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Neil D. Woodward
Neuropsychological impairment is common in schizophrenia
and an important predictor of functional outcome. Cognitive
deﬁcits are believed to result from abnormalities in the
structure, function, and connectivity of brain systems critical
for normal cognition. Given the importance of cognition to
functional outcome, there is tremendous interest in deﬁning
the neural mechanisms underlying neuropsychological impairment and developing interventions to ameliorate the deﬁcits.
The study by Ramsay et al. (1) in this issue of Biological
Psychiatry: Cognitive Neuroscience and Neuroimaging is an
important contribution to this effort. Using a double-blind,
placebo-controlled experimental design, the authors examined
the effect of approximately 48 hours of working memory–
focused cognitive remediation training (REM) and computer
skills training (CST) (“placebo” group) on thalamocortical
functional connectivity measured using functional magnetic
resonance imaging during the resting state and performance
of an n-back working memory task. They found that thalamic
connectivity with the middle frontal gyrus and anterior cingulate cortex improved signiﬁcantly in the REM group compared
with the CST group. Enhanced functional connectivity was
detected during both resting-state and n-back working memory conditions. Moreover, within the REM group, enhanced
prefrontal cortex (PFC)-thalamic connectivity correlated with
improved cognition, as measured with the MATRICS Consensus Cognitive Battery, and negatively correlated with
baseline cognitive performance, indicating that individuals with
lower cognitive function at baseline exhibited greater improvement in functional connectivity.
The ﬁndings by Ramsay et al. (1) add to a growing literature
implicating thalamocortical circuitry in the neuropathology of
psychotic disorders and manifestation of cognitive impairment. The authors’ rationale for examining the effect of REM
on thalamocortical functional connectivity is based on the
premise that thalamocortical circuits are 1) abnormal in
schizophrenia and 2) related to the mechanisms of normal
cognitive function and impaired cognition in schizophrenia. I
explore these assumptions in this commentary, as closer
inspection reveals important methodological issues and critical knowledge gaps that remain to be addressed.
The hypothesis that thalamocortical functional connectivity
is abnormal in schizophrenia is well supported. Resting-state
functional magnetic resonance imaging studies consistently
ﬁnd a combination of reduced PFC-thalamic connectivity and
increased sensorimotor-thalamic connectivity in schizophrenia
(2). This consistency, however, belies an important methodological hurdle to studies of thalamocortical connectivity. The
ﬁrst step in any connectivity analysis is to deﬁne the network

or networks of interest. The “seed-based” approach that
Ramsay et al. (1) used entails selecting a brain region (i.e.,
“seed”) and calculating connectivity of the seed with either the
rest of the brain or a region of interest, such as the PFC. In the
case of thalamocortical connectivity, seed selection is complicated by the fact that the thalamus is a heterogeneous
structure composed of several nuclei groups with distinct
inputs and cortical connections that form parallel, largely
segregated circuits. For example, the mediodorsal nucleus is
densely interconnected to the PFC and critical for executive
cognitive functions, whereas sensory relay nuclei, such as the
lateral and medial geniculate nuclei, are connected almost
exclusively to primary sensory cortices and critical for visual
and auditory perception, respectively. Ramsay et al. chose to
average the BOLD signal from the whole thalamus and
calculate functional connectivity of the thalamus mean blood
oxygen level–dependent (BOLD) signal with voxels in the
middle frontal gyrus and anterior cingulate cortex regions of
interest. Their decision to use the whole thalamus as a seed
precludes an analysis of speciﬁc thalamocortical networks;
this is a signiﬁcant drawback given that their study is focused
speciﬁcally on cognitive function and thalamic networks
supporting working memory. The authors readily acknowledge
this limitation. The reason why they chose this method is
simple: the alternative approach, examining connectivity of
speciﬁc thalamic nuclei, is difﬁcult to implement. Commonly
used structural neuroimaging scans lack the contrast to
demarcate the boundaries of thalamic nuclei and/or the
resolution to resolve smaller nuclei. Probabilistic diffusion
tractography has been used to parcel the thalamus into
subregions that correspond to speciﬁc nuclei groups (3). While
an improvement over approaches that use the whole thalamus
as a seed, connectivity-based segmentation of the thalamus is
an indirect method for localizing thalamic nuclei. Ideally,
speciﬁc nuclei could be directly visualized at the individual
subject level. Signiﬁcant progress has been made in developing novel anatomical imaging sequences capable of resolving
individual nuclei (4). Such methods will be useful in the future
for further clarifying the anatomy of thalamic dysconnectivity in
schizophrenia and assessing the impact of behavioral and
pharmacological interventions on speciﬁc thalamocortical networks (4).
The second premise of Ramsay et al. (1) that thalamocortical circuitry is critical for normal cognitive function and
relevant to the mechanisms of cognitive impairment in schizophrenia is, broadly speaking, also well supported. Lesions to
higher order nuclei, such as the mediodorsal nucleus, that are
connected to association cortical areas impair cognition, and
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human neuroimaging has established that the thalamus is part
of a superordinate PFC-cingulo-parietal “executive control”
network that supports working memory and executive functions (5,6). Similarly, a meta-analysis of task-based functional
imaging studies concluded that schizophrenia is associated
with reduced activity in the thalamus during performance of
executive function tasks (7). However, the relevance of BOLD
functional connectivity to cognitive function is not nearly as
well understood. It is often assumed that functional connectivity, measured during either resting state or task performance, is essential to cognition and that impaired cognition in
schizophrenia is a consequence of dysconnectivity. However,
data supporting these assumptions are surprisingly sparse.
For example, relatively little is known about the relationship
between individual differences in thalamocortical connectivity
and executive cognitive abilities.
It is tempting to extrapolate ﬁndings from animal models
linking PFC-mediodorsal nucleus beta-frequency coupling to
the mechanisms of working memory to human functional
imaging (8). However, we must “mind the translational gap”
when doing so. The correspondence between functional
coupling measured directly with intracerebral recordings and
functional connectivity inferred based on the BOLD response
is not completely understood. Uncovering the causal links
between functional connectivity and cognition (for example, by
examining the effects of repetitive transcranial magnetic
stimulation–induced “virtual lesions” on connectivity and cognition) and determining if individual differences in connectivity
biomarkers are associated with cognitive function will help
clarify the relevance of functional connectivity to cognitive
ability and cognitive impairment in schizophrenia. Critically,
the fact that BOLD resting-state networks are conserved
across species suggests that resting-state functional magnetic resonance imaging may be a useful translational tool for
deﬁning the mechanisms of normal and impaired cognition (9).
Thus, while the results of Ramsay et al. ﬁt nicely with animal
studies, especially the ﬁnding that REM-induced change in
connectivity correlates with improved cognitive function, more
work is needed to determine if thalamocortical dysconnectivity
is a useful biomarker of impaired cognition and/or treatment
target for procognitive interventions.
Finally, I close this commentary with a brief discussion on
the broader topic of REM clinical trials. There is considerable
debate regarding the effectiveness of REM. A recent review of
the literature on drill and practice “brain training” programs,
such as those used by Ramsay et al. (1), concluded that 1)
while there is abundant evidence that REM improves performance on the trained tasks, there is little evidence that training
transfers to unrelated tasks, and 2) REM studies suffer from
serious methodological limitations, including small sample
sizes, open-label designs, and lack of “active” placebo condition (10). Encouragingly, Ramsay et al. show that cognitive
improvements observed with REM working memory training
extend beyond working memory–speciﬁc tasks included in the
MATRICS Consensus Cognitive Battery, suggesting transfer
of training effects. However, the selection of the appropriate
placebo condition is especially important in REM trials and
remains an area of debate. The ideal placebo condition should
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control for extraneous factors so that the “special sauce” of
the treatment condition can be isolated. For behavioral interventions such as REM, this includes controlling for participant
contact, expectation effects, and nonspeciﬁc improvements
associated with drill and practice (e.g., nonspeciﬁc improvements in processing speed and arousal). CST, such as that
used by Ramsay et al., is commonly employed as a placebo
control condition in REM studies. This raises the question: Is
CST a good control condition for testing the efﬁcacy of REM?
CST likely controls for patient contact. However, it is not clear
if it controls for expectation effects and general improvements
in arousal and processing speed associated with drill and
practice training programs. One solution to these issues may
be to use comparative effectiveness designs that compare
similar REM training programs that differ in the cognitive skills
and putative neural circuits they ostensibly target (for example,
comparing auditory vs. visual system training).
In summary, the study by Ramsay et al. represents an
important and exciting early step in determining the impact of
REM interventions on neural circuits in schizophrenia. Further
work is needed, however, to reﬁne the anatomical speciﬁcity
of thalamic circuit abnormalities in schizophrenia and determine if thalamocortical connectivity is a useful biomarker of
cognitive impairment and neural target of procognitive
interventions.
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