
Brain activation patterns during visual episodic memory
processing among first-degree relatives of schizophrenia
subjects

Erin R. Stolz, BS1, Krishna Pancholi, MS2, Dhruman Goradia, MS3, Sarah Paul, BS4,
Matcheri S. Keshavan, MD5, Vishwajit Nimgaonkar, MD, PhD2, and Konasale Prasad, MD2,*

1Pennsylvania State University, State College, PA 16801
2University of Pittsburgh School of Medicine, Pittsburgh, PA 15213
3Wayne State University School of Medicine, Detroit, MI 48202
4Duquesne University, Pittsburgh PA 15219
5Harvard Medical School, Boston, MA 02215

Abstract
Episodic memory deficits are proposed as a potential intermediate phenotype of schizophrenia.
We examined deficits in visual episodic memory and associated brain activation differences
among early course schizophrenia (n=22), first-degree relatives (n=16) and healthy controls
without personal or family history of psychotic disorders (n=28).

Study participants underwent functional magnetic resonance imaging on a 3T scanner while
performing visual episodic memory encoding and retrieval task. We examined in-scanner
behavioral performance evaluating response time and accuracy of performance. Whole-brain
BOLD response differences were analyzed using SPM5 correcting for multiple comparisons.

There was an incremental increase in response time among the study groups (Healthy
Controls<First-degree relatives<Schizophrenia) with no differences in accuracy for encoding.
Response time for retrieval was significantly increased in schizophrenia subjects compared to
healthy controls with no difference in accuracy. Although there were no significant differences in
BOLD responses for the encoding task, we noted increased BOLD response to retrieval in the
prefrontal regions (Brodmann areas 9 and 8), thalamus and insula among the schizophrenia
subjects compared to healthy controls, and the first-degree relatives.

Familial risk for schizophrenia may be associated with qualitatively similar but quantitatively
milder abnormalities in visual episodic memory retrieval but not for encoding in the prefrontal
cortex and thalamus.
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1. BACKGROUND
Cognitive deficits are observed in nearly 80% of schizophrenia subjects (Goldstein, 1990;
Holthausen et al., 2002; Palmer et al., 1997). Even those performing within the normal range
show evidence of decline from premorbid level of cognitive functioning (Joyce and Roiser,
2007) suggesting that cognitive deficits are related to the primary disease process (Goldberg
et al., 1990) and may be a core feature of schizophrenia (Elvevag and Goldberg, 2000). They
often appear before the emergence of psychotic symptoms (Cannon et al., 1994), limit long-
term functional outcome (Green, 1996), and are minimally responsive to antipsychotics
(Meltzer and McGurk, 1999). Specifically, deficits in working memory, episodic memory
and executive control are the most pronounced cognitive impairments in schizophrenia
(Joyce and Roiser, 2007; Reichenberg and Harvey, 2007). Further, schizophrenia subjects
manifest pronounced episodic memory deficits that cannot be explained by demographic or
clinical variables (Aleman et al., 1999). Genetic underpinnings of episodic memory deficits
are suggested by the presence of impaired episodic memory in unaffected first-degree
relatives at elevated risk for developing schizophrenia (Keefe et al., 1994) (Reichenberg et
al., 2000). Determining the neural correlates of memory impairments in schizophrenia is
essential to elucidate the neurobiology and genetic risk for schizophrenia (Reichenberg and
Harvey, 2007) that may lead to the development of novel therapeutic agents.

While the neural mechanisms underlying impaired episodic memory in schizophrenia
remain uncertain (Weiss and Heckers, 2001), most studies have implicated dysfunction in
the prefrontal cortex (PFC) and medial temporal lobe (MTL) structures such as the
hippocampus and the parahippocampal gyrus (Scoville and Milner, 1957). However,
episodic memory dysfunction in schizophrenia is characteristically different from that
observed following injury or ablation of MTL structures by the absence of amnesia (Gold et
al., 1992; Paulsen et al., 1995) and other behavioral deficits. Within the MTL, the
hippocampus may reinforce newly encoded information by binding it with associations
during encoding (Achim and Lepage, 2005b; Vandenberghe et al., 1996) and may be
responsible for consciously recalling during retrieval (Yonelinas and Levy, 2002).
Functional imaging studies have found abnormal hippocampal activation in schizophrenia
during episodic memory encoding and retrieval (Heckers et al., 1998; Jessen et al., 2003;
Weiss and Heckers, 2001) that may be affected by specific genetic variations (Goldberg et
al., 2006).

Difficulty in spontaneous organization of information, a component of memory function
dependent on the frontal lobes, has long been hypothesized to play a critical role in memory
dysfunction in schizophrenia (Achim and Lepage, 2005a; Ragland et al., 2009). Lesion
studies of PFC closely resemble episodic memory deficits much like those experienced by
schizophrenia subjects. For example, individuals with schizophrenia do not self-initiate
semantic clustering (Achim and Lepage, 2005b; Gold et al., 1992; Paulsen et al., 1995) but
greatly improve when encoding strategies are provided (Brebion et al., 1997; Heckers,
2001). Both decreased and increased blood oxygenation level dependent (BOLD) response,
compared to healthy subjects, has been observed in the PFC during encoding and retrieval
(Hofer et al., 2003; Weiss et al., 2003).

While genetic factors have been implicated in the risk for schizophrenia (Gottesman and
Shields, 1966), specific genetic variations are yet to be identified. Endophenotypes can be
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helpful in identifying the genetic factors of complex psychiatric diseases (Gottesman and
Gould, 2003). Thus, neural correlates of selected neuropsychological impairments in
specific domains that are consistently demonstrated can be helpful endophenotypes (Braff et
al., 2007). Earlier studies have shown such deficits in working memory, episodic memory
and executive control (Joyce and Roiser, 2007; Reichenberg and Harvey, 2007). Within the
episodic memory, both verbal and visual episodic memory are impaired in schizophrenia
(Snitz et al., 2006). Verbal episodic memory deficits are observed in high-risk relatives,
while the presence of visual episodic memory impairments in high-risk populations remains
inconsistent (Skelley et al., 2008), possibly because visual episodic memory has been less
well investigated in unaffected first-degree relatives of schizophrenia subjects (Seidman et
al., 2003).

The present study investigated neural correlates of visual episodic memory in individuals
with schizophrenia and first-degree relatives of schizophrenia in comparison with healthy
controls. It was hypothesized that episodic memory performance would be impaired in
subjects with schizophrenia compared to healthy controls. The performance of first-degree
relatives of schizophrenia was predicted to be intermediate to that of schizophrenia and
healthy controls. In addition, we hypothesized that the BOLD responses to the visual
episodic memory tasks would be decreased in schizophrenia subjects compared to healthy
controls in the hippocampal and parahippocampal regions during encoding, and in the PFC
during retrieval. First-degree relatives were predicted to show intermediate activation
between schizophrenia and healthy controls during both encoding and retrieval in the
regions mentioned.

2. METHODS
2.1. Clinical Evaluations

We recruited 82 subjects between 18 and 50 years of age. Subjects were administered the
Structured Clinical Interview for DSM-IV (SCID) (First, 1997) for diagnosis and
Hollingshead Index for parental socioeconomic status (SES) (Hollingshead, 1975). A
consensus diagnosis of schizophrenia or schizoaffective disorder was assigned by senior
diagnosticians after pooling the SCID data, clinical observations from the professionals who
provided direct care and a review of medical records. First-degree relatives were required to
have at least one parent or sibling with schizophrenia or schizoaffective disorder per DSM-
IV. Significant substance use was an exclusion criterion as were the presence of mental
retardation, medical or neurological illness (e.g. epilepsy, history of encephalitis or
meningitis), and head injury with significant loss of consciousness.

2.2. Imaging procedures
We, first, obtained structural MRI on Siemens 3T Tim Trio system using the MPRAGE
sequence to co-register fMRI data, and to overlay the BOLD responses and identify regions
of activation. After obtaining sagittal scout images, high-resolution axial slices were
acquired along the anterior commissure-posterior commissure (AC-PC) plane. Scanning
parameters were: TE 3.52 ms, TR 2300 ms, flip angle 9, thickness 0.8 mm, and number of
slices 192.

In the same scanning session, subjects performed an episodic memory encoding and
retrieval task and whole-brain BOLD responses were collected using gradient-echo echo-
planar imaging (EPI). Scanning parameters for the fMRI were: TE=31 ms, TR=2000ms, 36
axial/oblique slices of 4 mm thickness, FOV 240 mm, flip angle 80° and matrix size=64×64.

The paradigm consisted of 4 blocks each of encoding and retrieval, and 9 blocks of rest
(Hariri et al., 2003). Task performance data (accuracy and response time) were collected for
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both encoding and retrieval to examine in-scanner cognitive performance. Encoding blocks
were shown first, followed by the retrieval blocks. The blocks started with 2s instruction
followed by 6 stimuli of 3s each and then by 20s of rest. Stimuli consisted of indoor/outdoor
emotionally neutral pictures from the International Affective Picture System (IAPS)
collection (Lang and Ohman, 1988). During encoding, subjects were asked to identify if the
pictures were indoor or outdoor. Accuracy of encoding was correct identification of indoor/
outdoor context of picture and the response time was calculated as the duration between the
stimulus presentation and button press response identifying indoor/outdoor context of the
pictures. During retrieval, the subjects identified if the picture was new or was shown in one
of the encoding blocks. Each retrieval block consisted of 3 new pictures and 3 pictures from
the encoding block. Similar to encoding, accuracy and response times were correct
identification of new/old and the time from stimulus presentation to button press response,
respectively. These blocks were presented randomly. Each picture in retrieval was shown
only once. Subjects viewed the task through a rear projection system and responded through
the Fiber Optic Button Response System (http://www.pstnet.com/products/BrainLogics/).

2.3. Image processing, Quality Control and Plan of Analysis
Functional MRI data was analyzed using the SPM5 (http://www.fil.ion.ucl.ac.uk/spm/
software/spm5/). Images were realigned and normalized to a standard EPI template and
smoothed with 8×8×8 Gaussian kernel. Scans with motion artefacts, magnetic field
inhomogeneity, incomplete coverage of brain (n=16) were not included in the analysis.
Thus, the final sample with good quality fMRI data consisted of 66 subjects (schizophrenia,
n=22; first-degree relatives, n=16; healthy controls, n=28).

Full-factorial random effects model was implemented within SPM5 including age, sex and
SES as covariates. Intensity and extent threshold significance were determined a priori for
whole-brain analysis after running 10,000 Monte Carlo simulations on AlphaSim (Ward,
2000) with a minimum voxel-wise threshold set to p<0.005. The simulation showed that an
extent threshold of 93 contiguous voxels provided a corrected significance of p=0.048. Task
performance data were analyzed using t tests for response time and the Kruskal-Wallis test
for accuracy. Percentage BOLD signal changes were extracted from the regional masks of
Brodmann areas (BA) defined by the WFU PickAtlas program (Maldjian et al., 2003) that
contained the peak intensity voxel. These values were examined using ANOVA using SPSS
18.

3. RESULTS
3.1. Demographic and clinical characteristics

Study groups differed in age (ANOVA, F (2, 65)=2.69, p=0.08). Posthoc tests t-tests showed
that the first-degree relatives were younger (22.96±5.10 years) than schizophrenia subjects
(28.35±8.76 years; t=2.38, p=0.023) and healthy controls (26.92±6.91 years; t=1.99,
p=0.052). Schizophrenia subjects and controls did not differ in age (t=0.65, p=0.52). Gender
distribution did not differ across the study groups (SZ, M=11, F=11; HR, M=6, F=10; HC,
M=9, F=19, χ2=1.68, df=3, p=0.43). Parental SES differed across the study groups (F(2,
65)=11.65, p=0.00005). Post hoc t-tests found that the healthy controls had higher parental
SES than subjects with schizophrenia (t=4.67, p=0.00002) and first-degree relatives (t= 3.53,
p=0.001). Schizophrenia subjects and first-degree relatives did not differ in SES (t=0.19,
p=0.85).

Mean age at onset of first psychotic symptom was 24.07±8.08 years. Mean duration of
illness of schizophrenia subjects from the onset of first psychotic symptom was 4.28±3.53
years. Total PANSS score at the time of cognitive testing and scanning was 50.09±37.04
(mean PANSS negative symptoms scores 14.59±10.68; positive symptoms 11.36±8.82)
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among cases. All subjects were on stable doses of either second or first generation
antipsychotics. Of the 22 patients, 7 were diagnosed with schizoaffective disorder and 15
with schizophrenia.

3.2. Episodic Memory Task Performance
During encoding, there was a progressive increase in response time for indoor/outdoor
judgments across the study groups (Healthy Controls<First-degree relatives<Schizophrenia)
(Fig 1). Healthy controls completed the task with shortest response time (954.77±106.78
ms), followed by the first-degree relatives (1044.76±134.94 ms) (F=11.72, df=2, 58;
p=0.0001) and then by subjects with schizophrenia (1164.87±184.07 ms). Post-hoc between-
group comparisons revealed that each of these groups were significantly different in
response time (Healthy controls vs Schizophrenia, F(1, 43)=22.65, p<0.001; First-degree
relatives vs Schizophrenia, F(1, 33)=4.47, p=0.04; Healthy controls vs First-degree relatives,
F(1, 39)=5.46, p=0.02).

We noted a trend for differences in response time to old/new judgments during retrieval
(Healthy Controls, 1176.94±181.47 ms; First-degree relatives, 1200.81±137.98 ms;
Schizophrenia, 1289.20±180.59 ms) (F=2.43, df=2, 58; p=0.098). Post-hoc between-group
comparisons revealed the differences in retrieval time was significant between schizophrenia
subjects and healthy controls (F(1, 43)=4.14, p=0.048) but not between first-degree relatives
and schizophrenia (F(1, 33)=2.46, p=0.13) or healthy controls and first-degree relatives (F(1,
39)=0.19, p=0.27). Further, partial correlations controlling for age and SES revealed that the
encoding and retrieval response times were positively correlated in schizophrenia (r=0.58,
p=0.019) and healthy subjects (r=0.54, p=0.007) but not in first-degree relatives (r=0.45,
p=0.14) (Supplemental figures).

There were no significant differences in accuracy for either encoding or retrieval
components of the task across the study groups.

3.3. BOLD response differences
3.3.1. Main effect of study group and the task—Task main effect was noted in the
middle and medial frontal gyri (BA 10), superior parietal lobule (BA 7), precuneus and the
precentral gyrus (BA 6). Post hoc tests revealed main effects of encoding in the medial
frontal gyrus (BA 10), cuneus (BA 19) and precentral gyrus (BA 6). Main effects of retrieval
were noted in the BA 10, ventral posterior cingulate gyrus (BA 23), precuneus (BA 7) and
precentral gyrus (BA 6). Group main effect was observed in the lingual gyrus (BA 18),
parahippocampal gyrus, putamen, dorsal posterior cingulate cortex (BA 31), supramarginal
gyrus (BA 40), insula (BA 13), superior parietal lobule (BA 7) and the declive of
cerebellum.

3.3.2. Encoding—There were no significant group differences in BOLD response during
encoding although there was main effect of encoding in BA 10, 19 and 6.

3.3.3. Retrieval
3.3.3.1. Schizophrenia subjects compared to healthy controls: Schizophrenia subjects
displayed increased BOLD response compared to healthy controls in the right middle frontal
gyrus (BA 8 and 9), the left precentral gyrus (BA 6), bilateral thalami (left thalamic pulvinar
region and the left ventral posterior lateral thalamus, and the right posterior lateral thalamus)
and bilateral insula (BA 13) (Fig 2). Percentage BOLD signal changes extracted using the
masks that encompassed the above Brodmann areas showed significant increase in BOLD
signals in all of the above mentioned regions (Table 1). Fig 3 shows the percent BOLD
signal changes for the prefrontal regions that included BA 8, 9 and 6. Schizophrenia subjects
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did not show any regions with decreased BOLD responses to retrieval compared to healthy
subjects.

3.3.3.2. Schizophrenia subjects compared to first-degree relatives: During retrieval,
subjects with schizophrenia displayed increased BOLD response compared to the first-
degree relatives in the right superior frontal gyrus (BA 8, 9 and 6), the right insula (BA 13),
the right thalamus, and the right precentral and postcentral gyri (BA 43 and 6) (Table 1) (Fig
4). Correlation between response time for retrieval and BOLD signal changes in BA 8, 9 and
6 was not significant after controlling for age and SES (r=On reversing the contrast, we did
not note decreased BOLD responses in any brain region.

3.3.3.3. First-degree relatives compared to Healthy Controls: First-degree relatives had
increased BOLD response compared to healthy controls in left inferior parietal lobule (BA
40) and left cuneus (BA 19). There was a trend for first-degree relatives to show increased
BOLD responses in the prefrontal region (p=0.057). First-degree relatives did not show
BOLD response differences in the medial temporal regions nor were there any regions with
decreased BOLD signals.

4. DISCUSSION
We examined the neural correlates of visual episodic memory encoding and retrieval in a
well-characterized cohort of early course schizophrenia subjects, first-degree relatives and
healthy subjects. Our main findings were increased prefrontal (BA 8 and 9), thalamic and
insular (BA 13) BOLD responses to visual episodic memory retrieval in schizophrenia
subjects compared to healthy subjects and first-degree relatives. Increased BOLD responses
in schizophrenia subjects compared to healthy controls were in conjunction with increased
response time for retrieval. However, increased BOLD responses in schizophrenia subjects
compared to first-degree relatives were associated with non-significantly prolonged response
time for retrieval. First degree-relatives showed increased BOLD response in the inferior
parietal lobule and a trend toward increased BOLD signals in the prefrontal region compared
to healthy controls during retrieval with no differences in response time. During encoding,
we did not observe group differences in BOLD responses although there was a progressive
increase in response time across groups (Healthy Controls<First-degree
relatives<Schizophrenia) and main effect of encoding in BA 10, 6 and 19. These
observations are consistent with some of the previous studies and reveal the complex nature
of visual episodic memory and its relationship with familial risk for schizophrenia.

Contrary to our hypothesis, increased activation was observed during episodic memory
retrieval in schizophrenia subjects compared to healthy controls and first-degree relatives in
the prefrontal regions (BA 9 and 8) as opposed to hypothesized decrease in these regions.
Majority of studies have reported decreased BOLD responses in the prefrontal regions
although increased BOLD response has been noted in six studies included in a recent meta-
analysis (Ragland et al., 2009). Increased BOLD response in the presence of increased
response time with no change in accuracy suggests an increased effort in the prefrontal
regions engaged in processing the cognitive challenge. For example, BA 9 may be involved
in the retrieval as well as post-retrieval monitoring as it allows one to consider retrieved
information in conjunction with task instructions to determine if the recovered material is
pertinent to the task at hand (Achim and Lepage, 2005b). Thus, in addition to retrieval, BA 9
may be involved more intricately with the organization of task instructions juxtaposed with
recovered material, which assists in achieving the correct behavioral response (Henson et al.,
2005; Henson et al., 2000; Maguire et al., 2001; Rugg et al., 2003; Shallice and Burgess,
1996). Hence, increased BOLD response may be secondary to enhanced post-retrieval
monitoring.
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In addition, increased dorsolateral PFC (DLPFC) activation is linked to more effortful post-
retrieval monitoring where subjects are less confident in their recalled memories (Henson et
al., 1999a) as task “difficulty” increases (Buckner et al., 1999; Buckner et al., 1998). Lower
confidence in a response increases post-retrieval monitoring and activation (Henson et al.,
1999a). Using a similar paradigm to the present study, elevated DLPFC activation was
associated with lower level of confidence, perhaps requiring greater level of post-retrieval
monitoring in order to meet the requirements of the instructions (Buckner et al., 1998;
Henson et al., 1999a). Similarly, in the present study, increased BA 9 activity among
schizophrenia subjects compared to healthy controls and first-degree relatives may suggest
that schizophrenia subjects required a greater level of post-retrieval monitoring leading to
recruitment of more resources to achieve similar degree of accuracy on retrieval. This may
be a result of schizophrenia subjects being less certain of their “old” image judgments,
which would require schizophrenia subjects to consider retrieved images more rigorously
than the first-degree relatives and healthy subjects.

The disparate mix of hyper-(Hofer et al., 2003) and hypo-(Ragland et al., 2009) frontality
found in schizophrenia during episodic memory tasks may be elucidated through the
Monoach (2003) cortical inefficiency model for working memory (WM) deficits in
schizophrenia. Studies on WM in schizophrenia have predominantly observed prefrontal
hypoactivation in schizophrenia subjects (Weinberger et al., 1992) compared to healthy
controls while a few have shown hyperactivation (Callicott et al., 2003; Manoach et al.,
2000; Manoach et al., 1999). Manoach (2003) posits that low task demand is associated with
increased prefrontal activation in schizophrenia subjects compared to healthy controls
because the task is within the ability of schizophrenia subjects but is more resource-
intensive. Hypofrontality may occur in schizophrenia groups with high task demand
possibly secondary to reduced availability of resources leading to schizophrenia subjects not
participating in the task marking the decline in performance and DLPFC hypoactivation.
Healthy subjects may manage high task demand by increasing the DLPFC activity. This
pattern may reflect reduced cortical efficiency in schizophrenia (Manoach, 2003). In the
present study, non-significant difference in accuracy with slower response times of patients
and first-degree relatives compared to controls during encoding supports such a mechanism.
Similarly, during retrieval the schizophrenia subjects had slower response time than healthy
controls with similar accuracies. Observed increased effort and elevation in PFC BOLD
response in schizophrenia subjects compared to other groups suggests a cortical inefficiency.
Similar phenomenon of capacity-constrained reduction of DLPFC activation is noted in
healthy subjects, too (Callicott et al., 1999).

Increased activation was noted in the insula and the thalamus among schizophrenia subjects
compared to healthy controls and first-degree relatives. Both the insula and thalamus
showed increased activation during accurate retrieval compared to correct rejection of the
new stimuli in an event-related fMRI study (Konishi et al., 2000). It was not feasible to
make such distinctions in our block design. The thalamus plays an integral role in
transmitting and processing a majority of sensorimotor information (Cabeza et al., 2002).
The DLPFC receives projection fibers from the medial dorsal nucleus of thalamus through
the anterior thalamic radiation (Pandya and Yeterian, 1996). Our study showed differences
in activation in the pulvinar and the ventral posterior regions of thalamus. Both
schizophrenia group and the first-degree relatives were activating the prefrontal and
thalamic neural circuitry. Increased thalamic activation may represent an increased effort in
processing of this sensory information (Ragland et al., 2009). Elevated fronto-thalamic
BOLD response suggesting increased fronto-thalamic connectivity observed in
schizophrenia subjects compared to other groups may interfere with cognitive processing
(Schlösser et al., 2003). Fronto-thalamic regions take part in the creation and regulation of
γ-oscillations (Buzsaki, 2006) that are thought to underlie higher order cognition (Herrmann
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et al., 2004). Increased fronto-thalamic connectivity has been associated with altered
synchrony and amplitude of γ-band oscillations. Schizophrenia subjects (Uhlhaas and
Singer, 2010) and first-degree relatives (Hong et al., 2004) have displayed altered
synchronization and amplitude of γ-band oscillations and is hypothesized to underlie
cognitive dysfunction in schizophrenia (Uhlhaas and Singer, 2010). In our study, increased
fronto-thalamic activation in schizophrenia subjects may represent enhanced fronto-thalamic
connectivity and dysfunctional γ-band oscillations that may underlie the observed episodic
memory deficit. Insular activation has been noted in earlier fMRI studies that examined
verbal episodic memory retrieval (Daselaar et al., 2001; McDermott et al., 1999) although
such activation was noted to be more specific for semantic processing (Dalla Barba et al.,
1998). In a recent meta-analysis, insular activation was associated with increasing
familiarity with the stimulus during retrieval (Kim, 2010).

Visual episodic memory has been less well investigated among the first-degree relatives
(Lefebvre et al., 2010; Seidman et al., 2003). In our sample, the first-degree relatives
exhibited an intermediate BOLD response in the prefrontal regions as hypothesized
suggesting that the degree of impairment in episodic memory processing was milder
compared to schizophrenia subjects. However, previous studies suggest that adult unaffected
relatives of individuals with schizophrenia do not have pronounced visual episodic memory
deficits while subjects with schizophrenia do (Maziade et al., 2011; Skelley et al., 2008). A
recent study noted that schizophrenia subjects and their healthy relatives had impaired
verbal episodic memory; however, visual episodic memory impairments were noted in
young offspring of schizophrenia subjects and patients but not in adult unaffected relatives
suggesting different developmental trajectories in those who convert to psychosis compared
to those who do not (Maziade et al., 2011). Our study suggests that the BOLD responses to
visual episodic memory retrieval in adult first-degree relatives were intermediate between
that observed among schizophrenia subjects and healthy controls although no deficits in
accuracy of performance were noted. Interestingly, non-significant correlation of encoding
and retrieval times is perhaps suggestive of greater heterogeneity in first-degree relatives
compared to schizophrenia and healthy subjects in this sample.

We did not notice differences in accuracy of either encoding or retrieval among the groups
consistent with some studies (Henson et al., 1999b). However, subjects took more time to
process the task to provide accurate responses. More effortful processing possibly
contributed by increased post-retrieval monitoring may have resulted in similar task
accuracy across the groups along with increased BOLD responses for retrieval. We did not
notice BOLD response differences for encoding although there was an incremental increase
in response time. One plausible explanation for our observations is that the encoding task
might have been easy, and did not elicit BOLD response differences that reached our
stringent statistical threshold. Further, the ease of encoding may not have elicited neural
responses of sufficient amplitude to evoke cerebral blood flow sufficient to evoke strong
BOLD signals (Sheth et al., 2004). In addition, the tasks might have been relatively easier
reflecting floor effect for this cohort.

We did not observe activations in the MTL structures during encoding although other
studies have reported such observations (Achim and Lepage, 2005b; Ragland et al., 2009).
The hippocampus may be involved in many aspects of memory formation including the role
of binding multiple aspects of a learning opportunity into a cohesive memory (Chalfonte and
Johnson, 1996; Cohen and Eichenbaum, 1991). This may be due to the single-item
recognition paradigm that requires less relational-binding, and less hippocampal activity
compared to associative memory tasks in studies of healthy subjects (Davachi and Wagner,
2002). Since the task may not have required subjects to use relational binding, there was no
opportunity for a difference in the hippocampal area. In addition, it is likely that the
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differences in the amplitude of neural responses while encoding in this cohort may not have
been sufficient to evoke detectable differences in hemodynamic response (Sheth et al.,
2004).

Our study was limited by small sample size. To improve power, we used block design.
Arguably, an event-related design could have been more informative regarding the cognitive
processes that may underlie our observations. We designed the paradigm by incorporating a
minimum time interval between the encoding stimulus and the retrieval stimulus to be
longer than 70 seconds. Since it is known that working memory becomes less reliable after
10 seconds (Peterson and Peterson, 1959), we believe that the BOLD responses may not
have been significantly contaminated by the working memory. Future studies need to
address these issues and also examine the genetic variations that may contribute to the
observed functional differences associated with visual episodic memory.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Mean response time for encoding of visual episodic memory among the study groups
(HC=Healthy control subjects; FDR=First-degree relatives; SZ=Schizophrenia subjects).
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Fig 2.
Schizophrenia subjects showing increased activation compared to healthy control subjects in
the prefrontal (Brodmann areas 9, 8 and 6) regions and thalamus
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Fig 3.
Bold signal changes in subjects with schizophrenia (SZ), first-degree relatives (FDR) and
healthy controls (HC) from a region-of-interest mask that included the Brodmann areas 9, 8
and 6 during visual episodic memory retreival.
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Fig 4.
Schizophrenia subjects showing increased BOLD responses compared to first-degree
relatives in Brodmann areas 9, 8 and 6
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