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Background: Schizophrenia (SZ) affects several domains of cognitive func-
tion. Abnormal time and novelty processing, which is related to change 
detection, has been reported in this disorder. Timing and oddball tasks can 
be used to assess change detection in perceptual processes. We hypothesize 
that an impaired timing network underlies disruptive cognitive functioning 
in SZ, such as saliency detection. Therefore, timing dysfunction might be a 
primary cognitive deficit in this disorder.
To address this issue, our aim was to elucidate the neural areas under-
lying target detection and timing in SZ, as well as to determine whether 
the timing dysfunctional activity pattern showed by SZ patients 
matches the pattern involved in attention salience processing. The final 
purpose of  our study was to identify the brain structures activated dur-
ing both timing and oddball tasks in patients with SZ, as compared to 
healthy controls (HC).
Methods: We conducted two independent comprehensive literature 
searches of whole-brain functional magnetic resonance imaging (fMRI) 
studies that compared patients with SZ and HC using oddball and timing 
tasks. The searches were conducted with PubMed engine up to November 
2017. Keywords used in the first search were: “schizophrenia” plus “func-
tional magnetic resonance imaging” or “fMRI” plus “timing” or “time per-
ception” or “time estimation”. In the second search keywords used were: 
“schizophrenia” plus “functional magnetic resonance imaging” or “fMRI” 
plus “event-related”, plus “oddball”.
We excluded studies that 1) used a region-of-interest approach; 2) did not 
report peak coordinates for the relevant contrast; 3) used different statis-
tical thresholds in different regions of the brain; 4) used techniques other 
than fMRI; 5) were based on Independent Component Analysis; 6) were 
case reports, qualitative studies, reviews or meta-analyses.
We ran two independent signed differential mapping (SDM) meta-
analyses of  fMRI studies conducting comparisons between HC and 
patients with SZ: one reporting brain activation patterns during an 
oddball task, and a second one using timing tasks. We carried out a 
final multimodal meta-analysis to combine the findings from the two 
previous SDM meta-analyses. The aim of  this multimodal analysis was 
to detect brain regions that are activated or deactivated by both timing 
and oddball tasks in SZ.
Results: Our initial search returned 173 papers, but application of 
inclusion criteria reduced this number to 8.  Among them, 3 studied 
timing (which included a total of  53 SZ patients and 60 HC) and 5 
examined oddball paradigm (which included a total of  100 SZ patients 
and 122 HC).
Relative to HC, patients with SZ showed significantly hypoactivation 
in right striatum, right middle frontal gyrus (BA 9 and 45), and right 
median cingulate / paracingulate gyri (BA 32) during timing tasks. For 
oddball tasks, even if  they showed significantly decreased activation 
in right inferior parietal gyri (BA 40)  and corpus callosum, they also 
exhibited hyperactivation or failure of  deactivation in left superior fron-
tal gyrus, and dorsolateral (BA 9). Finally, overlapping was found in 
regions that were hypoactivated and hyperactivated by oddball tasks in 
SZ patients relative to HC.
Discussion: Our results show that there is a common dysfunctional par-
ticipation of frontal, cingulate, striatum, and parietal regions in SZ dur-
ing both timing and oddball tasks. These findings suggest that a deficient 
timing network underlies attentional salience. However, these results are 
preliminary and further studies may be conducted to address the specific 
role of timing on cognition.
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Background: Prospective memory (PM) in real world is mostly societal and 
it often involves activities in which the individual has to remember to do 
something for others, which is also called pro-social PM. The neuropep-
tide oxytocin has been implicated in social cognition and social interaction 
in a number of  studies. The aim of the present study was to investigate 
the correlation between pro-social PM performance and plasma oxyto-
cin level in first-episode schizophrenic patients (FES), first-degree relatives 
(FDRs) of  schizophrenia, and healthy controls (HCs). In addition, we also 
tried to explore the sexually dimorphic feature in the interactions of  above-
mentioned factors.
Methods: Forty-six FES patients, 41 non-psychotic FDRs of patients with 
chronic schizophrenia (unrelated to the FES group) and 54 HCs were stud-
ied. Pro-social time-based prospective memory (TBPM) and event-based 
prospective memory (EBPM) performance were assessed with the Chinese 
version of the Cambridge Prospective Memory Test (C-CAMPROMPT). 
A  serial of tests reflecting retrospective memory and executive functions 
were also administrated. Plasma oxytocin levels were determined by radio-
immunoassay using a RIA kit.
Results: (1) There were significant differences in performance between FES, 
FDRs, and HCs with respect both TBPM and EBPM, even after control-
ling for age, sex and education level by analysis of  covariance (ANCOVA). 
We found significant group*sex interaction only regarding TBPM (F(2, 
133)=4.8, p=0.01). Female HCs performed significantly poorer than male 
HCs on TBPM (11.1  ±  5.5 vs 14.4  ±  4.8, t=-2.3, p=0.026). However, 
this sexually dimorphic trend was not seen in either FES (9.0  ±  5.1 vs 
7.5 ± 5.1, t=1.0, p=0.34) or FDRs (12.3 ± 3.5 vs 11.1 ± 4.4, t=1.0, p=0.3). 
(2) A  significant group*sex interaction was also revealed with regard to 
plasma oxytocin level (F(2, 134)=4.1, p=0.018). In HCs, females exhib-
ited significantly higher plasma oxytocin level than males (62.2  ±  28.3 
pg/ml vs 44.4 ± 20.9 pg/ml, t=2.5, p=0.015). But this sexually dimorphic 
feature did not appear in FES (58.3  ±  20.1pg/ml vs 59.6  ±  19.4 pg/ml, 
t=-0.2, p=0.822) or FDRs (60.4 ± 19.2 pg/ml vs 74.0 ± 46.0 pg/ml, t=-1.2, 
p=0.230). In addition, there was a significant difference in plasma oxy-
tocin level between the three groups only in male. Post-hoc analyses sug-
gest male FDRs exhibited significant higher plasma oxytocin level than 
male HCs. (3) After controlling age and education level, partial correlation 
analysis indicated higher plasma oxytocin levels to be significantly asso-
ciated with higher TBPM scores in FDRs (r=0.39, p=0.015). In order to 
determine the origin of  this correlation, we further conducted 2 separate 
partial correlation analyses in males and females, still with age and educa-
tion level as controlled variables. The correlation between plasma oxytocin 
level and TBPM remained significant in male FDRs (r=0.5, p=0.021) but 
disappeared in female FDRs (r=0.2, p=0.434).
Discussion: In the present study, we found the pre-existing sex-specific pat-
terns (as in HCs) of plasma oxytocin level and TBPM were substantially 
disrupted in FES and FDRs. Moreover, a significant association between 
plasma oxytocin levels and PM was only found in FDRs, and only male 
FDRs contribute to this significant association, suggesting oxytocin may 
play an important role regulating pro-social PM in FDRs in sexually 
dimorphic way.
Longitudinal studies with larger sample size and measurement of oxytocin 
receptor function and genetic variations should be conducted in the future.


