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Objective: In a previous study, the au-
thors reported that patients with schizo-
phrenia show subcortical-limbic hypo-
activity during sadness. In this study, they
capitalized on those findings in order to as-
sess the genetic influence of negative
mood experience in schizophrenia pa-
tients. Brain activity was measured during
mood induction in patients with schizo-
phrenia and their first-degree nonaffected
relatives.

Method: Functional magnetic resonance
imaging was used to investigate 13 male
patients with schizophrenia, their nonaf-
fected brothers (N=13), and a group of 26
individually matched healthy subjects un-
related to the siblings during induction of
sad and happy moods as well as during a
cognitive control task. A regional analysis
was applied to investigate a possible sub-
cortical-limbic dysfunction in relatives.

Results: Mood induction was successful in
all groups according to subjective ratings.
During sadness induction, the patients and
their nonaffected siblings demonstrated
less activity in the amygdala compared
with the healthy group of nonrelatives.
Other regions of interest, such as the left
orbitofrontal cortex, the left superior tem-
poral cortex, and the left precuneus/poste-
rior cingulate revealed significant group
differences only between patients and
nonrelated healthy subjects. During posi-
tive mood induction, no group differences
could be found in the amygdala.

Conclusions: Following induction of sad
mood, both patients with schizophrenia
and their nonaffected brothers displayed
reduced brain activity in the amygdala.
Such hypoactivity is likely to represent a
genetic influence and indicates that effi-
cient compensatory mechanisms capable
of preventing the onset of the iliness must
exist in nonaffected relatives.

(Am J Psychiatry 2004; 161:1806-1813)

Erst-degree relatives of patients with schizophrenia
have an increased risk of developing schizophrenia and
display psychopathological, behavioral, and neurobiolog-
ical characteristics that are attenuated versions of those
seen in patients. Accordingly, this special group of subjects
can provide unique insights on the genetic influences im-
pinging over neurobehavioral features of schizophrenia
and thus contribute to differentiating between trait and
state characteristics.

Affective dysfunctions can be observed frequently in
first-degree relatives of patients with schizophrenia, al-
though often to a lesser extent. For instance, first-degree
relatives of patients with schizophrenia present a higher
prevalence of schizotypal personality traits than matched
comparison subjects (1). Such traits can be found together
with social isolation (2) and negative symptoms such as
inadequate affect, social withdrawal, and curiosities in be-
havior and language (1, 3). The similarity of affective dis-
turbances in patients with schizophrenia and their first-
degree relatives suggests a common neural source behind
such altered emotional processing, possibly in subcorti-
cal-limbic areas. This issue can be addressed by exploring
whether first-degree relatives of patients with schizophre-
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nia display altered brain anatomy or dysfunctional neural
responses.

Altered brain anatomy in first-degree relatives of schizo-
phrenia patients has been revealed by structural neuro-
imaging studies. Several subcortical structures (hippo-
campus, amygdala, thalamus) have shown comparable
volume reductions in patients with schizophrenia and
first-degree relatives (4-8). Hence, the affected regions
comprise the brain network known to be implicated dur-
ing emotional processing.

Neurobiological function in first-degree relatives of pa-
tients with schizophrenia is also affected. For instance,
cognitive tasks evoke reduced regional cerebral blood flow
in prefrontal and anterior cingulate regions in relatives of
patients with schizophrenia compared with healthy sub-
jects (9). O’'Driscoll et al. (5) suggested that subtle frontal
dysfunctions during eye tracking could represent a trait
marker in relatives. However, another study found no evi-
dence for neural trait markers in members of multiply
affected families during verbal fluency tasks (10), despite
reports showing several cognitive impairments in nonaf-
fected relatives (11-13). The inconsistency of these results
might depend on contingent factors like the cognitive task
at hand, the neuroimaging method, or the size of the rela-
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tives’ cohort. Alternatively, it might be argued that in the
context of schizophrenia, emotional rather than cognitive
markers might prove more robust for characterizing ge-
netic influences of brain (dys)function.

Here, we explored whether the behavioral disturbances
observed, to different degrees, in patients with schizo-
phrenia and their first-degree relatives can be traced back
to their neural substrates. In light of the specific dysfunc-
tions evoked by emotional processing in both groups, we
used functional magnetic resonance imaging (fMRI) dur-
ing manipulation of affective states and cognitive process-
ing in matched groups of male patients with schizophre-
nia, their nonaffected brothers, and healthy volunteers
unrelated to the siblings. This approach allowed us to dis-
sociate cerebral dysfunction related to emotional process-
ing from more general cognitive abnormalities. Given the
wealth of work pointing to structural and functional alter-
ations of the amygdaloid complex in patients with schizo-
phrenia (14-16), we have focused our analysis on this cru-
cial node of the cerebral network involved in emotional
processing, testing the hypothesis that nonaffected rela-
tives reveal amygdala dysfunctions similar to those previ-
ously found in patients with schizophrenia (14).

Method

Subjects

Participants were between 18 and 45 years of age and com-
prised three groups: male patients with schizophrenia (N=13),
their nonaffected brothers (N=13), and healthy volunteers unre-
lated to the siblings (N=26). Patients were recruited at the Depart-
ments of Psychiatry of the Universities of Bonn and Diisseldorf
and were either inpatients or outpatients. The nonaffected broth-
ers had never received any psychiatric diagnosis or undergone
any psychological or psychiatric treatment (i.e., psychotropic
medication) in their lifetime. The fMRI measurements took place
at the Research Center Jiilich. Patients were included in the study
if they had a healthy unaffected male sibling who was willing to
participate in the study. If there was more than one unaffected
brother, only one sibling was included (depending on consent to
participate). Patients met DSM-IV criteria for schizophrenia as
determined with the Structured Clinical Interview for DSM-IV
(17), which was performed by an experienced psychiatrist and
psychologist. Patients with lifetime psychiatric comorbidity per
DSM-1V (with the exception of substance abuse) were excluded.
For all subjects, the usual exclusion criteria for MRI were applied
(neurological disease, disorders that affect cerebral metabolism,
age under 18 and over 46, Mini-Mental State Examination score
<20). After complete description of the study, written informed
consent was obtained. The local institutional review board ap-
proved the protocol.

The mean age of the patients was 32.8 years (SD=8.5, range=
21-44). Mean duration of illness was 11.5 years (SD=8.0, range=2—
26), with a mean of 5.3 previous hospitalizations (SD=5.8, range=
1-19). The nonaffected brothers were a mean age of 33.8 years
(SD=8.7, range=20-46). The mean parental education was 10.8
years (SD=2.4, range=9-15.5).

Psychopathological status was assessed with the Positive and
Negative Syndrome Scale for schizophrenia (18). Significant dif-
ferences were found between patients and their brothers on all
scales (positive symptoms: mean=11.7 [SD=4.3] versus 7.8 [SD=
1.4], respectively [t=3.2, df=14.4, p=0.01]; negative symptoms:
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mean=18.3 [SD=7.9] versus 9.2 [SD=5.4] [t=3.4, df=24, p=0.002];
general psychopathology: mean=31.4 [SD=12.5] versus 18.2 [SD=
5.2] [t=3.5, df=16.1, p=0.003]; total: mean=61.5 [SD=23.2] versus
35.2 [SD=11.4] [t=3.7, df=17.5, p=0.002]. All patients but one were
receiving neuroleptics (mean=331.9 mg/day in chlorpromazine
equivalents, SD=267.0, range=0-816.7); eight were taking typical
neuroleptics, and four were taking atypical neuroleptics. Intelli-
gence was estimated with the German MWT-B (multiple-choice
test of verbal crystallized premorbid intelligence). There was no
difference in score between the patients (mean=28.9, SD=4.6) and
their brothers (mean=31.3, SD=4.0) (t=-1.3, df=22, p=0.20).

Volunteer subjects (N=26) were screened by comprehensive as-
sessment procedures. These subjects were healthy (no lifetime
DSM-1V diagnosis, no first-degree relatives with psychiatric dis-
eases) and chosen as matched pairs to both sibling groups corre-
sponding to age (plus or minus 1 year), gender, and parental edu-
cation (plus or minus 1 year). Mean age was 33.4 years (SD=8.1,
range=21-46), and mean parental education was 12.1 years (SD=
3.8, range=9-18). One-way analyses of variance (ANOVAs) for age
and parental education with group as between-subject factor re-
vealed no significant group differences in age (F=0.04, df=2, 49, p=
0.96) or parental education (F=1.04, df=2, 49, p=0.36).

Procedure

Subjects participated in a standardized mood induction proce-
dure, described previously (19). Stimuli consisted of happy and
sad facial expressions. The instructions were as follows: “During
this task, I would like you to try to become happy [sad]. To help
you do that, I will be showing you slides with faces expressing
happiness [sadness]. Look at each face and use it to help you to
feel happy [sad].”

Subjects moved on to the next face in a self-paced manner by
pressing response buttons. The cognitive control condition con-
sisted of a gender differentiation task requiring subjects to deter-
mine the gender of the character portrayed on each slide. As in
the other conditions, subjects responded by pressing one of two
response buttons in a self-paced manner. Progression rates (i.e.,
number of stimuli seen by the subjects in the different condi-
tions) were not significantly different in the three groups (two-
way ANOVA with group as a between-subject factor and emotion
category as a within-subject factor). Only the expected main ef-
fect for emotion category appeared: more faces were processed
during the cognitive control condition (mean=99.8, SD=33.3) than
during induction of happiness (mean=22.3, SD=19.7) or sadness
(mean=22.6, SD=20.2) (F=172.61, df=2, 92, p=0.0001).

The dependent measure for quantifying the mood induction
effect was the Positive and Negative Affect Schedule (20), a 5-
point unipolar intensity scale that includes 20 items for factor-
referenced emotional descriptors for orthogonal positive and
negative dimensions.

Subjects participated in three conditions (happiness induc-
tion, sadness induction, gender differentiation) while fMRI data
were acquired (Figure 1). Three additional fMRI tasks were also
performed afterward by the subjects, reported elsewhere (21).
The three conditions were administered in counterbalanced or-
der (Latin square design) with the cognitive control condition
amid the two emotion induction conditions to minimize carry-
over effects. Total scanning time was about 1 hour including the
three-dimensional data set.

Cerebral activation was measured with fMRI, based on echo
planar imaging using blood-oxygen-level-dependent (BOLD) con-
trast. The fMRI brain images were acquired using a 1.5-T Scanner
(Siemens). The acquisition of a three-dimensional data set
(256x256x128 sagittal, field of view=230 mm, TE=4.4 msec, TR=
11.4 msec, 0=15°) was followed by transaxial functional images
(echo planar imaging, 64x64, 30 slices, voxel size: 3x3x4 mm3, TE=
66 msec, TR=4 seconds, 0=90°) covering the whole brain and po-
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FIGURE 1. Experimental Design of 108 fMRI Measurements Obtained From Schizophrenia Patients (N=13), Their Non-
affected Brothers (N=13), and Matched Healthy Subjects Unrelated to the Siblings (N=26) During Induction of Sadness and

Happiness and a Cognitive Control Task®

Induction of Sad Mood

Activation
(15 acquisitions)

Cognitive Control Condition

Activation
(15 acquisitions)

Induction of Happy Mood

Activation
(15 acquisitions)

Baseline
(15 acquisitions)

Baseline
(18 acquisitions)

Baseline
(15 acquisitions)

Baseline
(15 acquisitions)

2 Each condition was applied as a blocked design with three activation phases separated by resting baselines. The cognitive control condition

was a gender differentiation task.

sitioned parallel to the intercommissural line (anterior commis-
sure-posterior commissure).

Each mood induction condition included alternating baseline
(N=4) and activation phases (N=3), each comprising 15 whole
brain acquisitions. The first baseline included three additional
scans (prescan period), hence each condition included 108 mea-
surements with a duration of 7 minutes 12 seconds. Baseline
phases were resting baselines. Subjects had to remain calm with
eyes open. The three conditions were separated by 3-minute
breaks. After each of these conditions, subjective ratings were as-
sessed with the Positive and Negative Affect Schedule during
breaks.

Data Analysis

Subjective ratings. The dependent measure for quantifying the
mood induction effect was derived from the positive and negative
scores of the Positive and Negative Affect Schedule. A repeated-
measures ANOVA with three factors, mood induction (happy,
sad), Positive and Negative Affect Schedule score (positive, nega-
tive) and group (patients, nonaffected brothers, and nonrelated
healthy subjects) as between-subject variables was performed to
check the mood induction effect. The scale-by-mood induction
interaction served as a test for the hypothesis.

fMRI. The fMRI data analysis was performed using SPM 99 (http:
/ Iwww.fil.ion.ucl.ac.uk/spm). For preprocessing, functional data
were realigned to the 10th image. Inspection of the brain volumes
yielded no spatial offset of more than one voxel in any of the sub-
jects. The first three images were discarded. Data analysis was
performed for blocks of activation related to baseline phases.
Hence, after coregistration, stereotaxic normalization, and
smoothing (10-mm isotropic Gaussian filter), statistical paramet-
ric maps were calculated by using the stimulation time courses
(baseline versus activation as a delayed boxcar convolved with a
hemodynamic response function) as regressors, independently
for each subject. Contrast images for each emotional condition
and each subject were created contrasting the emotional (sad-
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ness, happiness) and the cognitive control condition. The group
analysis was performed according to a random effect model, ap-
plying one-sample t tests per group per contrast. Between-group
comparisons were performed on these contrast images with a
one-way ANOVA.

Capitalizing on our previous work (14, 22) and on the basis of
the conceptual arguments delineated in the introduction, we
tested our hypothesis of hypoactivity in the amygdala of first-de-
gree relatives of patients with schizophrenia on the basis of a de-
fined volume of interest around this region. This procedure en-
sures an enhanced sensitivity (reduced type II errors) without
affecting the specificity of the results. We further verified group
differences with a second-order analysis on the relative signal
change in each volume of interest (left and right amygdala). For
this, signal time courses were extracted at the regional maxima of
activation in the contrast images for sadness induction versus
cognitive control task and happiness induction versus cognitive
control task in each group at a threshold of p=0.05 (based on the
one-sample t test). The relative signal change (SC) during induc-
tion of sadness and happiness was calculated as SCacT-SCpL,
where SCact and SCp, refer to the mean signal change during ac-
tivation and baseline, respectively. These relative signal changes
served as dependent measures in a repeated measures ANOVA
(SAS) with group (patients, nonaffected brothers, nonrelated
healthy subjects) as a between-subject factor and laterality (left,
right) as a repeated measurements factor. Our crucial concern
here was being able to measure BOLD signal from the amygdala
(i.e., a concern related to image quality) rather than being able to
measure a difference in BOLD signal between conditions (i.e., a
concern related to functional responses). In this context, the issue
of within-group differences in amygdala activation becomes an
issue of intersubject variability in structural anatomy and mag-
netic resonance susceptibility rather than functional variability.

We also assessed group differences in neural activity across six
volumes of interest (spheres of 16-mm radius, centered on the thal-
amus, precuneus, anterior cingulate, and orbitofrontal, superior
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FIGURE 2. Subcortical Brain Activation During Induction of Sadness in Schizophrenia Patients (N=13), Their Nonaffected
Brothers (N=13), and Matched Healthy Subjects Unrelated to the Siblings (N=26)2

Schizophrenia patients
(N=13)

Nonaffected brothers of
schizophrenia patients (N=13)

Comparison subjects
(N=26)

2 Group activations (one-sample t test) depict the contrast between sadness induction and the cognitive control task for all groups. Data is pre-
sented in neurological convention (right is right). Stronger amygdala-hippocampal activation (extending to the parahippocampal gyrus) could
be observed in comparison subjects relative to schizophrenia patients and their nonaffected brothers. Further clusters of activation can be
seen in the inferior frontal gyrus of patients and comparison subjects as well as in the medial temporal gyrus of relatives and comparison
subjects. These are regions of importance during mood experiences. However, with the focus of this study being on between-group compar-

isons, group differences in these regions were not significant.

temporal, dorsolateral prefrontal cortices) in light of their expected
involvement in emotional processing. The statistical threshold
used in these anatomically constrained analyses was p<0.05 cor-
rected for the search volume over each volume of interest.

Covariation of BOLD effect with emotion measures, psycho-
pathology, and medication. Pearson correlations were calcu-
lated between psychopathological assessments, BOLD effect, and
subjective ratings. Relative signal change was correlated with mean
subjective effect for sadness after we controlled for the baseline
Positive and Negative Affect Schedule score before mood induc-
tion. Additionally, the effect of neuroleptic dose (in chlorproma-
zine equivalents) on signal intensity changes was examined.

Results

Subjective Ratings

ANOVA of the Positive and Negative Affect Schedule
data yielded a scale-by-mood induction interaction (F=
41.4, df=1, 49, p<0.0001), with no between-group effects
and a main effect for emotion (F=124.1, df=1, 49,
p<0.0001). During induction of happy mood there was
more positive affect (relatives: mean=31.4 [SD=8.8]; pa-
tients: mean=28.0 [SD=8.4]; comparison subjects: mean=
28.3 [SD=6.9]) than negative affect (relatives: mean=11.2
[SD=1.7]; patients: mean=13.9 [SD=3.8]; comparison sub-
jects: mean=12.0 [SD=3.6]). For sad mood the reverse was
observed: more negative affect (relatives: mean=15.5 [SD=
5.8]; patients: mean=17.5 [SD=6.7]; comparison subjects:
mean=16.2 [SD=5.2]) and less positive affect (relatives:
mean=24.3 [SD=8.8]; patients: mean=24.5 [SD=7.5]; com-
parison subjects: mean=22.9 [SD=7.4]). The cognitive con-
trol condition revealed more positive affect (mean=29.9,
SD=7.7) than negative affect (mean=12.3, SD=4.4) in rela-
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tives. The same applied for patients (mean=26.4 [SD=7.8]
versus 16.4 [SD=6.6], respectively) and comparison sub-
jects (mean=27.5 [SD=7.0], versus mean=12.8 [SD=3.9]).

Activation Differences During Sadness Induction

We assessed amygdala activation in a subset of subjects
with reliable BOLD signal in this region (nine of 13 schizo-
phrenia patients, 10 of 13 nonaffected brothers, and 19 of 26
healthy subjects unrelated to the siblings). The ANOVA
(based on all subjects, however those with lacking data are
disregarded during the calculation) was performed on the
volume of interest index and revealed a significant main ef-
fect for group (F=3.44, df=2, 29, p<0.046), without signifi-
cant interactions. Post hoc t tests were used for the mean
relative volume of interest irrespective of laterality to de-
compose the group effect. Nonaffected relatives and pa-
tients with schizophrenia demonstrated no significant dif-
ferences and hence the two groups were combined for
further analysis. Healthy comparison subjects showed sig-
nificantly more amygdala activation than patients and their
brothers (t=3.0, df=36, p=0.004) (Figure 2 and Figure 3).

Regional group differences for the SPM ANOVA were
only significant when contrasting patients and nonrelated
healthy subjects (Table 1). Significantly higher brain acti-
vation in healthy subjects than in the schizophrenia pa-
tients was found in the left orbitofrontal area, the left su-
perior temporal cortex, and the left precuneus extending
into the posterior cingulate with a similar tendency in the
right precuneus/posterior cingulate. A tendency was also
observed for higher brain activity in the left precuneus/
posterior cingulate in healthy subjects unrelated to the
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FIGURE 3. Mean Signal Time Courses of Amygdala Activa-
tion During Induction of Sadness in Schizophrenia Patients,
Their Nonaffected Brothers, and Matched Healthy Subjects
Unrelated to the Siblings?

Healthy comparison subjects (N=19)
1.0

Signal Baseline-activation cycle

-1.0
Schizophrenia patients (N=9)

-
<)

o
0

fMRI Signal (signal intensity)
[=]
(=]

-1.0
Nonaffected brothers of schizophrenia patients (N=10)
1.0

0.5

0.0

20 40 60 80 100
Time (whole brain acquisitions)

2 Mean signal time course in the amygdala during sad mood induc-

tion in the three groups.

sibling groups compared with the nonaffected brothers of
the schizophrenia patients.

Activation Differences
During Happiness Induction

A volume of interest analysis was also performed follow-
ing induction of happy mood. Five patients, 11 nonaf-
fected brothers, and 20 healthy subjects unrelated to the
siblings showed activation in the amygdala. The ANOVA
revealed no significant main effect for the group nor any
significant interaction.

Similar to the induction of sad mood, a significantly
higher activation in the healthy subjects unrelated to the
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siblings compared with the patients was observed in the
left thalamus only following the SPM ANOVA (SPM(T)=
3.63, p<0.04). Furthermore, the nonaffected brothers re-
vealed significantly more activation than patients in the
right precuneus/posterior cingulate.

Covariation of BOLD Effect With Emotion
Measures, Psychopathology, and Medication

In comparison subjects, signal intensities in the amyg-
dala increased with intensified subjective experience of
sadness (r=—0.46, df=24, p=0.04). In nonaffected relatives
and patients with schizophrenia this correlation failed to
reach significance (r=-0.15). Significant correlations be-
tween amygdala activation during sad mood and psycho-
pathological data could not be found. Furthermore, the
correlation between chlorpromazine equivalents and vol-
ume of interest was not significant in patients (r=0.42, df=
11, p=0.27).

Discussion

In the present study, we assessed possible effects of
genetic load on regional cerebral dysfunction. Both pa-
tients with schizophrenia and their nonaffected brothers
showed a specific reduction in amygdala activity during
negative mood induction compared with healthy subjects
unrelated to the siblings, despite matched subjective ex-
perience of negative mood state.

Dysfunctional Activation Patterns
of Schizophrenia Patients
and Their Nonaffected Brothers

Amygdala. Both patients with schizophrenia and their
nonaffected brothers failed to show amygdala activation
comparable to unrelated healthy subjects during sad
mood induction, as suggested by the group differences in
our second-order analysis. Moreover, a lack of significant
correlation between subjective ratings and signal change
in the amygdala accompanied this result. In contrast,
healthy male subjects demonstrated amygdala activation
as a correlate of sad mood (Figure 3), which confirmed
previous results (22, 24, 25). Furthermore, these results
also corroborate and enhance the earlier finding of a lack
of amygdala activation in another sample of patients with
schizophrenia during negative mood (14) as well as a lack
of correlation with subjective ratings. A similar amygdala
dysfunction has been found by others during emotional
tasks (15, 26). Since the patient group of the present study
had a more stable and remitted psychopathological status
(GAS score: mean=64.1 [SD=18.1]; illness duration: mean=
11.5 years [SD=8.0]; treatment dose: mean=331.9 mg/day
in chlorpromazine equivalents [SD=267.0]) than the group
investigated by Schneider et al. (GAS score: mean=53.0
[SD=12.6]; illness duration: mean=8.5 years [SD=7.4];
treatment dose: mean=504.1 mg [SD=341.7]), this points
to stable dysfunctions. Moreover, nonaffected siblings
were not medicated but displayed comparable amygdala
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TABLE 1. Regions of Differential Activation During Induction of Sadness in Schizophrenia Patients (N=13), Their Non-
affected Brothers (N=13), and Matched Healthy Subjects Unrelated to the Siblings (N=26)2

Comparison Subjects — Patients

Comparison Subjects — Relatives

Talairach Coordinates

Talairach Coordinates

Max. Max.
Region and Side X y z N SPM{T} p X y z N SPM{T} p
Thalamus
Left 12 -26 14 129 2.57 0.29
Right 10 0 8 19 2.09 0.50 8 -24 6 103 2.61 0.27
Anterior cingulate cortex
Left -24 40 16 1 1.70 0.65
Right 24 38 14 5 1.89 0.59
Orbitofrontal cortex
Left -30 48 -10 8 3.60 0.04 -32 44 8 2 1.85 0.60
Right 10 48 -12 9 2.08 0.51
Dorsolateral prefrontal cortex
Left -32 42 12 17 1.74 0.64 -20 36 32 42 2.10 0.50
Right 28 38 14 36 2.15 0.48
Superior temporal cortex
Left —46 -58 18 402 4.08 0.01 =50 38 6 5 2.01 0.53
Right
Precuneus/posterior cingulate
Left -8 -60 54 894 3.56 0.04 -12 -54 54 283 3.39 0.07
Right 2 —48 40 748 341 0.06 16 -60 54 72 2.69 0.24

a Activation relative to that occurring during a cognitive control task. Significance threshold was p=0.05 corrected over the search volume for
each region. x, y and z are Talairach coordinates (23) and refer to the center of gravity of the cluster.

dysfunction to the medicated patients. Accordingly, medi-
cation could not fully account for these effects. Since this
subcortical limbic dysfunction during negative affect is al-
ready present in nonaffected relatives, this implies that
these functional deficits are genetically modulated and
that the impairments can be identified before the onset of
the disease in high-risk groups. Our findings also suggest
that, given the crucial role played by the amygdala during
processing and experience of emotions (14, 22, 24-28), it is
conceivable that dysfunction in this area may be causal for
the emotional impairments and affective symptoms
found in nonaffected relatives and in patients.

Furthermore, the subclinical degree of psychopathology
displayed by our first-degree relatives of patients with
schizophrenia, together with the absence of any treat-
ment, indicates that nonaffected relatives possess com-
pensatory behavioral strategies and brain mechanisms
against the observed amygdala hypofunction. We suggest
that these mechanisms are represented by frontal, tempo-
ral, and parietal cortical areas. The differences between
schizophrenia patients and their nonaffected brothers
found in these regions can account for symptomatic dif-
ferences between the two groups and may be the conse-
quence of environmental effects. In first-degree relatives
of patients with schizophrenia, amygdala dysfunction
during mood induction might be rebalanced by an other-
wise intact cerebral network, found in unaffected orbito-
frontal, temporal, and precuneus/posterior cingulate
functions. Accordingly, this cortical network might still be
able to regulate emotional experience despite amygdala
dysfunction.

Other brain regions. We found significant differences
during induction of sad mood only between schizophre-
nia patients and the nonrelated healthy subjects. They
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were restricted to the left hemisphere and were found in
the orbitofrontal region, the superior temporal cortex, and
the precuneus/posterior cingulate. Here, patients showed
regional hypoactivation relative to comparison subjects.
One exception was observed for the left precuneus/poste-
rior cingulate, in which a tendency for similar hypofunc-
tion was observed in the first-degree relatives. During in-
duction of happy mood, patients showed a significantly
smaller activation than comparison subjects only in the
left thalamus. Since the other group contrasts remained
nonsignificant for both mood states, a final conclusion
with respect to trait or state characteristics of these dys-
functions cannot be drawn.

Nevertheless, it is conceivable that hypoactivation in the
prefrontal and temporal cortices of patients may be a con-
sequence of amygdala dysfunction, since these regions are
highly interconnected with the amygdala and seem to con-
stitute the cerebral network implicated in the experience of
emotion (29). The involvement of the orbitofrontal cortex
in emotional processing has been frequently described,
particularly its importance in emotional regulation (30)
and in emotional and moral judgments (31). The activation
in the superior temporal cortex may reflect its involvement
in facial emotion perception, relevant during our mood in-
duction procedure (32), but also more complex social cog-
nition processes (30). The role of the precuneus as well as
posterior cingulate in emotion processing is still unclear.
Although activation in this region has been reported dur-
ing different mood induction procedures (33, 34), the pre-
cuneus is more consistently associated with memory pro-
cesses, especially episodic retrieval (35) and recall (36). It
might be relevant to note that these processes are likely to
be evoked during our mood induction procedures. Finally,
thalamic participation during sadness as well as happi-
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ness (28) has also been documented. Hypoactivation in
these areas may correspond to the specific dysfunctions
described in patients, such as deficits in emotional facial
processing, memory, and emotion regulation. Moreover,
regional dysfunctions correspond to previously described
affected regions mostly during nonemotional functions
(e.g., references 37, 38).

Methodological Considerations

The amygdala is known to be prone to serious suscepti-
bility artifacts that make fMRI investigations in this region
particularly challenging. We have adopted conservative
methods of data analysis, balancing sensitivity and speci-
ficity through the use of a principled region-of-interest ap-
proach. However, this approach does not allow us to make
inferences over the whole brain.

Considering our previous fMRI results revealing gender
differences in healthy subjects applying the same task (22),
only men have been investigated in order to analyze a ho-
mogeneous sample, leaving gender effects unaddressed.
Also, the specific features of the activation pattern during
mood induction in each group are beyond the scope of
this paper. Finally, it should be noted that in this study
there were no significant hemispheric lateralization ef-
fects for the amygdala, similar to our previous report (14).
Furthermore, we cannot exclude that our findings may be
somehow related to stronger requirements for movement
selection or incidental verbalizations during the cognitive
control period, as compared with the mood conditions.
However, given that our analysis involved direct subtrac-
tions of the cognitive control from these conditions, any
spurious activation related to stronger selection or verbal-
ization during the control period would not have emerged.
On the other hand, we cannot exclude that strong and lo-
calized deactivations related to such processes occurring
during the control condition might have been misattrib-
uted to increased neural responses induced by the mood
conditions. However, the choice of the cognitive task al-
lowed us to take full advantage of our previous neuroimag-
ing experiments (14, 22), using the same stimulus material
with a cognitive demand.

Our findings of dysfunction in the amygdala of first-
degree relatives of patients with schizophrenia confirm
morphological investigations demonstrating structural
abnormalities in this region (4, 39). However, by the same
token, it might be argued that structural deficits could
account for brain dysfunctions verified with neuroimaging
methods. For instance, high-risk individuals revealed higher
volumes than patients but lower volumes than healthy
comparison subjects (6). In patients with schizophrenia
these volume reductions are frequent and well documented.
In a review of 49 MRI studies by Shenton and colleagues
(40), 74% reported volume reductions in this medial tempo-
ral lobe structure. We cannot rule out the possibility that
volume differences may exist between groups and may un-
derlie functional differences. However, we have previously
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reported that amygdala volume could not account for dif-
ferences in functional activity between patients and com-
parison subjects (14).

Conclusions

We have shown that following negative mood induction,
both patients with schizophrenia and their nonaffected
brothers displayed reduced brain activity in a crucial region
of the subcortical-limbic circuit of emotion processing.
Conversely, subjective emotional experiences were compa-
rable across groups. This result points to an influence of ge-
netic loading in cerebral dysfunctions relevant to emotion
processing and emphasizes the role of the amygdala for
negative affect. Furthermore, our results highlight how
compensatory mechanisms probably influenced by envi-
ronmental effects might be able to prevent clinically rele-
vant symptoms despite amygdala impairments.
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