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evels-of-Processing Effects in First-Degree Relatives
f Individuals with Schizophrenia

aron Bonner-Jackson, John G. Csernansky, and Deanna M. Barch

ackground: First-degree relatives of individuals with schizophrenia show cognitive impairments that are similar to but less severe than
heir ill relatives. We have shown that memory impairments can be improved and prefrontal cortical (PFC) activity increased in individuals
ith schizophrenia by providing beneficial encoding strategies. The current study used a similar paradigm to determine whether siblings of

ndividuals with schizophrenia (SIBs) also show increases in brain activity when presented with beneficial encoding strategies.

ethods: Twenty-one SIBs and 38 siblings of healthy comparison subjects underwent functional magnetic resonance imaging scans while
ngagedindeep(abstract/concrete judgments)andshallow(orthographicjudgments)encoding.Subjectswerethengivenarecognitionmemorytest.

esults: The groups did not differ on encoding or recognition accuracy, and the SIBs benefited from deep encoding to a similar degree as
ontrol subjects. The SIBs showed deep encoding-related activity in a number of PFC regions typically activated during semantic processing.
owever, SIBs showed more activity than control subjects in three subregions of PFC (left BA 44 & BA 47 bilaterally).

onclusions: Siblings of individuals with schizophrenia benefit from supportive verbal encoding conditions. Like individuals with schizophrenia,
IBs also show increased task-related activity in a larger number of PFC subregions than control subjects during deep verbal encoding.
ey Words: Encoding, episodic memory, relatives, schizophrenia

here is consistent evidence of a significant genetic compo-
nent to schizophrenia (Gottesman 1991; Tsuang et al. 1991,
1999). In support of this genetic involvement, first-degree

elatives of individuals with schizophrenia show neuropsychologi-
al impairments that are similar to but less pronounced than those
ound in individuals with schizophrenia (Cannon et al. 1994;
ughes et al. 2005; Keefe et al. 1994; Krabbendam et al. 2001).
Verbal memory dysfunction represents one of the most

ronounced cognitive deficits in individuals with schizophrenia
Cirillo and Seidman 2003), and a rapidly growing literature has
dentified similar verbal memory impairments in the first degree
elatives of individuals with schizophrenia (Kremen et al. 1994;
itskoorn et al. 2004; Snitz et al. 2006). For example, a recent
eta-analysis by Sitskoorn et al. (2004) identified verbal memory

unctioning as one of the most reliable ways to differentiate
etween unaffected relatives of individuals with schizophrenia
nd control subjects. Thus, deficits in verbal memory might
epresent one neurocognitive indicator of risk for schizophrenia.

Relatively little is known about the alterations in brain activa-
ion associated with verbal episodic memory deficits in the
elatives of individuals with schizophrenia. Studies of schizo-
hrenia subjects have typically found abnormal encoding-related
rain activity in conjunction with impaired task performance
Barch et al. 2002; Crespo-Facorro et al. 1999; Heckers et al.
998; Jessen et al. 2003; Ragland et al. 2004; Weiss et al. 2003). In
eneral, individuals with schizophrenia show an atypical pattern
f activation in frontal and medial temporal lobe regions during
pisodic memory encoding.

Although neuroimaging studies have examined working
emory-related brain activity in unaffected relatives of individ-
als with schizophrenia (Callicott et al. 2003; Seidman et al. 2006;
hermenos et al. 2004), there have been few studies of episodic

rom Washington University (AB-J, JGC, DMB), St. Louis, Missouri.
ddress reprint requests to Aaron Bonner-Jackson, Washington University,

Department of Psychology, One Brookings Drive, Box 1125, St. Louis, MO
63130; E-mail: abonnerj@artsci.wustl.edu.
eceived June 8, 2006; revised July 11, 2006; accepted July 13, 2006.

006-3223/07/$32.00
oi:10.1016/j.biopsych.2006.07.006
memory in this group. One such study (Whyte et al. in press)
found over-activation of right IFG and right cerebellum during
episodic memory processing in a group of individuals at high risk
for the development of schizophrenia. Further research in this
area would provide greater insights into the neural substrates of
verbal episodic memory in individuals with an elevated genetic
risk for schizophrenia, while avoiding some of the pitfalls that
typically confound research with actively ill participants (medi-
cation, performance effects, etc.).

A paradigm often used for studying verbal memory is the
levels-of-processing paradigm (Craik and Lockhart 1972). In this
paradigm, participants are oriented to process stimuli to different
degrees (e.g., semantically vs. orthographically) at encoding and
are then given a subsequent memory test. “Deep” encoding is
very often, although not always, associated with better recall and
recognition than “shallow” encoding (Craik and Lockhart 1972;
Craik and Tulving 1975) and has been shown to preferentially
activate areas in left prefrontal cortex (PFC), particularly the left
IFG (Casasanto et al. 2002; Fletcher et al. 2003; Kapur et al. 1994;
Otten and Rugg 2001; Otten et al. 2001). Our group (Bonner-
Jackson et al. 2005) and others (Ragland et al. 2003, 2005) have
recently found that individuals with schizophrenia, like healthy
control subjects, benefit from deep encoding of words and show
encoding-related cortical activity in typical semantic processing
regions (e.g., L BA 47) when using deep processing strategies.
However, our findings indicated that even when supported by
beneficial verbal encoding strategies, the schizophrenia subjects
activated regions of PFC not activated by the control group,
including the left inferior frontal (BA 45), right inferior frontal
(BA 45), and left middle frontal gyrus (BA 10). It is still unclear,
however, whether this expanded pattern of cortical activity during
verbal episodic memory performance is related to the schizophrenia
disease process or associated with the underlying genetic risk for
development of the disease. If the latter possibility were true, then
unaffected first-degree relatives of individuals with schizophrenia
should show a similar pattern of expanded prefrontal cortex activity
during deep verbal episodic memory encoding.

The goal of the current study was to test the hypothesis that
first-degree relatives of individuals with schizophrenia: 1) show

memory benefits after a levels-of-processing manipulation; 2) acti-

BIOL PSYCHIATRY 2007;61:1141–1147
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ate typical semantic processing regions during deep encoding,
ncluding left IFG (BA 47); and 3) show a pattern of expanded
ilateral PFC activity during deep encoding.

ethods and Materials

articipants
The participants were 24 siblings of DSM-IV–diagnosed

chizophrenia subjects (SIBs) and 40 siblings of healthy compar-
son subjects (SNCs). All participants were recruited to participate
n studies of brain structure and function at the Conte Center for
he Neuroscience of Mental Disorders at Washington University.
otential participants were excluded for any of the following: 1)
eeting DSM-IV criteria for substance abuse or dependence
ithin the past 3 months, 2) the presence of any clinically
nstable or severe medical disorder, 3) head injury with docu-
ented neurological sequelae or loss of consciousness, or 4)
eeting DSM-IV criteria for mental retardation (mild or greater in

everity). Demographic information is displayed in Table 1 and is
imited to the subjects who had valid neuroimaging data. Data
rom 5 participants (3 SIBs, 2 SNCs) were unusable because of
xcessive movement during scanning (i.e., movement greater
han 2 SDs above the mean in the X, Y, or Z plane) and poor
ignal-to-noise ratios. Thus, all data presented are for 21 SIBs and
8 SNCs. The SNCs and SIBs were statistically similar on all
ariables, including gender composition, and exclusion of the
articipants with invalid neuroimaging data did not alter the
esults of the between group comparisons.

Diagnostic information was collected by a specially-trained
SW-level research assistant with the Structured Clinical Inter-
iew for DSM-IV (SCID-IV; Spitzer et al. 1990), the Structured
nterview for Prodromal Syndromes (Miller et al. 1999), and all
vailable hospital records and corroborative family sources.
ean ratings for positive, negative, disorganized, and general

ymptoms are displayed in Table 1. Although ratings for SIBs
ere higher than those of SNCs on all four scales, none of the
ifferences reached statistical significance. However, in other
ork with a larger sample size, the SIBs scored significantly
igher than SNCs on negative symptoms (Delawalla et al. 2006).

Written informed consent was obtained for all participants
efore participation in any aspect of the research. All experimen-
al procedures were approved by the Institutional Review Board
IRB) of Washington University in St. Louis and complied with
hese regulations.

able 1. Demographic and Clinical Data

haracteristic SCNs SIBs

ge (yrs) 20.9 (3.5) 21.1 (3.5)
Male 26.3 47.6

arents’ Education (yrs) 15.3 (2.4) 14.6 (2.9)
ducation (yrs) 13.1 (2.4) 12.9 (2.8)
andedness (% right) 83.3 84.2
IPS – Positive (Sum) .67 (1.6) 1.3 (2.4)
IPS – Negative (Sum) .72 (1.7) 1.5 (3.3)
IPS – Disorganized (Sum) .61 (1.3) .76 (1.1)
IPS – General (Sum) 1.5 (2.8) 2.1 (3.0)

Data presented as mean (SD).
SCNs, siblings of control subjects; SIBs, siblings of participants with

chizophrenia; SIPS, Structured Interview for Prodromal Syndromes; data for

SCNs was unavailable.

ww.sobp.org/journal
Tasks and Materials
The tasks and materials used were identical to those de-

scribed elsewhere (Bonner-Jackson et al. 2005). Briefly, all
subjects performed encoding and recognition tasks while being
scanned. Participants saw 64 words in each of the two scanning
runs (128 words total). Participants made deep encoding (ab-
stract/concrete) judgments in one scanning run and shallow
encoding (orthographic) judgments in the other scanning run.
During the recognition task, subjects were presented with 64
words and made yes/no responses to indicate whether or not
they had seen the current word during either of the encoding
tasks. One-half of the words presented at recognition were old
(equal numbers from deep and shallow encoding) and one-half
were new foils. Foils were matched with targets on word length
and frequency. Not all words presented during encoding were
assessed at recognition. The encoding tasks always took place
before the recognition task, but task order for shallow and deep
encoding was counterbalanced across participants.

Stimuli for the verbal tasks were visually presented words,
3–10 letters in length, and presented in 48-point Geneva font, as
previously reported (Barch et al. 2002; Braver et al. 2001; Kelley
et al 1998; Logan et al. 2002; McDermott et al. 1999).

Participants performed tasks in runs lasting 4.25 min each.
Runs included four task blocks of 16 trials each and three fixation
blocks of 10 trials each interleaved in alternating order with the
task blocks. Additionally, four fixation trials at the beginning
were discarded in the analysis of the data (used to allow
magnetic resonance signal to reach steady state) and there were
four additional fixations at the end. Task blocks lasted 40 sec,
and fixation blocks lasted 25 sec. Each of the items in a task block
was presented for 2 sec followed by a 500-msec interstimulus
interval. During fixation blocks, a cross hair appeared continu-
ously and participants were instructed to fixate.

Outside of the scanner, all participants received a battery of
neuropsychological tests, including measures of episodic mem-
ory function (e.g., Logical Memory, Family Pictures, and the
California Verbal Learning Test).

Scanning
All scanning was performed on the 1.5T Siemens VISION

system (Siemens, Malvern, Pennsylvania). Functional images
were collected with an asymmetric spin-echo echo-planar se-
quence sensitive to blood oxygenation level-dependent (BOLD)
contrast (T2*) (repetition time [TR] � 2500 msec, echo time
[TE] � 50 msec, field of view � 24 cm, flip � 90°). During each
functional run, 102 sets of axial images were acquired parallel to
the anterior–posterior commissure plane (3.75 � 3.75 mm in-
plane resolution), allowing complete brain coverage at high
signal-to-noise ratio (Conturo et al. 1996). Nineteen slices 7 mm
thick were acquired in each image. Structural images were
acquired with a coronal magnetization-prepared rapid gradient-
echo imaging (MPRAGE) three-dimensional T1-weighted se-
quence (TR � 9.7 msec, TE � 4 msec, flip � 10°; voxel size �
1 � 1 � 1.2 mm) and used for between-subject registration (as
described in the following section) and anatomic localization.

Data Analysis
Functional Magnetic Resonance Imaging Data. Functional

magnetic resonance imaging preprocessing included: 1) com-
pensation for slice-dependent time shifts, 2) elimination of
odd/even slice intensity differences due to interpolated acquisi-
tion, 3) realignment of all data acquired in each subject within

and across runs to compensate for rigid body motion (Ojemann
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t al. 1997), 4) intensity normalization to a whole brain mode
alue of 1000, and 5) spatial smoothing with an 8-mm full-width-
t-half-maximal Gaussian kernel. The functional data were trans-
ormed into the stereotaxic atlas space of Talairach and Tour-
oux (1988) by computing a sequence of affine transforms (first
rame echo-planar imaging [EPI] to T2-weighted turbo spin echo
TSE] to MPRAGE to atlas representative target) composed by
atrix multiplication. All analyses described in the following

ection were conducted on the basis of atlas-transformed data
esampled to 3-mm cubic voxels.

For each participant, we estimated the magnitude of task-
elated activation in each voxel with a general linear model
GLM) and a boxcar task function convolved with a Boynton
emodynamic response function, with separate estimates for
ach encoding task. These estimates were then entered in
ppropriately designed analyses of variance (ANOVAs) and
tests (described in more detail in the following) that treated
ubjects as a random factor. To control for false-positive rates, we
sed a cluster-size threshold of 9 contiguous voxels and a
er-voxel � of at least .0004, corresponding to a corrected whole
rain false positive rate of approximately .05. We required
ultiple effects to be significant simultaneously, a p value

hreshold of .02 being required for each effect and resulting in a
ombined significance of either .0004 (.02 � .02) or .000008
.02 � .02 � .02) (Barch et al. 2001).

We examined group differences in brain regions sensitive to
evels-of-processing. To identify task-responsive regions for the
evels-of-processing effect that also showed group differences,
e required voxels to show all of the following: 1) significant

ask-related activation for either deep or shallow word encoding
ask for either SCN or SIB, with voxel-wise dependent sample
tests; 2) greater task-related activity for either deep encoding
ompared with shallow or for shallow compared with deep
ncoding, in either the SCN or SIB group, with voxel-wise within
ubject t tests; and 3) significant group differences in encoding
ask-related activation, with voxel-wise ANOVAs with group
SCN, SIB) as a between-subject factor and encoding depth
deep, shallow) as a within-subject factor.

Behavioral Data. Accuracy and mean reaction times (RTs)
or correct responses were examined for encoding and recogni-
ion tasks separately with ANOVAs and t tests. Recognition
esponses were classified as “hits” if subjects correctly identified
reviously seen words and as “correct rejections” when subjects

Table 2. Behavioral Data: Encoding and Recognition of

Task Measu

Word Encoding (Deep) Accuracy
Reaction Tim

Word Encoding (Shallow) Accuracy
Reaction Tim

Word Recognition (New) % Correct Re
Reaction Tim

Word Recognition (Deep) Accuracy
Reaction Tim

Word Recognition (Shallow) Accuracy
Reaction Tim

Data presented as mean (SD). Abbreviations as in Ta
Corrected Hit Rates (Hits – False Alarms) are reporte
aMain effect of encoding depth (Shallow � Deep), p
bGroup � Depth interaction (SCNs � Siblings of Pro
cMain effect of encoding depth for recognition accu
dMain effect of encoding depth for recognition RT (S
orrectly identified new words.
Results

Behavioral Data
Encoding Performance. Encoding performance data were

analyzed with repeated measures ANOVAs with Group (SCN,
SIB) as the between-subjects factor and Depth (deep, shallow) as
the within-subjects factor (Table 2). The ANOVA for encoding
accuracy revealed a main effect of task type [F (1,57) � 107.93,
p � .001]. Post hoc contrasts revealed significantly better perfor-
mance on the shallow (M � .93) than the deep (M � .81) task
within each group (p � .001). The Group � Depth interaction
was also significant [F (1,57) � 4.78, p � .05]. Post hoc analyses
revealed that SNCs (M � .95) performed the shallow encoding
task significantly better than SIBs (M � .91), [t (57) � 2.21, p �
.05], whereas performance of the deep encoding task did not
differ between the groups (p � .5). The ANOVA for RT did not
reveal any significant effects.

Recognition Performance. The recognition accuracy data
were analyzed with a 2 � 2 ANOVA, with Group (SCN, SIB) as the
between-subjects factor and Depth (deep encoding, shallow encod-
ing) as the within-subjects factor (see Table 2). Corrected hit rates
(hits � false alarms) were computed for the deep and shallow
recognition conditions analyzed in the ANOVA. The ANOVA for
recognition accuracy revealed a significant main effect of encoding
depth [F(1,57) � 66.92, p � .001]. Post hoc comparisons revealed
that corrected hit rates for deeply encoded words (M � .57) were
significantly higher than those for shallowly encoded words (M �
.30). Neither the effect of Group (p � .35) nor the Group � Depth
interaction (p � .81) was significant.

The recognition RT data were analyzed with a 2 � 3 ANOVA,
with Group (SCN, SIB) as the between-subjects factor and Depth
(deep encoding, shallow encoding, new) as the within-subjects
factor. The ANOVA revealed a main effect of encoding depth
[F (2,56) � 9.56, p � .001]. Post hoc comparisons revealed that
recognition RT was significantly longer for shallowly encoded
words (M � 1083) than for deeply encoded words (M � 1014)
[t (58) � 4.5, p � .001]. Additionally, recognition RT was signif-
icantly longer for shallowly encoded words than for new words
(M � 1050) [t (58) � 2.02, p � .05], with trend-level significant
differences between deeply encoded words and new words (p �
.068). No other significant differences were obtained.

Neuropsychological Measures. Neuropsychological data
from 2 SIBs and 2 SNCs were not available. Data presented here

s

SCNs SIBs

.80 (.08) 82 (.08)
s) 992 (142) 1056 (124)

.95 (.04)a,b .91 (.09)a

s) 1022 (134) 1049 (145)
ns .72 (.30) .69 (.31)

s) 1063 (164) 1026 (154)
.60 (.29)c .51 (.39)c

s) 1018 (195) 1008 (183)
.33 (.29) .26 (.46)

s) 1086 (210)d 1078 (133)d

ecognition accuracy data.
1.

s).
Deep � Shallow), p � .001.
w � Deep), p � .001; (Shallow � New), p � .05.
Word

re

e (m

e (m
jectio
e (m

e (m

e (m

ble 1.
d for R
� .00

band
are based on 19 SIBs and 36 SNCs, and group means are
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resented in Table 3. The SIBs, as compared with SNCs, dem-
nstrated deficits on one measure of nonverbal episodic memory

Family Pictures 1, t (53) � 3.06, p � .005]. No other significant
ifferences between groups were detected.

euroimaging Data
We began our analysis of the neuroimaging data by identify-

ng brain regions within each of the groups (SCN, SIB) that
howed levels-of-processing effects (i.e., greater task-related
ctivity during deep encoding than shallow encoding or greater
ask-related activity during shallow than deep encoding; see
ethods and Materials for analysis details). Regions of significant

ctivity are displayed in Table 4.
As has been found in previous studies, SNCs showed greater

ctivity in deep rather than shallow in typical semantic encoding
egions, including left inferior frontal (BA 47) and superior
rontal (BA 6) gyrus. For the same contrast, SIBs showed activity
n similar semantic processing regions, including left inferior
rontal (BA 44/47) and middle frontal (BA 6) gyrus. However,
IBs also showed deep encoding-related activity in areas of right
FG (BA 44/47; Table 4, Figure 1).

Next, we examined regions that demonstrated significant
etween-group differences (SCN � SIB or SIB � SCN) in the
evels-of-processing effect (see Methods and Materials for details
f analysis procedure). As shown in Figure 2, this analysis
evealed three regions of significant between-group differences:
ne in right IFG (BA 47) and two in left IFG (BA 44 & 47). Post
oc analyses revealed that in all three regions SIBs demonstrated
ignificantly more activity during deep than during shallow
ncoding (all p values � .02), whereas SNCs showed no signif-
cant differences between deep and shallow encoding in these
egions (all p values � .15). In addition, SIBs demonstrated

able 3. Neuropsychological Data

SCNs SIBs Effect Size (d)

ogical Memory I (Scaled) 11.4 (2.9) 9.9 (3.7) .4512
amily Pictures I (Scaled) 11.4 (2.8)a 9.2 (2.2) .8737
VLT: Short Delay Free
Recall (Raw) 12.8 (2.1) 12.1 (1.9) .3495

Data presented as mean (SD). CVLT, California Verbal Learning Test;
ther abbreviations as in Table 1.

aSCN � SIB (p � .005).

able 4. Levels-of-Processing Effects (Deep vs. Shallow Encoding)

OI
Brodmann

Area(s) X

CNs
Left Inferior Frontal Gyrus 47 �52
Left Cuneus 18 �22
Left Superior Frontal Gyrus 6 �2
Right Cuneus 18 26
Left Inferior Frontal Gyrus 46 �44

IBs
Left Middle Frontal Gyrus 6 �4
Left Inferior Frontal Gyrus 44 �46
Right Inferior Frontal Gyrus 47 40
Right Cerebellum 32
Left Inferior Frontal Gyrus 44/47 �40
Right Inferior Frontal Gyrus 44 44
ROI, region of interest; other abbreviations as in Table 1.

ww.sobp.org/journal
significantly greater task-related activity during deep encoding
than SNCs in each of these three regions.

We next investigated the effect of encoding task performance
on cortical activity in the three regions that showed significant
between-group differences for the deep � shallow encoding
contrast (R BA 47, L BA 47, L BA 44). To do this, we correlated
task performance during deep encoding with mean activation
values during deep encoding in the three regions of interest
(ROIs) in each group separately. In SNCs, the activity in the three
regions did not correlate significantly with deep encoding task
performance (all p values � .20). However, SIBs showed a
significant positive correlation between deep encoding task
performance and cortical activity in the right IFG region [r � .44,
p � .05]. Correlations in the other two ROIs were nonsignificant.

A potential confound with the current study concerned the
gender composition of each group, as the SIB group had a larger
proportion of males than did the SNC group (47.6% vs. 26.3%). In

Y Z
ROI F Value for Main

Effect of Depth Effect Size

27 �3 21.94 .7168
102 9 20.21 .7043

12 60 15.94 .4976
�99 9 10.52 .6347

42 9 10.33 .5675

24 45 15.39 .7295
12 27 14.48 .9717
24 0 9.08 .7629

�69 �36 7.74 .8390
39 0 7.65 .9512
42 0 7.15 .7936

Figure 1. Levels-of-processing effect (deep � shallow encoding) for siblings of
control participants (top) and siblings of individuals with schizophrenia (bottom).
Both groups demonstrated intact levels-of-processing effects in typical semantic
processingregions, includingleft IFG(BA47). Inaddition,siblingsof individualswith
schizophreniashowedadditionalactivationnotseenincontrolsubjects inright IFG
(BA 44/47), among other regions. (Note: Right side of image represents right side of
brain, left side of image represents left side of brain.)
�
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rder to determine whether gender significantly affected the neu-
oimaging results, we performed repeated measures ANOVAs sep-
rately for each group in the three ROIs that showed significant
etween-group differences, similar to the procedure described
bove. Results of the ANOVAs indicated that the Group � Depth
nteraction remained significant independently for both males and
emales in all three ROIs.

iscussion

In this study, we aimed to determine whether the siblings of
ndividuals with schizophrenia would show memory benefits
fter a levels-of-processing manipulation (i.e., deep encoding)
nd activate semantic processing regions typically activated in
ealthy individuals during deep encoding. We also predicted that
he siblings of individuals with schizophrenia would show a
attern of enhanced bilateral PFC activity during deep encoding
imilar to that previously observed in schizophrenia subjects
Bonner-Jackson et al. 2005). Our predictions were confirmed in
ll three cases. Siblings of schizophrenia subjects, like healthy
ubjects, recognized significantly more deeply encoded words
han shallowly encoded words, and activated brain regions
ommonly associated with semantic processing, including the
eft IFG (BA 44). However, siblings of schizophrenia subjects also
ctivated regions in bilateral PFC during the deep verbal encod-
ng task, including three regions of PFC not typically activated by
ealthy subjects.

We were somewhat surprised that SIBs showed similar levels
f cognitive performance compared with healthy subjects after a
evels-of-processing manipulation. Such a finding—unimpaired
erbal memory performance in SIBs—has not been common in
revious studies. Although some investigators have reported no
ignificant differences in similar tasks between relatives of
chizophrenia subjects and healthy subjects (Goldberg et al.
990; Stratta et al. 1997), the majority of findings indicate some
orm of verbal memory impairment in the former group (Cannon
t al. 1994; Hoff et al. 2005; Schubert and McNeil 2005; Sitskoorn
t al. 2004; Sponheim et al. 2004; Toulopoulou et al. 2003a,
003b). In light of our findings, it is possible that the verbal
emory deficits seen in previous studies of relatives of schizo-
hrenia subjects were the result of ineffective encoding strategies
n their part, as has been previously suggested (Lyons et al.
995). Consistent with this notion, there were episodic memory

igure 2. Regions which demonstrate a significant Group � Encoding
epth interaction: left IFG (BA 44; �44, 15, 27; circled in red), left IFG (BA 47;
32, 36, �3; circled in blue), and right IFG (BA 47; 40, 42, �3; circled in

reen). Siblings of individuals with schizophrenia demonstrated more activ-
ty during deep encoding in all three regions than control participants.
Note: Right side of image represents right side of brain, left side of image
epresents left side of brain.)
eficits (or trend-level differences) in the SIBs during neuropsy- 
chological tasks for which there was no encoding support (e.g.,
Family Pictures, Logical Memory), similar to the pattern of
memory deficits that has been demonstrated in schizophrenia
(Brebion et al. 1997; Larsen and Fromholt 1976; Traupmann
1980). The performance differences between the in-scanner
memory task, which relied on recognition, and the neuropsy-
chological tasks administered outside of the scanner, which were
recall measures, might stem from differential discriminability of
the two task types. Traditionally, memory tasks that require recall
are more cognitively demanding and rely on conscious recollec-
tion on the part of the participant. In contrast, recognition of
items can be accomplished on the basis of familiarity, as opposed
to recollection, and could potentially artificially equate the
performance of the two groups in our study. Thus, our results
suggest that deficits in generating effective strategies for verbal
encoding might be, at least in part, indicative of genetic liability
for schizophrenia. Further work will be needed to confirm this
hypothesis.

Previous work in healthy populations has identified several
regions of PFC, including left IFG (BA 45/47), in which encoding-
related activity reliably predicts subsequent retrieval success (Buck-
ner et al. 2001; Fletcher et al. 2003; Kapur et al. 1994; Wagner et al.
1998). Our results indicate that SIBs, like individuals with schizo-
phrenia, activate these regions when engaged in the deep verbal
encoding task. However, in addition to showing brain activity in a
number of the regions activated by control participants, SIBs also
showed significantly more cortical activity than control subjects in
three subregions of PFC during deep verbal encoding—two areas of
left IFG (BA 44 & 47) and one area of right IFG (BA 47). These
results are strikingly similar to the pattern of brain activity we found
previously during deep semantic encoding in individuals with
schizophrenia (Bonner-Jackson et al. 2005) and are in line with
previous findings of overactivity in PFC during memory task per-
formance in relatives of individuals with schizophrenia (Callicott et
al. 2003; Thermenos et al. 2004; Whyte et al. in press). Moreover,
this increased deep encoding-related activity in bilateral PFC was
primarily seen in schizophrenia subjects who performed poorly,
which suggests that the increased activity seen in frontal cortex is
pathological.

Contrary to this hypothesis, however, high-performing siblings
in this study (M � .87) showed larger encoding-related differences
in activity than lower-performing siblings (M � .75). Furthermore,
correlations between encoding task performance and cortical activ-
ity in the three regions showing between-group differences dem-
onstrated that activity in right IFG (BA 47) was significantly posi-
tively correlated with deep encoding task performance in SIBs. Our
results suggest that the additional activity seen in bilateral PFC in
SIBs might represent a compensatory mechanism associated with
better task performance, although the reduced amount of variance
in the encoding performance data renders any conclusions prelim-
inary at best, and nonsignificant results should be interpreted
cautiously. Indeed, cortical activity in the two left IFG regions
activated by SIBs (BA 44 & 47) has previously been associated with
successful encoding and semantic processing in healthy control
participants (McDermott et al. 2003; Otten et al. 2001). As such,
greater activation of this region in SIBs might reflect either greater
effort devoted to semantic processing or less efficient activation of
this region. The role that the homologous right BA 45/47 plays is
less clear. There is some indication from the lesion literature that
activity in right PFC regions might be compensatory in the event of
left-lateralized PFC damage (Blasi et al. 2002). It is intriguing to
speculate that genetic predisposition to schizophrenia might cause

left PFC dysfunction, thereby necessitating the recruitment of right
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FC to accomplish cognitive tasks involving semantic processing or
ther aspects of language processing.

In summary, the results of the current study indicate that SIBs
how significantly better recognition for deeply encoded rather than
hallowly encoded words and activate typical semantic processing
egions while engaging in deep verbal encoding. Additionally, SIBs,
ike their ill relatives, activated a wider set of PFC brain regions
uring deep verbal encoding not typically activated by healthy
ubjects. Taken together, our results suggest that alterations in
ask-related functional brain activation during verbal memory en-
oding represent a potential endophenotype marker of genetic
iability for schizophrenia. Future work in this area should examine
he degree to which severity of episodic memory deficits and
ssociated functional brain activation disturbances predict the sub-
equent development of psychotic symptoms. It will also be impor-
ant to investigate the relationship between functional brain activity
eficits and abnormalities of brain structure, both in individuals with
chizophrenia and their first-degree relatives.

This work was supported by National Institute of Mental
ealth grants MH60887 and MH56584 as well as the Conte
enter for the Neuroscience of Mental Disorders (MH071616).

arch DM, Braver TS, Akbudak E, Conturo T, Ollinger J, Snyder AV (2001):
Anterior cingulate cortex and response conflict: Effects of response mo-
dality and processing domain. Cereb Cortex 11:837– 848.

arch DM, Csernansky J, Conturo T, Snyder AZ, Ollinger J (2002): Working
and long-term memory deficits in schizophrenia. Is there a common
underlying prefrontal mechanism? J Abnorm Psychol 111:478 – 494.

lasi V, Young AC, Tansy AP, Petersen SE, Snyder AZ, Corbetta M (2002):
Word retrieval learning modulates right frontal cortex in patients with
left frontal damage. Neuron 36:159 –170.

onner-Jackson A, Haut KM, Csernansky JG, Barch DM (2005): The influence
of encoding strategy on episodic memory and cortical activity in schizo-
phrenia. Biol Psychiatry 58:47–55.

raver TS, Barch DM, Kelley WM, et al. (2001): Direct comparison of prefrontal
cortex regions engaged by working and long-term memory tasks. Neu-
roImage 14:48 –59.

rebion G, Amador X, Smith MJ, Gorman JM (1997): Mechanisms underlying
memory impairment in schizophrenia. Psychol Med 27:383–393.

uckner RL, Wheeler M, Sheridan M (2001): Encoding processes during
retrieval tasks. J Cogn Neurosci 13:406 – 415.

allicott JH, Egan MF, Mattay VS, Bertolino A, Bone AD, Verchinksi B, Wein-
berger DR (2003): Abnormal fMRI response of the dorsolateral prefrontal
cortex in cognitive intact siblings of patients with schizophrenia. Am
J Psychiatry 160:709 –719.

annon TD, Zorrilla LE, Shtasel D, Gur RE, Gur RC, Marco EJ, et al. (1994):
Neuropsychological functioning in siblings discordant for schizophrenia
and healthy volunteers. Arch Gen Psychiatry 51:651– 661.

asasanto DJ, Killgore WDS, Maldjian JA, Glosser G, Alsop DC, Cooke AM,
et al. (2002): Neural correlates of successful and unsuccessful verbal
memory encoding. Brain Lang 80:287–295.

irillo MA, Seidman LJ (2003): Verbal declarative memory dysfunction in
schizophrenia: From clinical assessment to genetics and brain mecha-
nisms. Neuropsychol Rev 13:43–77.

onturo TE, McKinstry RC, Akbudak E, Snyder AZ, Yang T, Raichle ME (1996):
Sensitivity optimization and experimental design in functional magnetic
resonance imaging. Soc for Neurosci Abstracts 26:7.

raik FIM, Lockhart RS (1972): Levels of processing: A framework for memory
research. J Verbal Learning Verbal Behav 11:671– 684.

raik FIM, Tulving E (1975): Depth of processing and the retention of words
in episodic memory. J Exp Psychol Gen 104:268 –294.

respo-Facorro B, Paradiso S, Andreasen NC, O’Leary DS, Watkins GL, Boles
Ponto LL, Hichwa RD (1999): Recalling word lists reveals “cognitive dys-
metria” in schizophrenia: A positron emission tomography study. Am
J Psychiatry 156:386 –392.

elawalla Z, Barch DM, Fisher Eastep JL, Thomason ES, Hanewinkel MJ,
Thompson PA, Csernansky JG (2006): Factors mediating cognitive defi-
cits and psychopathology among siblings of individuals with schizo-

phrenia. Schizophr Bull 32:525–537.

ww.sobp.org/journal
Fletcher PC, Stephenson CME, Carpenter TA, Donovan T, Bullmore ET (2003): Re-
gional brain activations predicting subsequent memory success: An event-re-
lated fMRI study of the influence of encoding tasks. Cortex 39:1009–1026.

Goldberg TE, Ragland D, Torrey EF, Gold JM, Bigelow LB, Weinberger DR
(1990): Neuropsychological assessment of monozygotic twins discor-
dant for schizophrenia. Arch Gen Psychiatry 47:1066 –1072.

Gottesman II (1991): Schizophrenia Genesis: The Origins of Madness. New
York: Freeman.

Heckers S, Rauch SL, Goff D, Savage CR, Schacter DL, Fischman AJ, Alpert NM
(1998): Impaired recruitment of the hippocampus during conscious rec-
ollection in schizophrenia. Nat Neurosci 1:318 –323.

Hoff AL, Svetina C, Maurizio AM, Crow TJ, Spokes K, DeLisi LE (2005): Familial
cognitive deficits in schizophrenia. Am J Med Genet B Neuropsychiatr
Genet 133B:43– 49.

Hughes C, Kumari V, Das M, Zachariah E, Ettinger U, Sumich A, Sharma T
(2005): Cognitive functioning in siblings discordant for schizophrenia.
Acta Psychiatr Scand 11:185–192.

Jessen F, Scheef L, Germeshausen L, Tawo Y, Kockler M, Kuhn KU, et al. (2003):
Reduced hippocampal activation during encoding and recognition of
words in schizophrenia patients. Am J Psychiatry 160:1305–1312.

Kapur S, Craik FIM, Tulving E, Wilson AA, Houle S, Brown GM (1994): Neuro-
anatomical correlates of encoding in episodic memory: Levels of pro-
cessing effect. Proc Natl Acad Sci U S A 91:2008 –2011.

Keefe RS, Lees-Roitman S, Harvey PD, Blum C, DuPre R, Davidson M (1994):
Performance of nonpsychotic relatives of schizophrenic patients in cog-
nitive tests. Psychiatry Res 53:1–12.

Kelley WM, Miezin FM, McDermott KB, Buckner RL, Raichle ME, Cohen NJ,
et al. (1998): Hemispheric specialization in human dorsal frontal cor-
tex and medial temporal lobe for verbal and nonverbal memory
encoding. Neuron 20:927–936.

Krabbendam L, Marcelis M, Delespaul P, Jolles J, van Os J (2001): Single or
multiple familial cognitive risk factors in schizophrenia? Am J Med Genet
105:183–188.

Kremen WS, Seidman LJ, Pepple JR, Lyons MJ, Tsuang MT, Faraone SV (1994):
Neuropsychological risk indicators for schizophrenia: A review of family
studies. Schizophr Bull 20:103–119.

Larsen SF, Fromholt P (1976): Mnemonic organization and free recall in
schizophrenia. J Abnorm Psychol 85:61– 65.

Logan JM, Sanders AL, Snyder AZ, Morris JC, Buckner RL (2002): Under-
recruitment and nonselective recruitment: Dissociable neural mecha-
nisms associated with aging. Neuron 33:827– 840.

Lyons MJ, Toomey R, Seidman LJ, Kremen WS, Faraone SV, Tsuang MT (1995):
Verbal learning and memory in relatives of schizophrenics: Preliminary
findings. Biol Psychiatry 37:750 –753.

McDermott KB, Buckner RL, Petersen SE, Kelley WM, Sanders AL (1999): Set-
and code-specific activation in the frontal cortex: An fMRI study of en-
coding and retrieval of faces and words. J Cogn Neurosci 11:631– 640.

McDermott KB, Petersen SE, Watson JM, Ojemann JG (2003): A procedure for
identifying regions preferentially activated by attention to semantic and
phonological relations using functional magnetic resonance imaging.
Neuropsychologia 41:293–303.

Miller TJ, McGlashan TH, Woods SW, Stein K, Driesen N, Corcoran CM, et al.
(1999): Symptom assessment in schizophrenic prodromal states. Psychi-
atric Q 70:273–287.

Ojemann J, Akbudak E, Snyder A, McKinstry R, Raichle M, Conturo T (1997):
Anatomic localization and quantitative analysis of gradient refocused
echo-planar fMRI susceptibility artifacts. Neuroimage 6:156 –167.

Otten LJ, Henson RNA, Rugg MD (2001): Depth of processing effects on
neural correlates of memory encoding. Brain 124:399 – 412.

Otten LJ, Rugg MD (2001): Task-dependency of the neural correlates of
episodic encoding as measured by fMRI. Cereb Cortex 11:1150 –1160.

Ragland JD, Gur RC, Valdez J, Loughead J, Elliott M, Kohler C, et al. (2005):
Levels-of-processing effect on frontotemporal function in schizophrenia
during word encoding and recognition. Am J Psychiatry 162:1840 –1848.

Ragland JD, Gur RC, Valdez J, Turetsky BI, Elliott M, Kohler C, et al. (2004):
Event-related fMRI of frontotemporal activity during word encoding and
recognition in schizophrenia. Am J Psychiatry 161:1004 –1015.

Ragland JD, Moelter ST, McGrath C, Hill SK, Gur RE, Bilker WB, et al. (2003):
Levels-of-processing effect on word recognition in schizophrenia. Biol
Psychiatry 54:1154 –1161.

Schubert EW, McNeil TF (2005): Neuropsychological impairment and its
neurological correlates in adult offspring with heightened risk for

schizophrenia and affective psychosis. Am J Psychiatry 162:758 –766.



S

S

S

S

S

S

T

T

A. Bonner-Jackson et al. BIOL PSYCHIATRY 2007;61:1141–1147 1147
eidman LJ, Thermenos HW, Poldrack RA, Peace NK, Koch JK, Faraone SV,
Tsuang MT (2006): Altered brain activation in dorsolateral prefrontal
cortex in adolescents and young adults at genetic risk for schizophrenia:
An fMRI study of working memory. Schizophr Res 85:58 –72.

itskoorn MM, Aleman A, Ebisch SJH, Appels MCM, Kahn RS (2004): Cogni-
tive deficits in relatives of patients with schizophrenia: A meta-analysis.
Schizophr Res 71:285–295.

nitz BE, MacDonald A, Carter CS (2006): Cognitive deficits in unaffected
first-degree relatives of schizophrenia patients: A meta-analytic review
of putative endophenotypes. Schizophr Bull 32:179 –194.

pitzer RL, Williams JB, Gibbon M, First MB (1990): Structured Clinical Inter-
view for DSM-III-R—Patient Edition (SCID-P, version 1.0). Washington, DC:
American Psychiatric Press.

ponheim SR, Steele VR, McGuire KA (2004): Verbal memory processes in
schizophrenia patients and biological relatives of schizophrenia pa-
tients: Intact implicit memory, impaired explicit recollection. Schizophr
Res 71:339 –348.

tratta P, Daneluzzo E, Mattei P, Bustini M, Casacchia M, Rossi A (1997): No
deficit in Wisconsin card sorting test performance of schizophrenic pa-
tients’ first-degree relatives. Schizophr Res 26:147–151.

alairach J, Tournoux P (1988): Co-Planar Stereotaxic Atlas of the Human
Brain. New York: Thieme.
hermenos HW, Seidman LJ, Breiter H, Goldstein JM, Goodman JM, Poldrack
R, et al. (2004): Functional magnetic resonance imaging during auditory
verbal working memory in nonpsychotic relatives of persons with
schizophrenia: A pilot study. Biol Psychiatry 55:490 –500.

Toulopoulou T, Morris RG, Rabe-Hesketh S, Murray RM (2003a): Selectivity of
verbal memory deficit in schizophrenic patients and their relatives. Am
J Med Genet B Neuropsychiatr Genet 116B:1–7.

Toulopoulou T, Rabe-Hesketh S, King H, Murray RM, Morris RG (2003b):
Episodic memory in schizophrenic patients and their relatives. Schizophr
Res 63:261–271.

Traupmann KL (1980): Encoding processes and memory for categorically
related words by schizophrenic patients. J Abnorm Psychol 89:704 –716.

Tsuang MT, Gilbertson MW, Faraone SV (1991): The genetics of schizophre-
nia: Current knowledge and future directions. Schizophr Res 4:157–171.

Tsuang MT, Stone WS, Faraone SV (1999): Schizophrenia: A review of genetic
studies. Harv Rev Psychiatry 7:185–207.

Wagner AD, Schacter D, Rotte M, Koutstaal W, Maril A, Dale AM, et al. (1998):
Building memories: Remembering and forgetting of verbal experiences
as predicted by brain activity. Science 281:1188 –1191.

Weiss AP, Schacter DL, Goff DC, Rauch SL, Alpert NM, Fischman AJ, Heckers S.
2003): Impaired hippocampal recruitment during normal modulation of
memory performance in schizophrenia. Biol Psychiatry 53:48 –55.

Whyte M-C, Whalley HC, Simonotto E, Flett S, Shillcock R, Marshall I, et al.
(2006): Event-related fMRI of word classification and successful word

recognition in subjects at genetically enhanced risk of schizophrenia.
Psychol Med 36:1427–1439.

www.sobp.org/journal


	Levels-of-Processing Effects in First-Degree Relatives of Individuals with Schizophrenia
	Methods and Materials
	Participants
	Tasks and Materials
	Scanning
	Data Analysis
	Functional Magnetic Resonance Imaging Data
	Behavioral Data


	Results
	Behavioral Data
	Encoding Performance
	Recognition Performance
	Neuropsychological Measures
	Neuroimaging Data


	Discussion
	Acknowledgement
	Reference


