Anterior cingulate activation and error processing
during interferon-alpha treatment
Lucile Capuron, Emory University
Giuseppe Pagnoni, Emory University
Marina Demetrashvili, Emory University
Bobbi J. Woolwine, Emory University
Charles B. Nemeroff, Emory University
Gregory Berns, Emory University
Andrew Miller, Emory University
Journal Title: Biological Psychiatry
Volume: Volume 58, Number 3
Publisher: Elsevier: 12 months | 2005-08-01, Pages 190-196
Type of Work: Article | Post-print: After Peer Review
Publisher DOI: 10.1016/j.biopsych.2005.03.033
Permanent URL: https://pid.emory.edu/ark:/25593/ts423
Final published version: http://dx.doi.org/10.1016/j.biopsych.2005.03.033

Copyright information:
© 2005 Society of Biological Psychiatry.
This is an Open Access work distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Accessed November 13, 2019 2:42 AM EST

NIH Public Access
Author Manuscript
Biol Psychiatry. Author manuscript; available in PMC 2006 February 14.

NIH-PA Author Manuscript

Published in final edited form as:
Biol Psychiatry. 2005 August 1; 58(3): 190–196.

Anterior Cingulate Activation and Error Processing During
Interferon-Alpha Treatment
Lucile Capuron, Giuseppe Pagnoni, Marina Demetrashvili, Bobbi J. Woolwine, Charles B.
Nemeroff, Gregory S. Berns, and Andrew H. Miller
Department of Psychiatry and Behavioral Sciences, Emory University School of Medicine, Atlanta,
Georgia.

Abstract
Background: There has been increasing interest in the role of immunologic processes, notably
cytokines, in the development of behavioral alterations, especially in medically ill patients. Interferon
(IFN)-α is notorious for causing behavioral symptoms, including depression, fatigue, and cognitive
dysfunction, and has been used to investigate the effects of cytokines on the brain.
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Methods: In the present study we assessed the effects of low-dose IFN-α on brain activity, using
functional magnetic resonance imaging during a task of visuospatial attention in patients infected
with hepatitis C virus (HCV).
Results: Despite endorsing symptoms of impaired concentration and fatigue, IFN-α-treated patients
(n = 10) exhibited task performance and activation of parietal and occipital brain regions similar to
that seen in HCV-infected control subjects (n = 11). Interestingly, however, in contrast to control
subjects, IFN-α-treated patients exhibited significant activation in the dorsal part of the anterior
cingulate cortex (ACC), which highly correlated with the number of task-related errors. No such
correlation was found in control subjects.
Conclusions: Consistent with the role of the ACC in conflict monitoring, ACC activation during
IFN-α administration suggests that cytokines might increase processing conflict or reduce the
threshold for conflict detection, thereby signaling the need to exert greater mental effort to maintain
performance. Such alterations in ACC activity might in turn contribute to cytokine-induced
behavioral changes.
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Patients with a wide variety of medical illnesses exhibit behavioral alterations, including
depression, at rates 5–10 times higher than in the general population (Evans et al 1999). Recent
theories have proposed that inflammatory mediators, notably cytokines, are involved in the
etiology of these behavioral changes (Dantzer et al 1999; Evans et al 1999; Schneider et al
2002; Yirmiya et al 2000). In support of this notion, a rich database has been developed that
substantiates the capacity of proinflammatory cytokines, including tumor necrosis factor α,
interleukin (IL)-1, and IL-6, to induce behavioral symptoms referred to as "sickness
behavior" (Dantzer et al 1999; Yirmiya et al 2000). Sickness behavior is typically associated
with the behavioral changes seen in humans and laboratory animals suffering from microbial
infections and includes symptoms of cognitive dysfunction, fatigue, psychomotor slowing,
anorexia, anhedonia, sleep alterations, and increased sensitivity to pain (Kent et al 1992).
Relevant to its mediation by proinflammatory cytokines, sickness behavior can be reliably
reproduced by administration of each of the proinflammatory cytokines in isolation or by
administering agents (e.g., endotoxin or lipopolysaccharide) that induce the proinflammatory
cytokine cascade. Although proinflammatory cytokines are too large to freely pass through the
blood–brain barrier, several relevant pathways by which cytokine signals can access the brain
have been elucidated, including passage of cytokines through leaky regions in the blood–brain
barrier, active transport and transmission of cytokine signals by afferent nerve fibers (e.g.,
vagus) (Plotkin et al 1996; Rivest et al 2000; Watkins et al 1995). Within the brain, a cytokine
network has been described that consists of cell types that can both produce cytokines (glia/
neurons) and receive their signals through relevant receptors (Benveniste 1998; Rothwell et al
1996). In terms of behavior, cytokines have also been shown to alter the metabolism of key
monoamines, including serotonin, norepinephrine, and dopamine, all of which are believed to
play a role in psychopathology (Dunn et al 1999).
To further investigate the effects of cytokines on the brain, recent work has focused on patients
undergoing treatment with the cytokine interferon (IFN)-α for infectious diseases and cancer.
Interferon-alpha is a potent activator of the inflammatory cytokine network and is well known
to cause neuropsychiatric symptoms, including alterations in mood (depression, anxiety,
tension/irritability), cognition, and neurovegetative function (Capuron et al 2002; Trask et al
2000). These symptoms not only negatively impact quality of life but also compromise
treatment efficacy.

NIH-PA Author Manuscript

Mood and cognitive symptoms generally arise together during IFN-α treatment (Capuron et al
2002). Cognitive alterations primarily manifest as disturbances in attention and memory and
depend on the dose, duration, and route of administration of the cytokine. For example, high
doses of IFN-α in patients with leukemia have been associated with marked neuropsychological
impairments suggestive of fronto–subcortical brain dysfunction (Pavol et al 1995). More
recently, we showed that high-dose IFN-α for malignant melanoma resulted in significant and
persistent psychomotor slowing, as manifested by slower reaction time (RT) on the Cambridge
Neuropsychological Test Automated Battery (CANTAB) (Capuron et al 2001; Fray and
Robbins, 1996). This psychomotor slowing was most pronounced when the task involved
increased attentional demands (i.e., when the stimulus appeared in an unpredictable vs. a
predictable location on the screen) (Capuron et al 2001). Normal volunteers acutely injected
with low-dose IFN-α exhibit more subtle cognitive changes, which include slower RT to stimuli
appearing at unpredictable times or locations, but normal performance on tasks of pursuit
tracking and syntactic reasoning (Smith et al 1988).
In the present study, we assessed the effect of low-dose IFN-α therapy on performance and
brain activation in a task of visuospatial attention, modeled on the RT task of CANTAB, using
functional magnetic resonance imaging (fMRI). To probe neurocognitive responses to
increasing attentional demand, a simple RT ("detection") task (low demand) and a choice RT
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("location") task (higher demand) requiring discrimination and response selection based on the
spatial localization of stimuli, were used. To our knowledge, there has been no previous fMRI
study of the neurocognitive consequences of IFN-α treatment.

Methods and Materials
Study Population
Twenty-one patients with hepatitis C virus (HCV) were enrolled in the study. Ten patients (8
male, 2 female, mean [SD] age 44 [7] years) had received pegylated (PEG) IFN-α (1.5 μg/kg
once weekly s.c.) plus oral ribavirin (800–1400 mg/day) for a mean (SD) duration of 12 (1.7)
weeks. The remaining 11 patients (8 male, 3 female, aged 42 [9] years) were awaiting PEG
IFN-α therapy and were enrolled as control subjects. No significant differences were found
between groups in terms of age, gender, history of depression, or history of substance abuse.
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All 21 subjects were right-handed. Patients with the following were excluded: history of brain
damage/trauma and/or neurologic disease; metallic implants of any kind; antidepressant or
antipsychotic drug treatment within 2 weeks (8 weeks for fluoxetine); ingestion of
benzodiazepine or non-benzodiazepine sedative/hypnotics within 72 hours; diagnosis of DSMIV Axis I psychiatric disorder before starting IFN-α therapy; alcohol/psychoactive substance
abuse or dependence within the past 2 years; uncontrolled renal, hematologic, metabolic,
cardiac/pulmonary disorders (determined by routine laboratory testing); and prior treatment
with IFN or ribavirin. All participants were adults and provided written informed consent. The
study was approved by the institutional review board of the Emory University School of
Medicine.
Cognitive Task: Visuospatial Attention
To minimize the movement of participants during the fMRI acquisition, we developed a task
of visuospatial attention that involves both attentional processes and motor responses. This
task was derived from the RT task of the CANTAB battery (Fray and Robbins 1996) but without
the requirement of reaching and pointing to a target on the computer screen. All stimuli
presentations and recordings of RT and response errors were performed with Presentation
software (Neurobehavioral Systems, San Francisco, California).
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A practice trial was completed outside the scanner room under the supervision of the
experimenter. Participants were then instructed to perform the task in the scanner, using a 5key response box. The task was presented on a screen placed in front of the scanner bed and
was monitored through a computer located outside the scanner room. Participants were able
to see the screen through a mirror attached to the head coil. The task included a simple
"detection" condition and a more complex "location" condition, similar to the "simple" and
"choice" variants of the CANTAB RT task, which involves touching a target that appears either
in a fixed (simple) or variable (choice) location, using a touch screen computer (Figure 1). In
our fMRI version of the task, the "detection" condition consisted of a yellow dot appearing at
a random location on the screen at a fixed interval of 4 sec. The subject was instructed to press
the response key ("detection" key) each time he/she detected the yellow dot on the screen,
independently of its location. The dot was displayed eight times during each "detection" block.
In the "location" condition, the screen was divided into four equal quadrants, and the yellow
dot was displayed eight times randomly in one of the quadrants, with an interstimulus interval
of 4 sec. The subject was instructed to press one of the four possible response keys (L1, L2,
L3, or L4), corresponding to the location of the quadrant in which the yellow dot appeared. It
should be noted that the display and the keyboard layouts were not isomorphic (the display
had a square layout and the keyboard a linear one), making the location condition significantly
more challenging than the detection condition. The experimental session included two runs,
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both of them consisting of alternating "detection" (D), "location" (L), and "rest" (R) blocks
with respective durations of 32 sec, 32 sec, and 24 sec. The order of the condition blocks was
D-L-R-L-D-R-D-L-R for run 1 and L-D-R-D-L-R-L-D-R for run 2. Each run lasted 5 min, and
the order of the two runs was randomized across participants.
fMRI Data Acquisition and Analysis
Scanning was performed on a 1.5-T Philips NT scanner (Philips Medical Systems, Eindhoven,
The Netherlands). The acquisition of a high-resolution T1-weighted anatomic scan was
followed by two whole-brain functional runs of 150 scans each (echo-planar imaging,
repetition time = 2000 msec, echo time = 40 msec, flip angle = 90°, 64 × 64 matrix, 24 5-mm
axial slices) for measurement of the blood oxygen level–dependent effect.
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Data were analyzed with the software SPM2 (Wellcome Department of Imaging Neuroscience,
London, United Kingdom), running in Matlab 6.1 (Mathworks, Sherborn, Massachusetts).
Motion correction to the first functional scan was performed within subject with a sixparameter rigid-body transformation. The mean of the realigned images was spatially
normalized to the Montreal Neurological Institute echo-planar template, and the computed
transformation was applied to all the realigned images, to bring the functional data into standard
space. Finally, a spatial gaussian filter (full width at half maximum = 10 mm, isotropic) was
applied to the images to accommodate intersubject variability. A random-effects statistical
analysis was performed. For each subject, a general linear model was specified and estimated.
"Location" and "detection" effects were modeled as box-cars convolved with a synthetic
hemodynamic response function. The motion parameters estimated during the realignment
phase were also entered in the general linear model as potential confounds. The images
representing the voxel-wise subject-level estimates of the contrast of interest (i.e., "location –
detection") were then entered into a two-sample t test for the assessment of the differences in
the effect between the two experimental groups. To screen out differential patterns of activity
due to the presence of deactivations in one group (the interpretation of which is highly
problematic), regions identified in this between-group (interaction) analysis were reported only
if they were significantly activated in at least one of the two experimental groups. The statistical
threshold was set at p < .001, uncorrected, limited to clusters of volume ≥270 mm3 (≥10 voxels).
Neuropsychiatric Evaluation
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Before the scan, neuropsychiatric symptoms were assessed with the Montgomery-Asberg
Depression Rating Scale (MADRS) (Montgomery and Asberg 1979). The MADRS is a
clinician-administered instrument that measures the intensity of depressive symptoms in 10
specific domains (apparent sadness, reported sadness, inner tension, reduced sleep, reduced
appetite, concentration difficulties, lassitude, inability to feel, pessimistic thoughts, and
suicidal thoughts). Symptoms were rated on a scale from 0 (absent) to 6 (severe).

Results
As shown in Table 1, consistent with the increasing demands of the task, the mean RT was
slower in the "location" condition compared with the "detection" condition in both IFN-αtreated and control groups (p < .001 for each group). No significant between-group differences
were found for either the "detection" or "location" condition. In addition, performance accuracy
was similar between groups. Of note, the number of errors within location blocks, as well as
the number of shift errors (errors on the first trial of each "location" block, reflecting
performance on task-switching processes) were low and were comparable between IFN-αtreated patients and HCV-infected control subjects. Even though no significant differences
were measured in the performance of the two groups in the task of visuospatial attention,
patients treated with IFN-α exhibited higher symptom severity scores on the MADRS scale
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compared with control subjects, especially on items assessing fatigue and loss of concentration
(Table 2).
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For the effect of interest ("location – detection"), both IFN-α-treated patients and control
subjects exhibited significant bilateral activation in occipital (lingual gyrus) and parietal (postcentral gyrus and superior parietal gyrus) brain regions (Table 3). In contrast to control patients,
however, IFN-α-treated patients showed additional activation in the frontal lobe, including the
left superior frontal sulcus, the left inferior frontal gyrus, and the dorsal part (Brodmann’s area
24) of the left anterior cingulate cortex (ACC) (Table 3, Figure 2A). Between-group
comparisons indicated that ACC activation was significantly greater in IFN-α-treated patients
compared with control subjects (Table 3, Figure 2B).
Correlation analyses indicated that the degree of activation measured in the ACC in IFN-αtreated patients was highly correlated with the number of errors made during the location blocks
(R = .954, p < .0001). Thus, more errors within location blocks were associated with higher
activation of the ACC in patients receiving IFN-α (Figure 2C). In contrast, no significant
correlation between activity in the ACC and number of errors was found in control patients
(R = –.018, p = .96). Finally, no correlation was found between activity in the ACC, RT, and
complaints of loss of concentration and fatigue (measured by the MADRS independently of
the fMRI task) in both IFN-α-treated patients and control subjects.
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Discussion
Despite complaints of concentration difficulties and fatigue, HCV patients treated with IFNα for 12 weeks exhibited normal performance on a task of visuospatial attention, as indicated
by RT and performance accuracy (in both detection and location conditions) similar to control
subjects. In addition, both IFN-α-treated patients and control subjects exhibited significant
bilateral activation in the occipital and parietal lobes, consistent with involvement of the
parieto–occipital network in visual attention processes (Corbetta et al 1998,2000;Wager et al
2004). In contrast to control subjects, however, IFN-α-treated patients exhibited significant
activation in the dorsal part of the ACC (Brodmann’s area 24), which highly correlated with
the number of task-related errors. No such correlation was found in control subjects. Given the
role of the ACC in conflict monitoring (especially during attention-demanding tasks), ACC
changes during IFN-α administration suggest that cytokines might increase processing conflict
and/or reduce the threshold for conflict detection, thereby signaling the need to exert greater
executive control and mental effort to maintain performance. Such changes in ACC
information processing might in turn contribute to the development of cytokine-induced
behavioral alterations, including depression, fatigue, and cognitive dysfunction.
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Many studies have implicated a role for the ACC (notably, the dorsal part) in cognitively
demanding tasks that involve stimulus discrimination and motor response selection (Bush et
al 2000; Paus et al 1993). Accordingly, it has been proposed that activation of the ACC reflects
the degree of intentional effort or willed control (volition) needed to perform a task, with
increased activity in this region correlating with greater deployment of effort (Duncan and
Owen 2000; Paus 2001; Paus et al 1998; Winterer et al 2002). Our finding that ACC activation
was only apparent in IFN-α-treated patients suggests that the task might have been processed
by IFN-α-treated patients as being more demanding in terms of attentional resources and
cognitive effort. Consistent with this notion, patients treated with IFN-α exhibited greater
symptom severity scores compared with control subjects on items assessing loss of
concentration and fatigue. In turn, fatigue has been shown to significantly impact cognitive
performance, including RT, in tasks involving higher attentional or cognitive demand (Van
der Linden et al 2003). Thus, activation of the ACC in IFN-α-treated patients, in the absence
of performance impairment, might reflect the need for greater deployment of executive control
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and therefore cognitive effort to overcome the potential negative effect of IFN-α-induced
fatigue on performance, especially at higher levels of task difficulty. Nevertheless, in the
absence of objective measures of perceived difficulty/effort related to the task itself, the
relationship between mental effort and ACC activation cannot be addressed in this study.
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Recently, and consistent with the involvement of the ACC in cognitively demanding tasks
involving stimulus discrimination/response selection, much interest has been devoted to
theories considering the role of the ACC in error detection and conflict monitoring. These
theories were derived from event-related-brain-potential studies during speeded response tasks
showing a significant negative scalp-potential, time-locked (error-related negativity, ERN) to
the time onset of an erroneous response, likely generated by the ACC (Falkenstein et al
1991; Gehring et al 1993). Further neuroimaging studies have indicated, however, that activity
in the ACC was also apparent during correct responses under conditions of increased response
competition. On the basis of these findings, which emphasize the "evaluative" function of the
ACC, it has been suggested that the ACC provides an on-line signal of conflicts rather than
errors per se, which in turn indicates the need to engage other brain regions to implement
problem-solving strategies (Botvinick et al 2004; Carter et al 1998; Kerns et al 2004). In the
present study, activation of the ACC was found to be highly correlated with the number of
location errors in IFN-α-treated patients only, a result that is consistent with the hypothesized
role of the ACC in error/conflict monitoring (Botvinick et al 2004; Carter et al 1998; Kerns et
al 2004). Nevertheless, as noted above, the rate of errors during the task was low and was no
different in IFN-α-treated patients compared with control subjects. Therefore, it seems that in
patients treated with IFN-α, the task was processed as a condition of higher conflict, despite
an error rate that was insufficient to induce a central response in control subjects. It is unclear
whether ACC activation in IFN-α-treated patients is an indirect manifestation of an actual
increase in processing conflict (e.g., secondary to fatigue or other competing sensory inputs/
response outputs) or whether IFN-α alters the sensitivity of the ACC to conflict detection.
Future studies of the relationship between ACC activation and a range of error rates (as a
function of increasing task difficulty) in IFN-α-treated patients will shed more light on this
question. For example, such a strategy has been used to investigate cognitive processing
alterations in patients with schizophrenia (Carter et al 1997; Nordahl et al 2001).
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Interestingly, increased ACC activation in response to low error rate has been found in
individuals vulnerable to psychiatric conditions, including mood and anxiety disorders. For
example, Paulus et al (2004) have recently shown increased activation of the ACC during a
low-error-rate, decision-making task in individuals with high-trait anxiety, a personality
characteristic pre-disposing to psychopathologic (notably anxious) reactions in the context of
situations perceived as potentially threatening. This finding was interpreted as suggesting that
increased ACC activation during low-error-rate tasks in high-trait anxiety subjects could reflect
anticipation of adverse outcomes and errors and contribute to fearfulness of future conflict
processing. Other psychological/psychiatric conditions, including neuroticism, distress/
negative affect, bipolar disorder, and obsessive-compulsive disorder, have also been associated
with either larger ERN amplitude or greater ACC activation during cognitive tasks (Chang et
al 2004;Luu et al 2000;Ursu et al 2003). Taken together, the data suggest that cytokine-induced
increases in ACC activity might underlie an increased sensitivity and responsiveness to
negative events or tasks perceived as potentially challenging and thereby contribute to
cognitive distortions that influence emotion regulation. Thus, aside from signaling the need
for greater deployment of cognitive effort, increased activation of the ACC in patients treated
with IFN-α might also impart an increased vulnerability to negative affects and conflicting
situations, and more generally to mood disorders. Because IFN-α-induced behavioral
alterations serve to model cytokine-induced behavioral changes, the data also suggest that
alterations in cognitive processing secondary to cytokine effects on the brain might represent
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a risk factor for the development of depression, fatigue, and cognitive dysfunction in patients
with increased endogenous cytokines due to various medical illnesses and/or their treatment.
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Relevant to potential neurobiological mechanisms of alterations in ACC activation during
cytokine administration, it should be noted that the ACC exhibits a high concentration of
corticotrophin-releasing hormone (CRH) (Lewis et al 1989). Corticotrophin-releasing
hormone is well known to be elevated in patients with mood and anxiety disorders, and its
release is activated by inflammatory cytokines, such as IFN-α (Raber et al 1997). Of note,
evidence of CRH hypersensitivity (as manifested by increased adrenocorticotropic hormone
and cortisol release to the first injection of IFN-α) has been found to predict the development
of IFN-α-induced depression in cancer patients (Capuron et al 2003). In addition, it has been
suggested that dopaminergic pathways might influence neuronal activity in the ACC (Gabriel
and Taylor 1998; Morgan et al 2002). Interestingly, IFN-α has also been associated with
evidence of altered dopaminergic function, which in turn has been posited to mediate some
core symptoms of cytokine-induced depression (Capuron and Miller 2004; Dunn et al 1999;
Shuto et al 1997). These data indicate that both CRH and dopaminergic pathways, known to
be activated by cytokines, might participate in cytokine effects on ACC function, thereby
providing a potential cognitive pathway to cytokine-induced neuropsychiatric symptoms.
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It should be noted that the lack of performance deficits in IFN-α-treated patients might reflect
the lower dosage and once-weekly administration of IFN-α used in the present study compared
with previous reports. Indeed, most of the previous studies showing performance deficit during
IFN-α therapy were conducted in patients either receiving high doses of IFN-α or treated with
multiple injections of IFN-α per week (Capuron et al 2001; Pavol et al 1995; Smith et al
1988). In the present study, however, HCV patients were treated with PEG IFN-α, administered
once weekly at a relatively low dosage. Alternatively, the task used in this study might not
have been cognitively demanding enough to significantly disturb psychomotor speed and
efficiency in IFN-α-treated patients, or it might have remained within the boundaries of
compensatory mechanisms. Finally, it is possible that increased ACC activation after 12 weeks
of IFN-α administration might reflect an increased vulnerability to cognitive dysfunction (and/
or psychopathology), which might occur after more prolonged (or intense) cytokine exposure.
Nevertheless, the presence of normal task performance in the context of IFN-α treatment
provides a unique opportunity to examine cytokine-induced alterations in regional brain
activation that are not confounded by cytokine-induced performance deficits.
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Figure 1.
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Visuospatial attention task. In the detection condition (A), subjects were instructed to press the
detection key ("D") on the response box each time they detected the yellow dot on the screen.
In the location condition (B), subjects were instructed to press the key corresponding to the
location of the quadrant in which the yellow dot appeared (on the given example, the key to
be pressed is L2).
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Figure 2.
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(A) Activation of the anterior cingulate cortex (ACC) in patients treated with interferon (IFN)α (contrast "location – detection"). (B) Activation of the ACC in patients treated with IFN-α
compared with control subjects (CTRL) (contrast "location – detection: IFN > CTRL"). (C)
Relationship between ACC activation and the rate of errors within the location blocks in
patients treated with IFN-α (red stars) (R = .954, p < .0001) and in control subjects (black
triangles) (R =–.018, p = .96).
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Table 1.

Reaction Time and Performance Accuracy on the Task of Visuospatial Attention in Control Subjects and Patients
Undergoing IFN-Alpha Therapy

NIH-PA Author Manuscript

Control Subjects (n = 11)

IFN-Alpha (n = 10)

Between-Group Difference
(p)

466 (133)
a
839 (168)

475 (149)
a
796 (97)

.89
.49

1.91 (2.02)
.64 (.92)

1.30 (1.49)
.40 (.70)

.45
.52

Reaction time (msec)
Detection time
Location time
Location errors
b
Within errors
c
Shift errors
Data are shown as mean (SD). IFN, interferon.
a

p < .001 compared with respective detection time (intragroup comparison).

b

Location within errors: errors within detection blocks.

c
Location shift errors: errors on the first trial of each location block (either from detection to location or from rest to location).
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Table 2.

Neurobehavioral Symptoms (as Measured by the MADRS) in HCV Patients Treated with IFN-Alpha Versus
HCV Patients Awaiting IFN-Alpha Therapy (Control Subjects)
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Total MADRS score
MADRS Domains
Apparent Sadness
Reported Sadness
Inner Tension
Reduced Sleep
Reduced Appetite
Concentration Difficulties
Fatigue
Inability to Feel
Pessimistic Thoughts
Suicidal Thoughts

Control Subjects

IFN-Alpha

Between-Group
Difference (p)

2.91 (3.01)

10.80 (6.37)

<.01

.18 (.40)
.18 (.40)
.46 (1.03)
.82 (1.40)
.18 (.60)
.36 (.80)
.45 (1.03)
.09 (.30)
.18 (.40)
.00 (.00)

.80 (.91)
.50 (.52)
1.30 (1.41)
1.80 (1.93)
1.40 (1.35)
1.60 (1.57)
1.70 (1.49)
.90 (1.28)
.70 (.82)
.10 (.31)

.06
.14
.13
.20
<.05
<.05
<.05
.06
.08
.31

Data are given as mean (SD). MADRS, Montgomery-Asberg Depression Rating Scale; HCV, hepatitis C virus; IFN, interferon.
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Table 3.

Brain Regions Displaying Significant Changes in Measured Activity for the Contrast "Location — Detection"
Peak MNI
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Brain Region

NIH-PA Author Manuscript

Control Subjects
Parietal lobe
Postcentral gyrus (R)
Postcentral gyrus (L)
Superior parietal gyrus (L)
Occipital Lobe
Lingual gyrus (bilateral)
IFN-α
Frontal lobe
Superior frontal sulcus (L)
Inferior frontal gyrus (L)
Anterior cingulate (BA24) (L)
Parietal lobe
Superior parietal gyrus (R)
Superior parietal gyrus (L)
Postcentral gyrus (L)
Postcentral gyrus (R)
Occipital lobe
Lingual gyrus (bilateral)
Control Subjects > IFN-α
None
IFN-α > Control Subjects
Frontal lobe
Anterior cingulate (BA24) (L)

Z score

3

Volume (mm )

X

Y

Z

4.44
4.02
3.46

972
1566
648

51
-48
-15

-27
-33
-75

48
51
57

4.13

9693

-6

-96

-3

4.43
4.15
3.47

1863
405
270

-27
-51
-3

0
21
-3

60
-12
51

4.04
3.80
3.90
3.72

4023
1728
405
1107

15
-9
-30
45

-72
-63
-39
-33

54
63
69
48

5.22

9963

-9

-99

-3

4.37

324

0

0

48

Statistical threshold was set at p <.001, uncorrected, limited to clusters of volume ≥270 mm3 (≥10 voxels). MNI, Montreal Neurological Institute; R,
right; L, left; IFN, interferon; BA, Brodmann's area.
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