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Neural oscillations are a fundamental mechanism for enabling cognitive and perceptual 

processes (Uhlhaas et al., 2008). In schizophrenia, gamma-band oscillations (> 30 Hz) are 

reduced during perceptual tasks (Uhlhaas and Singer, 2013), and deficits are already present in 

the early stages of psychosis, including in first-episode psychosis (FEP) patients and in 

participants meeting clinical high-risk for psychosis (CHR-P) criteria (Grent-’t-Jong et al., 

2020). Interestingly, neuroplasticity-based computerised cognitive training (CCT), which aims 

to improve higher level cognitive functions through training of basic auditory and visual-

perceptual processes, has been shown to improve cognitive function and enhance task-related 

gamma-band activity in schizophrenia patients (Popov et al., 2012). However, there is only 

preliminary evidence for the effectiveness of CCT on cognitive performance during the early-

stages of psychosis (Fisher et al., 2015; Glenthøj et al., 2017), and the impact on oscillatory 

activity is currently unknown. Therefore, we sought to assess whether 10 hours of 

neuroplasticity-based CCT could improve cognitive performance and enhance gamma-band 

activity in a sample of participants meeting CHR-P or FEP criteria. 

 

CHR-P participants and FEP patients were recruited as part of the Youth Mental Health Risk 

and Resilience (YouR) study (Uhlhaas et al., 2017) or via referral from the ESTEEM First 

Episode Psychosis Service in Glasgow. Eligibility for the CHR-P group was established 

using the Comprehensive Assessment of At-Risk Mental States (CAARMS, Yung et al. 

2005) and the Schizophrenia Proneness Instrument, Adult version (SPI-A, Schultze-Lutter et 

al., 2007). Eligibility for the FEP group was established using the Structured Clinical 

Interview for DSM-IV.  

 

Participants completed 10 sessions of CCT using the BrainHQ software (Posit Science, San 

Francisco; www.brainhq.com), Each session was 60 minutes in duration, over approximately 

3 weeks. Training was completed at home using a computer, mobile phone or laptop. Each 

session was comprised of eight different visual processing exercises, each repeated three 

times. Training activity was monitored via an online system and participants received regular 

reminders by email or text.  

 

Before and after the CCT, participants completed the Brief Assessment of Cognition in 

Schizophrenia (BACS; Keefe et al., 2004) and magnetoencephalographical (MEG) data were 

obtained during a visual grating task (Figure 1A). In order to minimise practice effects, we 



utilised different versions of the BACS verbal memory and executive function tests at the 

post-training assessment.  

 

MEG data were acquired using a whole-head, 248-channel magnetometer system (Magnes 

3600 WH, 4D Neuroimaging, San Diego, CA) at a sampling rate of 1017.25 Hz with a low-

pass filter at 400 Hz. At sensor-level, oscillatory activity was examined in the 30-80 Hz 

frequency range, averaged across 250-750 ms. Significant effects were followed up with 

source-level analyses. For statistics, we used Monte-Carlo permutation-based dependent 

samples t-tests (2000 permutations), with correction for multiple comparisons. Power was 

expressed as relative change from baseline activity (−500 to 0 ms). Statistical significance 

was set at p<.05 (two-tailed). 

 

Overall, 16 participants were recruited (n=6 CHR-P; n=10 FEP) and 13 participants (n=5 

CHR-P; n=8 FEP) completed the study. The mean training duration was 22.15 days 

(SD=14.55).  

CHR-P and FEP study-completers were similar in age [CHR-P: mean=24.4 (SD=4.22); FEP: 

mean=23.9 (SD=3.80) years] and sex [CHR-P: 3F/2M; FEP: 3F/5M]. We found significant 

improvements in verbal memory (p<.001; d=1.43), motor speed (p=.030, d=0.68), attention 

and processing speed (p=.015, d=0.79) and BACS composite score (p=.008, d=0.88) as well 

as a significant reduction in executive function (p=.044, d=0.62) from pre- to post-training 

(Supplementary Table 1). There were also significant improvements on all 8 BrainHQ 

exercises over time (p<.01), with large effect sizes (Supplementary Table 2; Supplementary 

Figure 1). 

 

Cluster-based permutation tests revealed a significant increase in gamma-band activity (~40-

44 Hz) pre- to post-training over central-frontal sensors between 250-750 ms (cluster 

t(12)=145.01; p=.013, d=1.41, 95% CI [0.008 to 0.018]) (Figure 1B). In addition, we 

performed whole-head source estimation of 40-44 Hz power between 250-750 ms and  found 

a significant increase pre- to post-training in frontal, motor and cingulate regions (t(12)=3.90,  

d=1.08) (Figure 1C, D).  

 

Our findings suggest that 10 hours of CCT can improve cognitive performance in early-stage 

psychosis, especially in the domain of verbal memory. Importantly, we also found a 

significant increase in gamma-band activity in areas associated with attentional and motor-



related processes, suggesting that CCT improved task preparation and top-down attentional 

control, and resulted in a switch from reactive to proactive cognitive control strategies. 

Limitations of the study include the small sample size and the lack of an active control group. 

Furthermore, it is unclear whether symptoms and/or functioning improved at post-training 

and whether effects were durable over time. Nevertheless, our findings suggest the potential 

utility of CCT to improve cognitive deficits and the underlying circuit deficits in early-stage 

psychosis.  
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Figure 1. Sensor and Source-level Magnetoencephalography (MEG) Data 



 

Figure 1. (A) Participants had to press a button when a speed change was detected in a concentric 

inward moving visual grating stimulus. Speed changes randomly occurred between 0.75-3.0 s post-

stimulus onset (B) Topography of the change in gamma power from pre- to post-training. White dots 

indicate sensors significant after cluster correction. Slice (C) and surface (D) plot representations of 

gamma source-power differences pre- to post-training (FDR corrected). Colour bars indicate the 

distribution of t values, with red colours (positive t-values) indicating an increase in power. ROI 1: 

Right supplementary motor area (RSMA), right dorsal superior frontal gyrus (RdSFG) and right 

middle frontal gyrus (RMFG); ROI 2: Left precentral gyrus (PreCG) and left postcentral gyrus 

(LPoCG); ROI 3: Right median cingulate and paracingulate gyri (RDCG); ROI 4: Left anterior 

cingulate and paracingulate gyri (LACG), left medial superior frontal gyrus (LmSFG) and left dorsal 

superior frontal gyrus (LdSFG); ROI 5: Left middle frontal gyrus (LMFG) and left inferior frontal 

gyrus, triangular part (IFGtriang) 


	Cover Sheet (AFV)
	268754

