (Brodman area 24a). Thus, the authors concluded, that

activity in BA24a may be used to predict treatment response.

There are also findings on the brain activations topleasant stimuli(IAPS pictures) in

depressed patients with high levels of anhedonia (Mitterschiffthaler et al., 2003). In the

patient group, decreased activation in medial frontal cortex and increased activations in in-

ferior frontal cortex, anterior cingulate, thalamus, putamen, and insula were found. These

data contain two especially interesting features. First, more regions showedstronger com-

pared to weaker activations in depressed patients compared to controls in the whole brain

analysis. Second, a structure normally found to be activated in reaction to unpleasant stim-

uli (insula) was activated by pleasant pictures in these patients. This is already the second

piece of evidence for a valence inversion in depression following the findings of Allen et al.

(1999).

A series of neuroimaging studies on affective reactivity in depression also used stimuli

of positive and negative valencein the same sample. In these studies different stimulus

modalities were used, for example, Keedwell, Andrew, Williams, Brammer, and Phillips

(2005) used personal memories, Surguladze et al. (2005) and Monk et al. (2007) facial

expressions, Epstein et al. (2006) words, and Lee et al. (2007) pictures. The results of these

studies show some inconsistency, which may be accounted for by the different stimulus

modalities (see chapter 2.3).

Personal memoriespresumably elicit the most intense emotions. Keedwell et al. (2005)

focused on ventromedial prefrontal cortex (VMPFC). In previous studies, this region has

been found to be activated during evaluation of the rewarding potential ofa stimulus .

Healthy controls showed greater activation in this region to sad compared to happy stim-

uli, whereas it was more strongly activated by happy than by sad stimuli in the depressed

group. The authors speculate, that this abnormality may be a compensatory mechanism,

for the ‘burn out’ of the primary reinforcement center, the striatum. Evidence for this

comes from a study using positively (counter-depressive themes) and negatively (depres-

sive themes) valencedwords (Epstein et al., 2006). The strongest activation differences

between the healthy and the depressed group to positive words were the bilaterally smaller

activation in ventral striatum in the depressed group. This activation showed a significant

negative correlation with interest and pleasure. No group differenceswere found in the re-

actions to unpleasant words. In addition, depressed patients showed smaller activation in
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the dorsomedial prefrontal cortex (DMPFC) to positive words than controls. However, no

differences in VMPFC activations are reported in this study. Furthermore, severity of de-

pression was found to be correlated with activations in responses to unpleasantpicturesin

the left amygdala, the OFC and the left insula (Lee et al., 2007). In this study, no relation-

ship was found between depression severity and brain activations in response to pleasant

pictures. Furthermore, positive linear correlations between activations of the fusiform gyri

and the putamen and increasinglyhappy facial expressionswere found in healthy partic-

ipants, whereas depressed participants showed positive linear correlations between brain

activations and increasinglysadfacial expressions (Surguladze et al., 2005). Furthermore,

even the non-depressed off-spring (high risk)of depressed patients showed significant dif-

ferences in the brain activations to emotional stimuli, here facial expressions (Monk et al.,

2007). Compared to the low risk children and adolescents, the high risk sample exhib-

ited greater amygdala and nucleus accumbens activations to facial expression of fear and

smaller nucleus accumbens responses to facial expressions of happiness. The relationship

between amygdala activation and affective evaluation was demonstrated byDannlowski et

al. (2007). Amygdala activation to very shortly presented (33ms) facial expressions cor-

related with judgment biases of neutral faces in an affective priming task. Furthermore,

judgment biases were correlated with severity and duration of illness. In summarizing the

findings from neuroimaging studies using facial expressions to examine disturbances in

emotional information processing in affective disorders, Leppänen (2006) concludes, that

there seems to be both increases of brain activity to sad faces and decreases to happy faces.

Fitzgerald et al. (2007) summarized the results of brain activations studies toemotional

stimuli in depressed patients. There were equal amounts of papers which reported increases

and decreases of brain activations to unpleasant stimuli. However, the majority of papers

including pleasant stimuli, reported decreases of brain activations to the stimuli in the pa-

tients group. Furthermore, the brain regions showing significant differences between groups

varied substantially between the publications. However, some overlap between studies was

also identified. This included the medial, dorsolateral, and inferior prefrontal cortex, STG,

ACC, insula, basal ganglia, and the cerebellum. So far, it is not clear, which methodological

factors have caused the variations between studies.

Besides the observation of activation differences in separate regions,there are ap-

proaches to understand thecoupling and connectivity between different brain regions. An

interesting study investigating the functional connectivity between the ACC and limbic

regions during the perception of negatively and positively valenced stimuliwas conducted

by Anand et al. (2005). They used low frequency blood oxygenation dependent related

fluctuations (LFBF) measured while healthy and depressed participants passively looked at

negative, neutral, and positive IAPS pictures. They replicated the basicfinding of greater
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activations in different brain areas in depressed compared to healthy controls when con-

trasting negative to neutral pictures. The contrast between negative and positive pictures did

not yield any significant group differences. Thus, this study gives evidence for the negative

potentiation hypothesis (see chapter 2.2.1). More interestingly, the functional connectivity

between the ACC and thalamus, and ACC and pallido-striatum was significantly smaller in

depressed patients compared to healthy controls both during rest and stimulation with the

pictures of all three valences. The difference in connectivity between ACC and amygdala

between the groups failed to reach significance. The consequence of the reduction in

functional connectivity between ACC and limbic regions in depressed patients may be a

reduction in regulatory control of the ACC over the limbic regions and thus result in an

impairment of emotion regulation.

Evidence for the decoupling of different brain regions in depression comes from a study

which correlated the activity in the DLPFC, which is supposed to be the regionwhere work-

ing memory is localized, during a digit sorting task with the amygdala activation during an

emotional information processing task (Siegle, Ghinassi, & Thase, 2007).The activation

time series of these regions showed lower correlations in depressed than incontrol par-

ticipants, which is further neurobiological evidence for a deficit in emotion regulation in

depression. Furthermore, Johnstone, Reekum, Urry, Kalin, and Davidson (2007) showed

reversed relationships between prefrontal regions and the amygdala in depressed patients

and controls. They presented pleasant and unpleasant pictures and instructed the subjects to

reappraise the contents in order to decrease or increase the emotional reactions to the stim-

uli. When told to downregulate affective reactions to unpleasant pictures,healthy controls

showed a negative relationship between amygdala activation and left VMPFC activation.

The depressed subjects instead, showed a positive relationship betweenthese two regions.

Thus, they did not effectively downregulate amygdala activation.

Effects of therapeutic treatmentof major depression on brain activation have recently

been investigated as well. The majority of these studies measured changes ofbrain activa-

tion following antidepressant medication, but there is evidence for changes of brain activa-

tion following psychotherapy as well. Antidepressant treatment was foundto be associated

with reduction of amygdala responses to masked emotional faces (Sheline etal., 2001). It

was also found to change the activation in response to negatively valenced pictures in the

insular and the ACC (Davidson, Irwin, Anderle, & Kalin, 2003) and to facial expression in

limbic-cortical and extrastriate cortex (Fu et al., 2004, 2007). In addition,C.-H. Chen et al.

(2007) observed an increase in coupling of amygdala and cingulate, striatum, and thalamus

activation to facial expressions under treatment with fluoxetine. A reduction of responses to

affective stimuli in different brain regions was also observed under antidepressant treatment

(Bupropion) (Robertson et al., 2007).
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The studies on psychotherapeutic effects on brain activation in major depression did

compare resting state metabolism in pre-post-designs and did not use emotional stimula-

tion. Martin, Martin, Rai, Richardson, and Royall (2001) reported increased activation in

right basal ganglia after both antidepressant medication and interpersonal psychotherapy,

but enhanced activation of right posterior temporal cortex only after medication and en-

hanced activation of right posterior cingulate only after interpersonal therapy. Thus, in

these preliminary data, only with psychotherapy, an increased activation of limbic regions

was found. Brody et al. (2001) found decreases in activation of prefrontal cortex and

anterior cingulate and increases in left temporal activations after both antidepressant med-

ication and interpersonal therapy. Looking at brain activation changesafter CBT in major

depression, Goldapple et al. (2004) found increases of activity in hippocampus and dorsal

cingulate cortex and decreases in dorsal, ventral and medial frontal cortex. When compar-

ing CBT and antidepressant medication, Kennedy et al. (2007) found decreases of OFC

and lateral-medial prefrontal cortex (LMPFC) and increases in right occipital-temporal cor-

tex in both treatments. There were also differentiating effects of the two treatments. In

CBT responders, activity in the VMPFC increased and activity in the thalamusdecreased

after treatment. In venlafaxine responders, activity in the posterior subgenual cingulate was

decreased after treatment.

Differences between both treatments were also found. Patients who sucessfully applied

medication showed increased activation of posterior cingulate and decreased activation in

inferior temporal cortex, whereas patients whose symptoms did improve under CBT showed

decreased activation of posterior cingulate and increased activation in inferior temporal cor-

tex. Nonresponders of both treatments were differentiated by their activations in the pos-

terior thalamus and dorsal insula. CBT-nonresponders showed decreases in both of these

regions and medication-nonresponders showed increases in these regions. Although the

brain activation changes vary between studies, probably due to different patient samples, it

is obvious that psychotherapies have measurable effects on brain activation (Kumari, 2006;

Beauregard, 2007). Future research has to test whether brain activations to emotional stimuli

do change with psychotherapy as well, which has already been shown after antidepressant

medication.

Different modelshave been developed to account for the complexity of the data.

Phillips, Drevets, Rauch, and Lane (2003a) proposed that two brain systems are relevant for

successful emotion perception - a dorsal and a ventral system. The ventral system consists

of the amygdala, insula, ventral striatum, and ventral parts of the anterior cingulate gyrus

and the prefrontal cortex. The dorsal system contains the hippocampus, the dorsal parts of

the anterior cingulate gyrus, and the prefrontal cortex. The functions of the ventral system

are the identification of the significance of the stimulus and the production of anaffective
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reaction. The function of the dorsal system is the regulation of the affective state. The

authors hypothesize specific disturbances of these systems in differentpsychopathologies

(Phillips et al., 2003a). In MDD, they assume volume reductions in the components of the

ventral systems. These volume reductions may lead to a narrowed, negatively biased range

of emotions. Additional impairments in the dorsal system lead to the perpetuation of these

negative emotions. A differentiation between dorsal and ventral systems inthe prefrontal

cortex was also proposed by Yamasaki, LaBar, and McCarthy (2002).According to this

view, the dorsal system implements attention and the ventral emotion. Because the ACC

was the only region that was activated equally strong by both the attention andthe emotion

task, he proposed the ACC as the place where the streams of information from both systems

are integrated.

Currently, the most influential model of the neuroanatomical basis of major depression

is the one formulated by Mayberg (1997) and validated in a meta-analysis (Seminowicz

et al., 2004). It may now help to develop a new nosology of major depression subtypes

(Mayberg, 2007). This model is based upon findings of brain activationby induced sadness

in healthy participants and changes in brain activation during depressed and non-depressed

phase in patients. During sadness and acute depression, activation is increased in ventral

(limbic) regions and decreased in dorsal (cortical) regions, whereas during neutral emotional

state and during recovery, activation in dorsal (cortical) regions is increased and activation

in ventral (limbic) regions is decreased (Mayberg, 1997). In addition, rostral cingulate ac-

tivation differentiated treatment responders from non-responders. This qualifies this region

as a predictor for treatment success.

The model also shows how CBT and medication might modulate the interactions be-

tween these regions. CBT is supposed to modulate the connection between thecortical and

the frontal areas, and medication modulates the interaction between the cortical and the lim-

bic structures. This was confirmed by a path modeling approach conductedon regional brain

activations measured in depressed participants who reacted differentiallyto CBT and drug

treatment (Seminowicz et al., 2004). This approach may help to come up with neurobiolog-

ically informed treatment indications (Mayberg, 2007) or even neurobehavioral therapies

(Siegle, Thompson, Carter, Steinhauer, & Thase, 2007).

Theaim of the present studywas to investigate whether the emotion context insensitivity

found in the peripheral psychophysiological measures can be found inthe brain structures,

which are thought regulate these parameters, of this sample as well. It was hypothesized

that in the patient group no significant differences between the activationto unpleasant and

to neutral stimuli will be found in the amygdala and the insula. In an exploratoryapproach,

the superior temporal cortex, the OFC and the ACC were also selected as ROIs.
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4.4.2 Methods

Participants

9 patients (5female, 4male) and 8 age and gender matched healthy controls (5female,

3male) participated in the fMRI part of the study. They all participated in the peripheral

physiology experiment as well. The order of participation in these two session were

counterbalanced in both samples.

Stimulus Materials and Procedure

Only the picture paradigm, as described in chapter 4.1.2, was used.

Apparatus and Data Acquisition

The identical apparatus and data acquisition as described in chapter 4.2.2 was used.

Data Reduction and Analysis

The identical data reduction and analysis as described in chapter 4.2.2 wasused.

4.4.3 Results

The significant activations for the contrasts unpleasant>neutral and pleasant>neutral in the

patient and control group are shown in table 4.19. Whole brain analyses were followed by

ROI analysis.

Whereas in the patient group, in all ROIs some voxels reached significance for both con-

trasts (with the exception of the insula for pleasant>neutral), only voxels in the STS reached

significance in the unpleasant>neutral contrast in the control group. Inaddition, the amyg-

dala was only significant in the patient, but not in the control group for the pleasant>neutral

contrast.
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Table 4.19: T-Contrasts: unpleasant>neutral and pleasant>neutral by group. Whole brain activa-
tions and regions of interest.

Region Side MNI-Coordinates kE T-Score pFDR
x y z

Patients

unpleasant > neutral
Middle occipital gyrus L -39 -75 15 20352 23.29 .000

Amygdala L -21 -6 -12 4.75 ROI .038
R 30 3 -18 3.32 ROI .038

Insula L -24 15 -18 4.80 ROI .023
R 39 9 -15 6.13 ROI .023

OFC L -3 39 -21 7.41 ROI .007
R 24 27 -18 5.12 ROI .010

STS L -51 -57 15 8.99 ROI .005
R 57 -51 9 6.10 ROI .005

pleasant > neutral
Middle temporal gyrus L -48 -63 15 12024 22.32 .000
Superior frontal gyrus L -6 48 -15 2429 10.19 .001
Amygdala L -30 -3 -18 538 8.55 .002

R 27 -3 -12 3.97 ROI .017

ACC R 9 33 3 6.52 ROI .040

OFC L -3 42 -21 8.65 ROI .003
R 3 48 -12 6.77 ROI .003

STS L -51 -60 9 12.23 ROI .000
R 60 -51 9 6.99 ROI .002

Controls

unpleasant > neutral
Middle occipital gyrus R 42 -75 0 5764 14.30 .011
Inferior frontal gyrus, orbital part L -36 24 -15 422 13.78 .011
Superior frontal gyrus L -9 66 15 592 11.96 .011
Inferior frontal gyrus, triangular part R 45 21 24 375 8.02 .011

STS L -54 -57 12 7.86 ROI .008

R 54 -51 12 3.51 ROI .049
pleasant > neutral

Inferior frontal gyrus R 202 45 -75 -9 16.02 .012
Inferior occipital gyrus L 25 -39 -81 -9 12.43 .013
Middle temporal gyrus L 91 -51 -69 6 11.97 .013
Inferior frontal gyrus, orbital part L 27 -33 30 -9 10.35 .016

ACC L -9 30 -6 13.86 ROI .001

OFC L -39 33 -12 7.21 ROI .017
R 3 42 -12 4.83 ROI .034

STS L -57 -60 12 6.55 ROI .030
R 54 -51 9 7.43 ROI .030
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Figure 4.16: Whole brain activations of the contrasts unpleasant>neutral and pleasant>neutral
by group. Mean parameter estimates were derived from the clusters (6mm sphere, 33voxels) of
maximum activation within the two ROIs for the contrast unpleasant>neutral (amygdala: x=-21,
y=-6, z=-12; OFC: x=-3, y=39, z=-21) and the contrast pleasant>neutral (amygdala: x=-30, y=-3,
z=-18; OFC: x=-3, y=42, z=-21).

Figure 4.16 compares the whole brain activations of the contrasts unpleasant>neutral

and pleasant>neutral of the two groups. In addition, beta estimates of the maximally ac-

tivated voxel in the amygdala and the OFC are plotted for both contrasts in bothgroups.

To refer to the findings of the students sample, figure 4.17 illustrates the variation of

response to the content categories in the ACC. Only in the control but not inthe patient

group, the erotic pictures evoked increasing activations in this brain region.
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Figure 4.18 illustrates the valence modulation in the insula. The plotted data is the

mean of the maximally activated insula voxels in both groups. It can be seen, that only in

the patient group a negative potentiation was found in this region. Moreover, it illustrates,

that the signal strength was stronger in the control than in the patient group.
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Figure 4.18: ROI activation in the insular cortex. Mean parameter estimates were derived from the
clusters (6mm sphere, 33voxels) of maximum activation within the insular cortex cortex (left: x=33,
y=-18, z=3; right: x=45, y=3, z=3). Only in the patient group, a potentiation to unpleasant stimuli
is found.
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4.4.4 Discussion

The fMRI data give evidence for both thenegative potentiationand thepositive attenuation

hypothesis. The region with theclearest negative potentiationin thepatient groupbut no

modulation in the control group was theinsular cortex. This region is known to be involved

in the representation of the internal feeling state and was discussed to be especially im-

portant for the processing of disgust. Differences of insular activations between depressed

patients and controls have been found in previous studies as well. Drevetset al. (1992)

reported increased resting state activation in this region in the depressed group, whereas in

their meta-analysis, Fitzgerald et al. (2007) reported studies, which found reduced activa-

tion to unpleasant stimuli in the insular cortices of the patient groups, and studies, which

found a decrease in this region after treatment.

Consistent with the reports of Fitzgerald et al. (2007) is the finding of stronger negative

potentiation in the amygdala in the patient than in the control group. However, itmust be

added, that the pleasant > neutral contrast was also significant in the patient, but not in the

control group. In the view of the amygdala as a thread detector, the stronger impact of

pleasant stimuli on the amygdala of the depressed than of the control participants may be

interpreted as evidence for their defensive state even when they are confronted with pleasant

stimuli. Allen et al. (1999) coined the term ’frustrative non-reward’ for this phenomenon.

A finding of the present study, which was not reported before, is the stronger activation

of the OFC to affective compared to neutral stimuli in the depressed than in thehealthy

subjects. The OFC is supposed to be important in the evaluation of the rewardpotential

of a stimulus. The stronger reactivity in this region in the depressed than in thecontrol

group may be an indicator for the higher disposition for emotional evaluation of an external

stimulus. This may be a vulnerability factor for the development of the disorder, because it

may entail a higher probability of disappointments and a higher claim for emotional load of

a situation.

Further evidence for a dysregulation in the processing of pleasant information is the

blunted response of the ACC to erotic pictures in the patient group. Althoughthe contrast

pleasant>neutral was only significant in the patient (which was due to the smaller responses

to the neutral pictures), but not in the control group, the erotic specificityfound in the

students sample in both the picture and the sound paradigm, was only replicatedin the

control, but not in the patients sample (see figure 4.17). Although very exploratory, this is

further evidence of a blunted reward reactivity in a clinical depression.





Chapter 5

General discussion

In this thesis anexperimental paradigmwas developed, which allows thesimultaneous

testof thethree hypothesis(negative potentiation, positive attenuation and emotion context

insensitivity) about affective reactivity in clinical depression formulatedin the literature.

It includes pleasant, neutral and unpleasantpictures and sounds. The use of stimuli of

two different modalities allows to separate effects due to experimental methodology, notably

stimulus characteristics, from those due to the variable of interest, notably thepsychopatho-

logical condition of the subject.

In contrast to anxiety disorders, in which the early phases of affectiveresponses are

dysregulated, it was hypothesized that in depression, the deviation occurs in later processing

stage. Therefore, ablocked presentationmode was applied. Stimuli of the same valence

were presented consecutively, which resulted in stimulation blocks of about one minute.

Furthermore, the paradigm was designed in a way to capture an other putative cen-

tral feature of dysregulation of emotion regulation in depression, thecontinuationof the

responseafter the offsetof the stimulation.

Another frequently occurring characteristic in clinical depression is withdrawal from

social activities. Thus, it was hypothesized that depressed patients react differently to social

stimuli than do healthy controls. Therefore, the stimuli of the paradigm vary according to

their social content, which means, that they either show people interacting with each other

or not.

This paradigm was run both in a mulitchannel psychophysiological and in a fMRI en-

vironment. With this equipment, self-report ratings, startle responses, SCRs, heart rate,

activity from the corrugator and zygomatic muscles and BOLD responses were collected.
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In a first run, healthy students participated in the experiments to evaluate the paradigm.

Then depressed outpatients were recruited. To adequately compare theirresponses, for each

patient, an age and gender matched control participant was invited to take part in the study.

Until now, 15 patients and healthy controls participated in the paradigm. This gives not

enough power to test effects of depression on all the afore mentioned variables. Therefore,

in this discussion, only the effects of valence in both the patient and the control groups are

considered.

The data of the student sample showed, that the manipulation produced the intended

effects. The measured parameters varied according to thevalenceof the stimuli. The two

stimulus modalitiesinfluenced the responses to the startle probes, the SCRs and the corru-

gator and zygomatic activity. Startle responses during and after picture blocks were stronger

than during and after sound blocks. SCRs during sound blocks tended tobe stronger than

during picture blocks. Corrugator activity was stronger during picture blocks and zygomatic

activity tended to be stronger during sound blocks. The valence modulationwasmaintained

after the offsetof the stimulation in the self-report ratings and the corrugator activity. Fur-

thermore, in all response levels, differences between stimuli with and without social content

were found. In most if the cases, social stimuli had stronger effects on the measured param-

eters than nonsocial stimuli. These results suggest, that the developed paradigm is suited to

detect deficits in affective reactivity in clinical depression. As mentioned before, the present

patient sample was too small to yield reliable results concerning the secondaryhypothesis

concerning social content and sustained affective reactivity. Therefore, only the results con-

cerning the three main hypothesis on valence modulation are discussed in the remaining of

this discussion.

In figure 5.1, the group differences between the patient and the controlgroup in valence

modulation on the different response levels are depicted in an overview. The only measure

without group differences is the corrugator. The other parameters show evidence for both

the negative potentiation hypothesis and the emotion context insensitivity hypothesis, but

no evidence for the positive attenuation hypothesis.

Evidence for theemotion context insensitivity hypothesisis given by the parameters of

the autonomous nervous system, SCRs and heart rate, as well as the startleresponses. In

these three parameters, the control group showed significant variationsin the reactivity to

stimuli of different valences, but the responses of the patient group didnot vary according to

the valence of the stimuli.Startle responsesto unpleasant compared to pleasant and neutral

stimuli were not potentiated in the patient group.SCRsto affective stimuli were not stronger

than to neutral stimuli in the patient group.
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Evidence for thenegative potentiation hypothesisis given by the BOLD-responses and

the self-report ratings. These two response levels may be summarized as indicators of cen-

tral nervous system activity.Amygdala activationwas increased during the presentation of

unpleasant pictures only in the patient group. The same was true for theinsular activation.

The self-report ratings may be subsumed under this hypothesis as well, although they were

not specifically potentiated after unpleasant stimulation, but they were more negative than

those of the healthy control group after all valence conditions.

Evidence for thepositive attenuation hypothesisis given by the heart rate and zygomatic

activity. Only healthy controls but not depressed patients showed significantly higher heart

rate during pleasant than during neutral stimulation. In addition, only healthycontrols but

not depressed patients showed a tendency of stronger zygomatic activityduring pleasant

than during neutral stimulation.

How can these inconsistencies between the response levels be integrated ina consistent

framework? Maybe, James (1884) already had the right intuitiveness withhis quotation

from the depressed woman, cited at the beginning of this thesis:

the faculty of enjoyment and of feeling is wanting - both have become phys-

ical impossibilities. [...] Every function, every action of my life remains, but

deprived of the feeling that belongs to it, of the enjoyment that should follow.

According to this view, the fact, that the body is not able to respond to the varying

hedonic valences of the environment, is experienced in an aversive way. In other words, the

lack of affective reactivity is cognitively appraised as unpleasant. Thedeficit in affective

reactivity may be a maintaining factor of the negative cognitive triad (’The world is bad, I

am worthless, and nothing will ever change it.’) The inability to change in response to the

changes of the world may aggravate the perception that nothing ever can change. Whether

depressed patients do have a deficit in the adequate perception of body reactions, is still

controversially discussed. Dunn, Dalgleish, Ogilvie, and Lawrence (2007) for example

found an inverted u-curve for the relationship between depression intensity and accuracy in

heart beat perception.

These ideas are put together in a schematic model in figure 5.2. The three levels of

affective reactivity measured in the experiments of the present thesis aredepicted by the

circles. The proposed causal relationships between them are symbolizedby arrows. In

addition to the relationship between the blunting of autonomous reactions and thenegative

potentiation observed in the brain activations, the variable of behavior, in the present study

represented by facial reactions is included. It is suggested that the normal facial reactions

measured in the present experiment may be the result of the effort to maintaina normal
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Figure 5.2: Proposed model about the causal associations between the response levels of affective
reactivity.

facade. This facade may not only be confined to the facial expression,but also to other

aspects of every day life. The maintenance of this facade is strenuous and exhausting and

in turn intensifies the blunting of body reactions.

There is also empirical evidence for most of the hypothesized functional relationships

between the components of the model. Apart from the present experiments,reduced re-

sponsiveness to stimuli was found by Bär et al. (2005) and Lautenbacher and Krieg (1994).

They reported higher pain and tolerance threshold to pain stimuli in depressed patients com-

pared to controls. One factor linking negative affect and normal facialexpression may be

perfectionism (Dunkley, Sanislow, Grilo, & McGlashan, 2006). This cognitive feature may

motivate depressed patients to appear unimpaired as long as possible. Evidence for the

postulated increase of stress by inconsistences between feeling and facial expression are is

given by occupational psychology studies. It was shown that "‘service with a smile"’ leads

to emotional exhaustion (Goldberg & Grandey, 2007). A similar mechanism maywork in

the development of depression. In future studies, these hypothesis should be tested with

depressed samples to evaluate the proposed model.

The inability to respond to affective stimuli is contrary to the deficit in emotion regu-

lation of the borderline personality disorder. Those patients suffer fromexcessive affective

reactivity and cannot experience stability. Every change is interpreted as a total loss of

continuity. Their cognitive triad may therefore be: ’The world changes and I am and will

always be a defenseless victim of it’. One of the core elements of the recommended therapy
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(dialectic behavioral therapy) for this disorder at the moment is the training of attentiveness

(e.g., Lynch, Trost, Salsman, & Linehan, 2007). The rational behind thisis, that if the pa-

tient realizes, that there are plenty of shades of world states to which different grades and

kinds of reactions are adequate, then the peaks of affective responding will be reached less

frequently. The patients are therefore encouraged to focus their attention on stimuli of low

intensity in everyday life. This helps to train the senses and not to be absorbed by a single

cue.

A similar strategy may be helpful in the therapy of depression. However, in this disorder,

the therapeutic strategy will go the opposite direction. Because the patients are not able to

feel anything, the therapy has to start with high intensity stimuli. These stimuli have a

higher probability to evoce affective responses. The experience, that they are able to feel

something, may be the first experience of success. Then, increasingly weaker stimuli should

be explored, until a normal level of affective reactivity is established again.

Normally, the present study has severallimitations. First, thesample sizeis quite small.

The power was only big enough to detect valence effect when applying simple contrasts.

The original aim, however, was a more fine grained analysis of the influence of additional in-

dependent variables, like modality, social content, and time. Especially the findings for the

responding to social stimuli in comparison to nonsocial stimuli and the change of affective

reactivity with time would be useful elements in the search for the maintaining mechanism

of depressive disorders.Second, the study only includedmildly depressed outpatients. The

inclusion of an inpatient sample would probably have resulted in more clear-cut group dif-

ferences. The comparison of the deficits in affective reactivity betweenout- and inpatients

would also be helpful to identify the main sources of psychological strain.

Third, almost all the patients were takingantidepressant medication. However, they

were still depressed in a clinically meaningful severity and thus the medication did ob-

viously not have a strong antidepressant effect. Nevertheless, it may have influenced the

physiological reactions. However, besides the higher heart rate in the patient compared to

the control group, there were no significant group differences in baseline measures. There

are reports of changes in heart rate by the SSRIs citalopram (Nemeroff, 2003) and sertra-

line (Siepmann, Grossmann, Mück-Weymann, & Kirch, 2003). Surprisingly, these authors

report reductions, but not increases, of heart rate following these medications. In a pre-post-

design, Bär et al. (2004) found normal heart rates in depressed patients prior to medication,

but group differences between patients and controls after two days of treatment (SSRI and

NaSSRI). Heart rate increased with the intake of medication. Even during recovery, it was

still elevated in the patient compared to the control group. Thus, in this study,pharmaco-

logical treatment had a stronger effect on autonomic function than the disorder. Therefore,

it cannot be ruled out, that the group differences in heart rate observed in the present study
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were caused by the medications and not by the disorder and must therefore be interpreted

cautiously with respect to their role in the depressive pathology.

Fourth, the peripheral psychology and the BOLD-signal were measured in different ses-

sions. On the one hand, this had the advantage, that the paradigms could beadjusted to an

optimum for both methods. If the peripheral physiological parameters wereacquired in the

scanner environment, different timing, as well as acquisition and recording equipment (e.g.,

Anders et al., 2004) would have been required. Especially the fMRI compatible recording

equipment available at the moment, is not as sophisticated as the recording equipment out-

side the scanner. On the other hand, the simultaneous recording of all parameters would

have enabled analyses of higher complexity including interactions between BOLD-signal

and body reactions in time. Furthermore, the risk of habituation to the stimuli due tore-

peated presentation would have been avoided.

Besides the limitations of the present study, it has also a number ofstrengthscompared

to the published studies so far.First, as far as I know, it did record a greater variety of

response levels than any of the studies investigating affective reactivity indepressed patients

so far. Second, the use of two different stimulus modalities in the same sample is new as

well. To the best of my knowledge, Sounds have never been used with a sample of depressed

patients before. The reactions to the sounds therefore are an important enlargement of the

empirical data on the deficits of affective responding in depression.

Further researchshould investigate the change of affective reactivity by psychological

treatment in apre-post-design. Using a self-report approach to assess changes induced by

cognitive-behavioral treatment, Kring, Persons, and Thomas (2007) showed that whereas

negative affect decreased in all patients, positive affect increasedonly in patients whose de-

pression scores decreased. It would be interesting to know, if this is precipitated in the psy-

chophysiological parameters as well. Alongitudinal-prospective design, including healthy

participants who later become depressed, would also be valuable to identify vulnerabil-

ity markers. A comparison betweennever-depressed and recovered patientscould help

to identify starting points for relapse prevention. Furthermore, researchon thepredictive

valueof deficits in affective reactivityfor treatment successwould also be of high inter-

est. There is already empirical evidence for the usefulness of such a strategy. Fraguas et

al. (2007) showed, that heart rate responses to happy and neutral scripts and SCRs during

neutral conditions predicted the reduction in BDI scores after eight weeks of antidepressant

medication. This approach should be extended to psychological therapies. Skin conduc-

tance reactivity to emotional stimuli can also predict real life stress reactivity. Najström

and Jansson (2007) found that the SCRs of police recruits to shortly presented pictures of

threatening scenes predicted their scores on the impact of stressful life events 24 months
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later. Unfortunately, so far to the best of my knowledge, no more studies onthe predictive

potential of psychophysiological responses in depressed patients exist.

The research approach of the present thesis may also help to develop anon-subjective

diagnostic toolto quantify the severity of the depression. So far, only self-report measures

(e.g. BDI) or clinician ratings (e.g. HAMD) exist. Unfortunately, self report measures

are susceptible to unidentifiable manipulation (e.g. if the patient has the motivation, due

to the wish of retirement, to appear more depressed than is actually the case) and clinical

ratings need profound experience. Preliminary findings for the usefulness of a multimethod

approach, including psychophysiological measures, to identify the severity of depression

were published by Kemp et al. (2006). They argue for the inclusion of different meth-

ods (questionnaires as well as neuropsychological and psychophysiological testing) to ad-

equately assess the different components of the depressive syndrome. The usefulness of

psychophysiological measures for the diagnostic classification of patientswith psycholog-

ical disorders was also supported by Blechert, Michael, Grossman, Lajtman, and Wilhelm

(2007). They used respiratory measures to discriminate panic disorder and posttraumatic

stress disorder. Their group-comparisons yielded effect sizes around 1.0. Thieme et al.

(2006) found a discriminating psychophysiological profile for patients withfibromyalgia

syndrome. They report, that only the fibromyalgia patients, but not other pain patients,

were characterized by low baseline muscle tension and high baseline heartrate, but had low

heart rates and high skin conductance levels in reaction to stress. Unfortunately, the effect

sizes of the present data are so far not big enough to justify similar conclusions, but with

an increase of the sample size it may be possible to increase the differential potential of the

present experimental approach with respect to depression severity groups.

To summarize, the present data suggest specific deficits on different response levels in

affective reactivity in clinically depressed patients. Further research should develop diag-

nostic tools to assess the amount of blunting of affective reactivity in a given patient. Ther-

apeutic procedures should include exercises to establish adequate and functional affective

reactivity again, like the inverse training of attentiveness.
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List of abbreviations

ACC Anterior Cingulate Cortex

BDI Beck Depression Inventory

BOLD Blood Oxygenation Level Dependent Signal

CBT Cognitive Behavior Therapy

DLPFC dorsolateral prefrontal cortex

DSM-IV Diagnostic and statistical manual of mental disorders, 4th edition

ECA Epidemiological Catchment Area

EMG Electromyogram

ERP Event-Related Potentials

fMRI functional Magnet-Resonance-Tomography

IADS International Affective Digitized Sounds

IAPS International Affective Pictures System

ICD-10 International classification of disease, 10th edition

ITI Inter-Trial-Interval

LTC Limbic-Thalamic-Cortical

MDD Major Depressive Disorder

OFC orbito frontal cortex

PPI Prepulse Inhibition

ROI Region of Interest

SAM Self-Assessment Manikin

SCR Skin Conductance Response

SSD Subsyndromal symptomatic depression

STAI Spielberger Trait State Anxiety Inventory

STG Superior Temporal Gyrus

STS Superior Temporal Sulcus

SW Slow Wave

VAS Visual Analogue Scale

VMPFC Ventral-Medial Prefrontal Cortex
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