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Prospective memory (PM) is the ability to remember to carry out an intended action in the
future and it is an important function for everyday living. Studies have found that the neural
basis of PM is located mainly in the prefrontal lobes (particularly in Brodmann Area 10) and
patients with schizophrenia have functional deficits in this area. The present study provided a
meta-analytic review of PM performances in patients with schizophrenia in 11 studies. A total
of 485 patients with schizophrenia and 409 controls were included. Results showed that
patients with schizophrenia exhibited impairments in all time- (d=−1.33), event- (d=
−0.827), and activity-based (d=−0.729) PM, with time-based PM more impaired than
event-based PM. In addition, PM was found to be significantly correlated with negative
symptoms (r=−0.18), general psychopathology (r=−0.168), medication dosage (r=
−0.119), duration of illness (r=−0.131), age (r=−0.23), education (r=0.249), IQ
(r=0.439) and premorbid IQ (r=0.356). It has theoretical and clinical implications.
Theoretically, the results indicate time-based PM involves more initiation than event-based
PM. Clinically, the results indicate patients on high dose of antipsychotic medication and with
long duration of illness need special attention from care givers for PM problems.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia is associated with a wide range of cognitive
dysfunctions (Heinrichs and Zakzanis, 1998) and memory
impairment is one of its core deficits (Aleman et al., 1999; Lee
and Park, 2005; Piskulic et al., 2007). Although in the past
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schizophrenia researchers have focused on the study of
retrospective memory (RM), they have started to examine the
nature and process of another type of memory called prospec-
tivememory (PM),which is the ability to remember to carry out
an intended action in the future (Brandimonte et al., 1996). In
contrast, RM refers to the ability to remember to recall or
recognize past information. The main characteristics of PM
include: (a) a delay between the encoding and carrying out of
the intendedaction; (b) during thedelay onehas to engage in an
ongoing task; and (c) there is no external reminder when the
PM cue for the intended action appears, thus compared to RM
there is more demand on self-initiation (Craik, 1986; Ellis,
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1996). In a typical PM experiment, participants are required to
engage in an ongoing task (e.g., answer general knowledge
questions) andwhen a cue appeared (e.g., theword “police” in a
sentence), participants have to remember to perform an
intended action (e.g., to press a key on a computer keyboard).
In addition, PM can be divided into three types: time-based,
event-based, and activity-based according to the nature of the
cue associated with the future intention. Time-based PM
involves remembering to perform an intention at a specific
time or after a period of time (e.g., remember to meet someone
at 10:00 am). Event-based PM involves remembering to
perform an intention when a cue appears (e.g., remember to
mail a letter when one comes across a post office). Activity-
based PM involves remembering to perform an intention upon
the completionof an activity (e.g., remember to answer an email
after lunch).

The study of PM has its origin in the ageing literature
(Einstein and McDaniel, 1990; Einstein et al., 1992) and has
attracted more and more attention because of its applied
implications. In recent years, quite a number of studies have
been conducted to examine if various clinical populations
(especially those with structural or functional impairment in
the prefrontal lobes) in different types of PM (Bravin et al.,
2000; Brunfaut et al., 2000;Duchek et al., 2006; Fishet al., 2007;
Kliegel et al., 2005; Shumet al., 2003;Woods et al., 2008).While
most studies have used either psychometric tests or experi-
mental tasks to assess PM, a few studies have started to use ERP
and imaging techniques to monitor the activity of the brain
while someone is performing a PM task (Burgess et al., 2003,
2008; West et al., 2007; West, 2008). Despite these develop-
ments, one of the challenges is to identify/isolate the
component(s)/stage(s) these clinical participants are having
problem with (Kliegel et al., 2008).

PM is considered very important for everyday functioning
because most of our daily actions and behaviours rely on our
ability to carry out intended actions at the right moment.
According to Smith et al. (2000), more PM than RM failures
have been reported in daily living in normal older individuals
and dementia patients. Moreover, PM failures could lead to
hazardous consequences, for example, failure to turn off the
oven after cooking could cause afire (Shumet al., 2001). Finally,
in clinical setting, Alzheimer disease patients' PM failures have
been reported to be of more concerns to relatives than RM
failures (Smith et al., 2000).

1.1. Neural basis of PM and its impairment in schizophrenia

Human lesion studies (Burgess et al., 2000; Daum and
Mayes, 2000) and imaging studies (Burgess et al., 2001, 2003;
Okuda et al., 1998, 2007) have consistently found that PM
involves the functionof prefrontal lobes, particularly Brodmann
Area (BA) 10. Prefrontal lobeswere activatedwhenparticipants
perform PM tasks under both event-based and time-based
conditions (Okuda et al., 2007), and in both the cue detection
and intention retrieval stages (Simons et al., 2006). Reynolds
et al. (2009) found that both sustained and transient processes
were needed in PM, and sustained processes involve a network
that includes the anterior prefrontal cortex (lateral BA 10).

Patients with schizophrenia have been reported to have
functional connectivity impairment (Andreasen et al., 1999;
Fletcher et al., 1999; Friston and Frith, 1995; Stephan et al.,
2006), for example, cortical–thalamic–cerebellar–cortical cir-
cuit impairment, prefronto–temporal integration disruptions,
suggesting patients with schizophrenia are impaired in the
frontal lobes, temporal lobes and other areas. Imaging studies in
healthy population found that imagined future events recruited
a network including frontopolar prefrontal cortex and right
hippocampus, bilateralmiddle and inferior frontal gyri, bilateral
fusiform gyrus, etc. (Addis et al., 2007, 2009; Schacter et al.,
2008; Schacter and Addis, 2009). These areas are known to be
affected in schizophrenia patients structurally and functionally.
Based on these findings, it is logical to assume that individuals
with schizophrenia would be impaired on PM (Burgess et al.,
2000; Shum et al., 2001). Understanding the nature and extent
of PM deficits in these patients would offer important
information about their behaviours and give suggestions to
effective management and rehabilitation (Shum et al., 2001).

To date, several empirical studies on PM in schizophrenia
have been published. In general, these studies have found that
schizophrenic patients are impairedononeormore types of PM
(Altgassen et al., 2008; Chan et al., 2008; Elvevag et al., 2003;
Henry et al., 2007; Kumar et al., 2005, 2008; Shum et al., 2004;
Wang et al., 2008a,b). It is suggested that PM might constitute
schizophrenia endophenotype because persons with schizoty-
pal features and nonpsychotic first-degree relatives of patients
with schizophrenia show a selective impairment of PM, but not
verbal and visual memory (Wang et al., 2008b, in press). Also,
PM deficits in schizophrenia are primary rather than secondary
consequences of impairments in working memory, verbal or
visualmemory, or executive function (Henry et al., 2007;Wang
et al., 2008a). All these findings that make clarification of the
nature of PM impairment in schizophrenia are not only
important for its management, but also for disease prevention
in terms of identification of vulnerable individuals and gene
candidates.

However, there are still a number of issues that need to be
clarified; for example, whether time- or event-based PM are
differentially impaired in schizophrenic patients. In previous
studies, some (Henry et al., 2007; Woods et al., 2007) have
found that these two types of PM were impaired to the same
degree, while others (Shum et al., 2004; Ungvari et al., 2008)
have found that time-based PM is significantly more impaired
than event-based PM. Clarifying this issue would have
theoretical implication on whether the time-based PM needs
more self-initiation than the event-based PM. These inconsis-
tent findings might have been complicated by a number of
potentially confounding variables including duration of illness,
medication doses, and clinical symptoms. Unfortunately, the
relationships between PM and clinical manifestations, medica-
tion, duration of illness and demographic variables are not well
understood, The results of previous studies were inconsistent,
for example, some studies found significant relationships
between PM and negative symptoms (Twamley et al., 2008;
Woods et al., 2007) but somedid not (Kumar et al., 2005;Wang
et al., 2008a). Thus, clarifying these relationships is important
for understanding the nature and extent of PM impairment in
these patients. A systematic review addressing these important
issues is, therefore, needed toprogress thisfield of research. The
mainpurposeof thepresent studywas toprovidea quantitative
evaluation of the magnitude and consistency of different types
of PM impairment in patients with schizophrenia and to gauge
if these patients are significantly more impaired on a particular



Table 1
Studies included in meta-analysis.

Studies Sample Diagnostic criteria PM type

Altgassen et al. (2008) 23 patients with chronic schizophrenia and 23 controls ICD-10 Event-based
Chan et al. (2008) 36 patients with chronic schizophrenia, 34 individuals with schizotypal

features, and 28 controls
DSM-IV Time-, event-, and activity-based

Elvevag et al. (2003) 20 patients with chronic schizophrenia (most were incomplete response
to conventional treatments) and 20 controls

DSM-IV Habitual (time-based)

Henry et al. (2007) 30 patients with schizophrenia or schizoaffective disorder and 29 controls DSM-IV Regular, irregular, time check
Kumar et al. (2005) 42 patients with schizophrenia (30 drug free for at least 3 months and

12 drug naïve) and 42 controls
ICD-10 Event-based

Kumar et al. (2008) 42 patients with schizophrenia (30 drug free for at least 3 months and
12 drug naive) and 42 controls

ICD-10 Activity-based

Twamley et al. (2008) 72 outpatients with schizophrenia or schizoaffective disorder, no control
group

DSM-IV Time-, event-based

Ungvari et al. (2008) 110 patients with schizophrenia and 110 controls DSM-IV Time-, event-based
Wang et al. (2008a) 54 patients with schizophrenia and 54 controls DSM-IV Time-, event-, and activity-based
Wang et al. (2008b) 15 schizophrenic patients, 41 individuals with schizotypal features, and

20 controls
DSM-IV Time-, event-, and activity-based

Woods et al. (2007) 41 outpatients with schizophrenia and 41 controls DSM-IV Time-, event-based
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type of PM. It also attempted to identify the degree of
correlations between PM and demographic and clinical vari-
ables. In so doing, aim to tease out whether PM deficits are
mediated by these variables.

2. Method

2.1. Literature search

We used two approaches to identify potentially relevant
articles. First, we searched Elsevier and PsycINFO using the key
words: schizophrenia+prospectivememory; schizophrenia+
prospective remembering; schizophrenia+delayed intention.
Second, we searched the reference list of these articles for
additional papers. The timeperiodof literature searchwas from
1990 (theyear that the commonlyused experimentalparadigm
of PM was developed) to May 1, 2009.

We found 14 empirical study articles (see Table 1) using the
above two approaches. Among them, Kondel (2002) and Ritch
et al. (2003) did not include a control group and did not report
enough data to calculate the effect size. Therefore, they were
not included in the current meta-analysis. Twamley et al.
(2008)didnot includea control groupbut the effect sizeof their
correlation data could be calculated, so this studywas retained.
The time- and event-based PM data in Shum et al. (2004) were
included as part of a larger data set in Ungvari et al. (2008).
Therefore, the Shum et al. data were not used in the meta-
analysis. In total 11 studies were included in the current meta-
analysis and all of them met the following criteria: a) patients
were diagnosed formally using DSM-IV or ICD-10; b) enough
data were reported for computing effect sizes.
Table 2
Results of meta-analysis of PM in patients with schizophrenia.

K N patient group N control group d

Time-based PM 6 276 273 −1.33
Event-based PM 7 321 318 −0.82
Activity-based PM 4 147 144 −0.72
Summary PM score 7 259 255 −1.35

K = number of studies; N = number of participants; d = pooled effect size; CI =
2.2. Meta-analytical procedure

Fordifferences between schizophrenic patients and controls
on PM tasks, we computed effect sizes (Cohen's d) usingmeans
and SDs.When these datawerenot available,weused theeffect
sizes reported in the articles or calculated them based on t- and
F-values and sample sizes using the Comprehensive Meta
Analysis program (Version 2.0). Negative effect sizes reflected
better performance in controls. Time-, event-, activity-based
PM performance and overall/summary PM performance were
analyzed separately.

For the correlations between PM and other variables, we
used the Pearson's correlation coefficient (r) and sample sizes to
calculate the effect sizes using theComprehensiveMetaAnalysis
program (Version 2.0). For the clinical symptom measures, the
positive symptom measures include: positive and negative
syndrome scale (PANSS) positive scale score, brief psychiatric
rating scale (BPRS) positive scale score, and Scale for the Assess-
ment of Positive Symptoms (SAPS) total score; the negative
symptom measures include: PANSS negative scale score, BPRS
negative scale score and Scale for the Assessment of Negative
Symptoms (SANS) total score; the general psychopathology
measure refers to PANSS general psychopathology score. Some
of the correlation coefficients were requested from authors.

3. Results

3.1. Group differences in PM performance

The Q statistics in all conditions were not significant, which
implies that the results of these studies are homogenous.
Heterogeneity

Z p 95% CI Q p

−14.07 b0.001 (−1.515, −1.145) 2.083 0.838
7 −9.99 b0.001 (−0.989, −0.665) 6.66 0.353
9 −5.997 b0.001 (−0.968, −0.491) 2.092 0.554
3 −13.799 b0.001 (−1.545, −1.161) 2.708 0.844

confidence interval.



Fig. 1. Comparison of time-based PM between patients and controls.

Fig. 3. Comparison of activity-based PM between patients and controls.

67Y. Wang et al. / Schizophrenia Research 114 (2009) 64–70
Among time-, event-, and activity-based PM, time-based
PM had the largest mean weighted d (−1.33, 95%
confidence interval −1.515 to −1.145) and activity-based
PM had the smallest mean weighted d (−0.729, 95%
confidence interval −0.968 to−0.491), the mean weighted
of event-based PM (−0.827, 95% confidence interval

−0.989 to −0.665) was between time- and activity-based
PM. The summary PM score was also found to have large
effect size (d=−1.353, 95% confidence interval −1.545 to
−1.161) (see Table 2 and Figs. 1–4). All the effect sizes
(absolute value) were significantly larger than 0. Based on
Cohen's (Cohen, 1988) criteria (d≥ .80 for large effect size),
both time-based and event-based PM tasks were found to
have large mean effect sizes. To test if patients with
Fig. 2. Comparison of event-based PM between patients and controls.
schizophrenia are significantly more impaired on one type
of PM than the others, the PM type (time-, event-based)
was used as a moderator. Results suggested that these two
types of PM were heterogeneous (Q=16.052, pb0.001),
suggesting that the effect size of time-based was signifi-
cantly larger than that of event-based PM (absolute value).
Since the task of activity-based PM was different from time-
and event-based PM, the activity-based PM was not
compared to the other two types of PM.

Publication bias analysis found that 268, 173, and 31 studies
with negative results are needed to reject the present
significant findings for time-, event-, and activity-based PM
respectively. For PM summary score, 325 studies with negative
result areneeded to reject thepresentfinding. Results of Egger's
Fig. 4. Comparison of PM summary score between patients and controls.
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test are: t(4)=0.672, p =0.538 for time-based PM; t(5)=
1.328, p=0.242 for event-based PM; t(2)=1.105, p=0.384
for activity-based PM; t(5)=0.228; p=0.828 for summary PM
score. Based on these results, it can be safely concluded that
publication bias does not exist for PM impairments in patients
with schizophrenia.

3.2. Correlations between PM, clinical and demographic data

In this correlation analysis, we only used the PM summary
score, since it includes all the different types of PM and is most
reliable. The correlational data between summary PMscore and
other variables indicate that for clinical symptoms, PM did not
correlate significantly with positive symptoms (r=−0.094,
p=0.067), but significantly with negative symptoms (r=
−0.18, pb0.001) and general psychopathology (r=−0.168,
p=0.05). However, it should be noted that only 4 studies
were included in the general psychopathology correlation
analysis (see Table 3). PM summary score was also found to
correlate significantly with medication dosage (r=−0.119,
p=0.028), and duration of illness (r=−0.131, p=0.009) but
it did not correlate significantly with age of onset (r=0.035,
p=0.564). For demographic variables, PM summary score
was found to correlate significantly with age (r=−0.23,
pb0.001), education (r=0.249, pb0.001), IQ (r=0.439,
pb0.001), and premorbid IQ (r=0.356, pb0.001) (see
Table 3). Among the significant correlations, demographic
variables had the strongest relationships with PM. Egger's test
showed that publication bias did not exist in any of these test,
p-value ranged from 0.073 to 0.901.

4. Discussion

The present study provided a systematic and quantitative
review of the magnitude of PM impairments in patients with
schizophrenia, and strength of association between PM and a
number of variables. Through the quantitative meta-analysis, it
was found that schizophrenic patients were significantly
impaired in all three types of PM (viz., time-, event-, and
activity-based) and the summary/overall PM. The variance for
all four types of impairment was homogeneous, indicating the
results of different studies are consistent. All the effect sizes are
large or near large according to Cohen's criterion (Cohen, 1988).
In a previous meta-analysis, Mesholam-Gately et al. (Mesho-
lam-Gately et al., 2009) found that schizophrenic patients
Table 3
Results of meta-analysis of correlation between PM summary score and other varia

K N r Z

Positive symptoms 8 400 −0.094 −1.833
Negative symptoms 8 400 −0.18 −3.527
General psychopathology 4 146 −0.168 −1.961
Medication dosage 7 358 −0.119 −2.194
Duration of illness 9 423 −0.131 −2.623
Age onset 7 290 0.035 −0.577
Age 9 423 −0.23 −4.653
Education 7 358 0.249 4.672
IQ 5 176 0.439 5.97
Premorbid IQ 3 125 0.356 4.008

K = number of studies; N = number of participants; r = pooled effect size; CI = c
showed impairment in RM and the globe domain effect sizes
were−0.85 to−1.20 (including verbal, nonverbal, immediate
anddelayedmemory). In thepresent study similarpooled effect
sizes were found for PM. Through moderator analysis, it was
found that the variances were heterogeneous between PM
types (time- vs event-based), suggesting that time-based PM
wasmore impaired in schizophrenia than event-based PM. This
is consistent with the commonly held view that time-based PM
is more difficult since it needs more self-initiation (Einstein
et al., 1995). Thus, the current meta-analysis have resolved the
inconsistent results among the studies published and found the
extent of PM deficits in patients with schizophrenia; and it also
affirms the theoretical distinction between time- and event-
based PM.

Regarding the meta-analytic correlation analyses, PM was
not found to correlate significantlywithpositive symptoms, but
significantly with negative symptoms and general psychopa-
thology. This is consistent with results of previous meta-
analyses that showed significant relationships between clinical
symptoms and neurocognitive functions such as working
memory and executive functions (Dibben et al., 2009;
Dominguez et al., 2009; Nieuwenstein et al., 2001). These
studies have found that neurocognitive functions were signif-
icantly correlated with negative symptoms and disorganiza-
tion/general psychopathology to a medium degree, but did not
correlate with positive symptoms. These results suggest that
negative symptoms and disorganization may reflect different
psychopathologies compared to positive symptoms (Domin-
guez et al., 2009). The results that negative symptoms
correlated significantly with PM also supported the frontal
lobe hypothesis of negative symptoms which suggested that
the negative symptoms were associated with malfunction of
prefrontal cortex (Liddle, 2001).

PM was found to have an inverse relationship with
medication dosage. This means that the higher the dosage
of medication the patients take, the worse their PM
performances. This is an important finding that previous
studies had not reported and it has implications for care of
these patients. For example caregivers or health workers
should pay special attention to those patientswho are on high
dose of antipsychotic medication because they might have
particularly more PM problems. Because of the way results
were reported in the studies that we reviewed, there are no
enough data to clarify whether typical and atypical medica-
tion had differential effect on PM.
bles in patients with schizophrenia.

Heterogeneity

p 95% CI Q p

0.067 (−0.193, 0.007) 7.512 0.378
b0.001 (−0.276, −0.081) 21.32 0.003
0.05 (−0.326, 0) 2.268 0.519
0.028 (−0.222, −0.013) 6.204 0.401
0.009 (−0.226, −0.033) 12.439 0.133
0.564 (−0.153, 0.084) 30.548 b0.001

b0.001 (−0.321, −0.135) 11.036 0.2
b0.001 (0.147, 0.346) 5.712 0.456
b0.001 (0.306, 0.555) 12.179 0.016
b0.001 (0.188, 0.504) 0.94 0.625

onfidence interval.
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PM was also found to correlate significantly with the duration
of illness, with longer duration of illness associatedwith poorer
PMperformance. This is an interestingfinding that has not been
reported before. It suggests that PM performance may
deteriorate along the course of schizophrenic illness and this
may be caused by neurotoxicity, hospitalization, illness
severity, etc. This finding is consistent with the findings of
Pelletier et al. (2005) that recognition RM was moderated by
illness chronicity.

Among the demographic variables examined, PM was not
found to correlate with age of onset but was found to correlate
with age of patients. This suggests that with increasing age, PM
performance tends to decrease. This finding is consistent with
the results of the meta-analysis conducted by Henry et al.
(2004)which conclude that ageing has a negative effect on PM.
Educationwas found to have a significant relationshipwith PM,
with more educated patients showing better PM performance.
This may be because patients with higher education or higher
IQ had more opportunities to undertake and practice PM tasks
(e.g., bringing homework to school on a certain date, asking a
particular teacher for informationwhenhe/she appears) during
their schooling than patients with less education or persons
with better PM are more likely to cope with the demands of
education. Finally, PMwas found to have a positive relationship
with IQ and premorbid IQ, this suggests that PM relies on basic
cognitive functions (e.g., attention, retrospective memory) to a
large degree, so individuals with higher IQ would do better on
PM.

There are several limitations in the present study: First,
the number of studies included in the present meta-analysis
is relatively small. Second, the PM tasks are rather different in
these studies. Third, for the relationship between PM and
positive symptoms, it might be mediated by medication and
its dosage, since medication in schizophrenia mainly targets
positive symptomatology. It could be that positive symptoms
and PM are related, but medication removes this effect by
controlling positive symptoms. Further studies onmedication
naive patients are needed to address this issue.

The current findings implicate several lines of research for
studying PM in schizophrenia. First, while there are studies that
investigated the neural basis of PM and neural impairment in
schizophrenia, to our knowledgenonehas examined theneural
impairment of PM in schizophrenia directly. This is a worthy
topic because it would provide a direct and stronger link
between schizophrenia and PM deficits and clarify the
underlying process of these deficits. Second, the present
meta-analysis found that medication dosage was significantly
correlated with PM performance. However, the studies includ-
ed did not report typical or atypical medications separately. To
clarify this issue, future studies could explore the differential
effect of typical and atypical medications on PM performance,
and alsomedication naive cases. Third, studies conducted so far
have not identified the stage (e.g., encoding, maintenance,
retrieval) of PM impairment in schizophrenic patients, further
studies (behavioral, ERP, and fMRI) with well-designed
experiments might help to identify the specific stage of
impairment and the specific brain region responsible for the
impairment.

In conclusion, the current meta-analysis found the extent
of impairments in three types of PM in patients with
schizophrenia, and the relationships between PM perfor-
mance and clinical and demographic variables, these findings
have important clinical implications.

Role of funding source
This study was supported by the Research Initiation Fund of Institute of

Psychology, Chinese Academy of Sciences (113000C151), and Young
Investigator Scientific Fund of Institute of Psychology, Chinese Academy of
Sciences (O9CX073007) to Ya Wang, and the Project-Oriented Hundred
Talents Programme (O7CX031003), the Knowledge Innovation Project of the
Chinese Academy of Sciences (KSCX2-YW-R-131), and the National Basic
Research Programme (973 Programme No. 2007CB512302) to Raymond
Chan, and the National Basic Research Programme (973 Programme No.
2007CB512305) to Qi-yong Gong.

Contributors
Ya Wang and Raymond Chan generated the idea, analyzed the data and

wrote up the first draft of the paper; Jifang Cui helped in searching the
literature and in data analysis; Jifang Cui, Yongyu Deng, Haisong Shi,
Xiaohong Hong, Zhanjiang Li, Xin Yu were involved in the writing; Qi-yong
Gong read the manuscript and made some comments; David Shum was
involved in the discussion and in improving the draft of the paper. All authors
contribute to and have approved the final text.

Conflict of interest
None.

Acknowledgements
The authors would like to acknowledge the funding from the Institute

of Psychology, Chinese Academy of Sciences (113000C151; O9CX073007;
O7CX031003; KSCX2-YW-R-131) and the National Basic Research Programme
(973 Programme No. 2007CB512302/5).
References

Addis, D.R., Wong, A.T., Schacter, D.L., 2007. Remembering the past and
imagining the future: common and distinct neural substrates during
event construction and elaboration. Neuropsychologia 45, 1363–1377.

Addis, D.R., Pan, L., Vu, M.A., Laiser, N., Schacter, D.L., 2009. Constructive
episodic simulation of the future, the past: distinct subsystems of a core
brain network mediate imagining and remembering. Neuropsychologia
47, 2222–2238.

Aleman, A., Hijman, R., de Haan, E.H.F., Kahn, R.S., 1999. Memory impairment
in schizophrenia: a meta-analysis. American Journal of Psychiatry 156,
1358–1366.

Altgassen, M., Kliegel, M., Rendell, P., Henry, J.D., Zollig, J., 2008. Prospective
memory in schizophrenia: the impact of varing retrospective-memory
load. Journal of Clinical & Experimental Neuropsychology 30, 777–788.

Andreasen, N.C., Nopoulos, P., O'Leary, D.S., Miller, D.D., Wassink, T., Flaum,
M., 1999. Defining the phenotype of schizophrenia: cognitive dysmetria
and its neural mechanisms. Biological Psychiatry 46, 908–920.

Brandimonte, M., Einstein, G.O., McDaniel, M.A. (Eds.), 1996. Prospective
Memory: Theory and Applications. InLawrence Erlbaum Associates,
Mahwah, New Jersey.

Bravin, J.H., Kinsella, G.J., Ong, B., Vowels, L., 2000. A study of performance of
delayed intentions in multiple sclerosis. Journal of Clinical and Experi-
mental Neuropsychology 22, 418–429.

Brunfaut, E., Vanoverberghe, V., d'Ydewalle, G., 2000. Prospective remem-
bering of Korsakoffs and alcoholics as a function of the prospective-
memory and on-going tasks. Neuropsychologia 38, 975–984.

Burgess, P.W., Veitch, E., Costello, A.L., Shallice, T., 2000. The cognitive and
neuroanatomical correlates ofmultitasking. Neuropsychologia 38, 848–863.

Burgess, P.W., Quayle, A., Frith, C.D., 2001. Brain regions involved in prospective
memory as determined by positron emission tomography. Neuropsycho-
logia 39, 545–555.

Burgess, P.W., Scott, S.K., Frith, C.D., 2003. The role of the rostral frontal cortex
(area 10) in prospective memory: a lateral versus medial dissociation.
Neuropsychologia 41, 439–453.

Burgess, P.W., Dumontheil, I., Gilbert, S.J., Okuda, J., Scholvinck, M.L., Simons,
J.S., 2008. On the role of rostral prefontal cortex (Area 10) in prospective
memory. In: Kliegel, M., McDaniel, M.A., Einstein, G.O. (Eds.), Prospective
Memory: Cognitive, Neuroscience, Developmental, and Applied Per-
spectives. New York, Lawrence Erlbaum Associates, pp. 235–260.

Chan, R.C.K., Wang, Y., Ma, Z., Hong, X., Yuan, Y., Yu, X., Li, Z., Shum, D., Gong,
Q., 2008. Objective measures of prospective memory do not correlate



70 Y. Wang et al. / Schizophrenia Research 114 (2009) 64–70
with subjective complaints in schizophrenia. Schizophrenia Research
103, 229–239.

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
Lawrence Earlbaum Associates, Hillsdale, NJ.

Craik, F.I.M., 1986. A functional account of age differences inmemory. In: Klix, F.,
Hagendorf, H. (Eds.), HumanMemory and Cognitive Capabilities: Mechan-
isms and Performances. North-Holland, Elsevier Science, pp. 409–422.

Daum, I., Mayes, A.R., 2000. Memory and executive function impairments after
frontal or posterior cortex lesions. Behavioral Neurology 12, 161–173.

Dibben, C.R.M., Rice, C., Laws, K., McKenna, P.J., 2009. Is executive impairment
associated with schizophrenic syndromes? A meta-analysis. Psycholog-
ical Medicine 39, 381–392.

Dominguez, M.G., Viechtbauer, W., van Os, J., Krabbendam, L., 2009. Are
psychotic psychopathology and neurocognition orthogonal? A systematic
review of their associations. Psychological Bulletin 135, 157–171.

Duchek, J.M., Balota, D.A., Cortese, M., 2006. Prospective memory and
Apolipoprotein E in healthy aging and early stage Alzheimer's Disease.
Neuropsychology 20, 633–644.

Einstein, G.O., McDaniel, M.A., 1990. Normal aging and prospective memory.
Journal of Experimental Psychology. Learning, Memory, and Cognition
16, 717–726.

Einstein,G.O.,Holland, L.J.,McDaniel,M.A.,Guynn,M.J., 1992.Age-relateddeficits
in prospective memory: the influence of task complexity. Psychology and
Aging 7, 471–478.

Einstein, G.O., McDaniel, M.A., Richardson, S.L., Guynn, M.J., Cunfer, A.R., 1995.
Aging and prospective memory: examining the influences of self-initiated
retrieval processes. Journal of Experimental Psychology. Learning,Memory,
and Cognition 21, 996–1007.

Ellis, J.A., 1996. Prospective memory or the realization of delayed intentions:
a conceptual framework for research. In: Brandimonte, M., Einstein, G.O.,
McDaniel, M.A. (Eds.), Prospective Memory: Theory and Applications.
Erlbaum, Mahwah, NJ, pp. 1–22.

Elvevag, B., Maylor, E.A., Gilbert, A.L., 2003. Habitual prospective memory in
schizophrenia. BMC Psychiatry 3.

Fish, J., Evans, J.J., Nimmo, M., Martin, E., Kersel, D., Bateman, A., Wilson, L.,
Manly, T., 2007. Rehablitation of executive dysfunction following brain
injury: “content-free” cueing improves everyday prospective memory
performance. Neuropsychologia 45, 1318–1330.

Fletcher, P., McKenna, P.J., Friston, K.J., Dolan, R.J., 1999. Abnormal cingulate
modulation of fronto-temporal connectivity in schizophrenia. NeuroImage
9, 337–342.

Friston, K.J., Frith, C.D., 1995. Schizophrenia: a disconnection syndrome?Clinical
Neuroscience 3, 89–97.

Heinrichs, R.W., Zakzanis, K.K., 1998. Neurocognitive deficit in schizophrenia: a
quantitative review of the evidence. Neuropsychology 12, 426–445.

Henry, J.D., MacLeod, M.S., Phillips, L.H., Crawford, J.R., 2004. A meta-analytic
reviewof prospectivememory and aging. Psychology and Aging 19, 27–39.

Henry, J.D., Rendell, P.G., Kliegel,M., Altgassen,M., 2007. Prospectivememory in
schizophrenia: primary or secondary impairment? Schizophrenia Research
85, 179–185.

Kliegel, M., Phillips, L.H., Lemke, U., Kopp, U.A., 2005. Planning and realisation
of complex intentions in patients with Parkinson's disease. Journal of
Neurology, Neurosurgery and Psychiatry 76, 1501–1505.

Kliegel, M., Jager, T., Altgassen, M., Shum, D., 2008. Clinical Neuropsychology of
prospective memory. In: Kliegel, M., McDaniel, M.A., Einstein, G.O. (Eds.),
Prospective Memory: Cognitive, Neuroscience, Developmental, and Ap-
plied Perspectives. New York, Lawrence Erlbaum Associates, pp. 283–308.

Kondel, T.K., 2002. Prospective memory and executive function in schizo-
phrenia. Brain and Cognition 48, 405–410.

Kumar, D., Nizamie, S.H., Jahan, M., 2005. Event-based prospective memory
in schizophrenia. Journal of Clinical & Experimental Neuropsychology 27,
867–872.

Kumar, D., Nizamie, S.H., Jahan, M., 2008. Activity-based prospective memory
in schizophrenia. Clinical Neuropsychologist 22, 497–506.

Lee, J., Park, S., 2005. Working memory impairments in schizophrenia: a
meta-analysis. Journal of Abnormal Psychology 114, 599–611.

Liddle, P.F., 2001. Disordered mind and brain. Gaskell, London.
Mesholam-Gately, R.I., Giuliano, A.J., Goff, K.P., Faraone, S.V., Seidman, L.J., 2009.

Neurocognition in first-episode schizophrenia: a meta-analytic review.
Neuropsychology 23, 315–336.

Nieuwenstein, M., Aleman, A., de Haan, E., 2001. Relationship between
symptom dimensions and neurocognitive functioning in schizophrenia:
a meta-analysis of WCST and CPT studies. Journal of Psychiatric Research
35, 119–125.
Okuda, J., Fujii, T., Yamadori, A., Kawashima, R., Tsukiura, T., Fukatsu, R., Suzuki,
K., Ito, M., Fukuda, H., 1998. Participation of the prefrontal cortices in
prospective memory: evidence from a PET study in humans. Neuroscience
Letters 253, 127–130.

Okuda, J., Fujii, T., Ohtake,H., Tsukiura, T., Yamadori, A., Frith, C.D., Burgess, P.W.,
2007. Differential involvement of regions of rostral prefrontal cortex
(Brodmann area 10) in time- and event-based prospective memory.
International Journal of Psychophysiology 64, 233–246.

Pelletier, M., Achim, A.M., Montoya, A., Lal, S., Lepage, M., 2005. Cognitive and
clinical moderators of recognition memory in schizophrenia: a meta-
analysis. Schizophrenia Research 74, 233–252.

Piskulic, D., Olver, J.S., Norman, T.R., Maruff, P., 2007. Behavioural studies of
spatial working memory dysfunction in schizophrenia: a quantitative
literature review. Psychiatry Research 150, 111–121.

Reynolds, J.R., West, R., Braver, T., 2009. Distinct neural circuits support
transient and sustained processes in prospective memory and working
memory. Cerebral Cortex 19, 1208–1221.

Ritch, J.L., Velligan, D.I., Tucker, D., Dicocco, M., Maples, N.J., 2003. Prospective
memory in schizophrenia. Schizophrenia Research 60, 180.

Schacter, D.L., Addis, D.R., 2009. On the nature of medial temporal lobe
contributions to the constructive simulation of future events. Philosoph-
ical Transactions of the Royal Society B 364, 1245–1253.

Schacter, D.L., Addis, D.R., Buckner, R.L., 2008. Episodic Simulation of Future
Events: Concepts, Data, and Applications. Annals of the NewYork Academy
of Sciences 1124, 39–60.

Shum, D., Leung, J.P., Ungvari, G.S., Tang, W.K., 2001. Schizophrenia and
prospective memory: a new direction for clinical practice and research?
Hong Kong Journal of Psychiatry 11, 23–26.

Shum, D., Fleming, J., Neulinger, K., 2003. Prospective memory and traumatic
brain injury: a review. Brain Impairment 3, 1–16.

Shum, D., Ungvari, G.S., Tang, W.K., Leung, J.P., 2004. Performance of
schizophrenia patients on time-, event-, and activity-based prospective
memory tasks. Schizophrenia Bulletin 30, 693–701.

Simons, J.S., Scholvinck, M.L., Gilbert, S.J., Frith, C.D., Burgess, P.W., 2006.
Differential components of prospective memory? Evidence from fMRI.
Neuropsychologia 44, 1388–1397.

Smith, G., della Sala, S., Logie, R.H., Maylor, E.A., 2000. Prospective memory
and retrospective memory in normal ageing and dementia: a question-
naire study. Memory 8, 311–321.

Stephan, K.E., Baldeweg, T., Friston, K.J., 2006. Synaptic plasticity and
dysconnection in schizophrenia. Biological Psychiatry 59, 929–939.

Twamley, E.W., Woods, S.P., Zurhellen, C.H., Vertinski, M., Narvaez, J.M.,
Mausbach, B.T., Patterson, T.L., Jeste, D.V., 2008. Neuropsychological
substrates and everyday functioning implications of prospective mem-
ory impairment in schizophrenia. Schizophrenia Research 106, 42–49.

Ungvari, G.S., Xiang, Y., Tang, W.K., Shum, D., 2008. Prospective memory and
its correlates and predictors in schizophrenia: an extention of previous
findings. Archives of Clinical Neuropsychology 23, 613–622.

Wang, Y., Chan, R.C.K., Hong, X., Ma, Z., Yang, T., Guo, L., Yu, X., Li, Z., Yuan, Y.,
Gong, Q., Shum, D., 2008a. Prospective memory in schizophreia: further
clarificationof natureof impairment. SchizophreniaResearch105, 114–124.

Wang, Y., Chan, R.C.K., Yu, X., Shi, C., Cui, J., Deng, Y., 2008b. Prospective
memory deficits in subjects with schizophrenia spectrum disorders: a
comparison study with schizophrenic subjects, psychometrically defined
schizotypal subjects, and healthy controls. Schizophrenia Research 106,
70–80.

Wang,Y., Chan,R.C.K., Cui, J., Deng,Y.,Huang, J., Li,H., Yan,C., Xu, T.,Ma, Z.,Hong,X.,
Li, Z., Shi, H., Shum, D., in press. Prospective memory in non-psychotic first-
degree relatives of patients with schizophrenia. Psychiatry Research.

West, R., 2008. The cognitive neuroscience of prospective memory. In:
Kliegel, M., McDaniel, M.A., Einstein, G.O. (Eds.), Prospective Memory:
Cognitive, Neuroscience, Developmental, and Applied Perspectives. New
York, Lawrence Erlbaum Associates, pp. 261–282.

West, R., McNerney, M.W., Travers, S., 2007. Gone but not forgotten: the
effects of cancelled intentions on the neural correlates of prospective
memory. International Journal of Psychophysiology 64, 215–225.

Woods, S.P., Twamley,E.W., Dawson,M.S.,Narvaez, J.M., Jeste, D.V., 2007.Deficits
in cue detection and intention retrieval underlie prospective memory
impairment in schizophrenia. Schizophrenia Research 90, 344–350.

Woods, S.P., Moran, L.M., Carey, C.L., Dawson, M.S., Iudicello, J.E., Gibson, S.,
Grant, I., Atkinson, J.H., 2008. Prospective memory in HIV infection: is
“remembering to remember” a unique predictor of self-reported medica-
tion management? Archives of Clinical Neuropsychology 23, 257–270.


	Meta-analysis of prospective memory in schizophrenia: Nature, extent, and correlates
	Introduction
	Neural basis of PM and its impairment in schizophrenia

	Method
	Literature search
	Meta-analytical procedure

	Results
	Group differences in PM performance
	Correlations between PM, clinical and demographic data

	Discussion
	Role of funding source
	Contributors
	Conflict of interest
	Acknowledgements
	References




