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Abstract

Targeted cognitive training (TCT) has been reported to improve verbal learning deficits in patients 

with schizophrenia (SZ). Despite positive findings, it is not clear whether demographic factors and 

clinical characteristics contribute to the success of TCT on an individual basis. Medication-

associated anticholinergic burden has been shown to impact TCT-associated verbal learning gains 

in SZ outpatients, but the role of anticholinergic medication burden on TCT gains in treatment 

refractory SZ patients has not been described. In this study, SZ patients mandated to a locked 

residential rehabilitation center were randomized to treatment as usual (TAU; n = 22) or a course 

of TAU augmented with TCT (n = 24). Anticholinergic medication burden was calculated from 

medication data at baseline and follow-up using the Anticholinergic Cognitive Burden (ACB) 

Scale. MATRICS Consensus Cognitive Battery Verbal Learning domain scores were used as the 

primary outcome variable. The TAU and TCT groups were matched in ACB at baseline and 

follow-up. While baseline ACB was not associated with verbal learning in either group, increases 

in ACB over the course of the study were significantly associated with deterioration of verbal 

learning in the TAU group (r = −0.51, p = 0.02). This was not seen in subjects randomized to TCT 

(r = −0.13, p = 0.62). Our results suggest that TCT may blunt anticholinergic medication burden 

associated reduction in verbal learning in severely disabled SZ inpatients.
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1. Introduction

Several randomized controlled clinical trials have demonstrated that computerized auditory-

based targeted cognitive training (TCT) interventions enhance verbal learning in 

schizophrenia (SZ) (Biagianti et al., 2017a; Biagianti et al., 2016; Biagianti et al., 2017b; 

Dale et al., 2016; Fisher et al., 2016; Fisher et al., 2009; Fisher et al., 2010; Fisher et al., 

2015; Nahum et al., 2014; Ramsay et al., 2018; Schlosser et al., 2017; Subramaniam et al., 

2012; Subramaniam et al., 2014; Vinogradov et al., 2012). TCT consists of a suite of 

auditory-based exercises usually delivered in 20–40 1 h sessions, and is thought to improve 

verbal learning by enhancing the fidelity of low-level auditory information processing in a 

“bottom up” manner (Adcock et al., 2009). As impaired verbal learning is a robust predictor 

of psychosocial disability and currently approved medications for SZ do not meaningfully 

target verbal learning deficits, TCT is regarded as a promising intervention for SZ patients 

(Rajji et al., 2014; Revell et al., 2015). Despite these encouraging results, not all SZ patients 

benefit from this time and resource intensive treatment. In fact, up to 40% of SZ patients fail 

to show meaningful cognitive gains after a full course of TCT, even with up to 100 h of 

training (Biagianti et al., 2016; Fisher et al., 2010; Thomas et al., 2018). Identifying patient 

characteristics that affect therapeutic response thus remains an important next-step for more 

widespread implementation of TCT in real-world clinical settings.

Previous studies have demonstrated that anticholinergic medication burden both contributes 

to cognitive decline and may blunt the effectiveness of TCT in SZ (Minzenberg et al., 2004; 

Vinogradov et al., 2009). In one of the few studies assessing anticholinergic burden on TCT 

performance, Vinogradov and colleagues found that serum anticholinergic burden in stable 

SZ outpatients was negatively associated with TCT gains over the course of treatment 

(Vinogradov et al., 2009). Chronic exposure to anticholinergic medications is common, and 

is linked to cognitive impairment not only in SZ, but in other illnesses such as Alzheimer’s 

disease (Brebion et al., 2004; Drimer et al., 2004; Gray et al., 2015; McGurk et al., 2004; 

Pristed et al., 2017; Strauss et al., 1990; Su et al., 2017; Veselinovic et al., 2015; Xiang et al., 

2013; Xiang et al., 2011). Indeed, cholinergic signaling from the basal forebrain throughout 

the cerebral cortex is critical for a number of different cognitive processes, including verbal 

learning (Demeter and Sarter, 2013; Duzel et al., 2010; Peter et al., 2016; Wallace and 

Bertrand, 2013). These cholinergic projections are thought to be active in brain 

neuroplasticity and detection of salient stimuli in bottom-up sensory processing, both of 

which are thought to underlie TCT-associated gains in SZ (Froemke et al., 2007; Kilgard and 

Merzenich, 1998; Kuo et al., 2007; Leanza et al., 1996; McGaughy et al., 2002; Risbrough et 

al., 2002; Sarter et al., 2005).

The aim of the present study was to assess the role of anticholinergic load on TCT treatment 

effects in a cohort of SZ patients who were mandated to long-term, inpatient care at a non-

academic community treatment center. Studying this patient population allows a unique 

opportunity to assess how TCT can be implemented in real-world settings, especially in 

patients who typically are more severely disabled, have a longer illness duration, and may be 

exposed to a greater number of psychotropic medications with potential for anticholinergic 

properties. More broadly, we chose to study such an impaired SZ population as this 
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presented an opportunity to test a bias in the field that more severely impaired patients may 

not be able to benefit from TCT (Thomas et al., 2018).

In the present study, the Anticholinergic Cognitive Burden Scale (ACB) was used to 

calculate the overall anticholinergic medication burden from medication records. The ACB 

has been widely used in multiple contexts to determine the longitudinal cognitive impact of 

anticholinergic medications (Cai et al., 2013; Campbell et al., 2010; Campbell et al., 2016; 

Fox et al., 2011; Kolanowski et al., 2009). Recent analyses by Tsoutsoulas and colleagues 

have found even modest exposure to anticholinergics as calculated by the ACB is associated 

with cognitive impairment in SZ patients (Tsoutsoulas et al., 2017). We have previously 

reported that patients randomized to a ~30 h course of TCT in this cohort significantly 

improved verbal learning relative to a matched treatment as usual (TAU) group (Thomas et 

al., 2018). Based on Vinogradov et al., 2009, and the above supporting literature, we 

investigated the impact of anticholinergic medication burden on cognitive gains produced by 

TCT with the following hypotheses in mind: 1) greater anticholinergic medication burden 

would be associated with poorer verbal learning across all SZ subjects, and 2) higher levels 

of anticholinergic burden would be associated with attenuated TCT-associated gains in 

verbal learning gains as previously reported.

2. Materials and methods

2.1. Participants

Participants, study design, and intervention (summarized below) are described in Thomas et 

al., 2018. Below, we provide a brief overview of the participants, design and intervention 

previously reported. Subjects with chronic psychosis (N = 46) who were court mandated to 

reside in a non-academic residential treatment program were enrolled in this study. All 

participants were under conservatorship (i.e., public guardianship) by San Diego or Los 

Angeles counties, or by a private party, due to being gravely disabled due to mental illness—

unable to provide food, water, and/or shelter due to the severity of their symptoms. This 

community-based residential program serves a transitional role, bridging acute crisis and 

independent living, with patients undergoing phased community reintegration. Patients 

typically stay approximately 6 months before being able to discharge to a lower level of care 

(i.e., a board and care).

2.2. Design

Subjects were randomized to treatment as usual (TAU, n = 22) or treatment as usual with 

TCT (TCT, n = 24). Randomization was stratified by sex, age and ethnicity. Subjects had to 

meet formal diagnostic criteria for schizophrenia or schizoaffective disorder based on an 

abbreviated Structured Clinical Interview for DSM-IV-TR (First et al., 2002). Subjects were 

initially considered for eligibility by their treatment team who were blinded to the study and 

after subjects indicated interest, written informed consent was obtained with subsequent 

written approvals ultimately granted from public guardians/conservators before initiating 

any study activities. The Institutional Review Board of University of California, San Diego 

approved all experimental procedures (IRB#130874). As reported previously (Thomas et al., 
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2018), 8 participants randomized to the TCT group and 2 assigned to TAU group did not 

complete the study; however, the completion rate did not significantly differ between groups.

2.3. Intervention

Participants randomized to the TAU group received their usual care and study assessments 

only. Participants randomized to TAU with TCT additionally completed 1 h of training per 

day, 3 to 5 days a week for up to 40 h. TCT was administered using laptops with headphones 

with exercises from the BrainHQ suite from Posit Science Corporation (Posit Science, 

2016). Exercises applied an n-up/m-down algorithm to participant responses to estimate 

threshold, allowing participants to be continuously challenged at approximately 80% 

criterion accuracy throughout training.

2.4. Outcome measures

Age and gender corrected T-scores from the MATRICS Consensus Cognitive Battery 

(MCCB; (Nuechterlein et al., 2008) verbal learning scale was used as the primary cognitive 

outcome variable. Medication data was collected for all subjects from electronic medication 

records. The Anticholinergic Cognitive Burden scale (ACB) was used to quantify 

anticholinergic medication burden. The ACB is a validated expert-based list of medications 

with significant anticholinergic properties (Cai et al., 2013; Campbell et al., 2010; Campbell 

et al., 2016; Fox et al., 2011; Kolanowski et al., 2009). All medications were assigned a 

number on a 4-point Likert-type scale based on the ACB ranging from 0 for no 

anticholinergic activity to 3 for definite anticholinergic activity. ACB was calculated for each 

subject both at baseline as well as the end of treatment by summing the ratings from all 

medications administered on the day of assessment. For further analysis of what medication 

classes contributed to the overall ACB score, we separated medications into antipsychotics, 

non-antipsychotic psychotropics, and non-psychotropic medications, which are shown in 

Supplemental Table 1.

2.5. Analyses

Inferential tests of group differences were based on t-tests and ANOVA. Relationships 

between ACB and MCCB verbal learning were examined using Pearson correlation 

coefficients. For all statistical comparisons, an alpha of 0.05 was used for determining 

significance.

3. Results

Demographic characteristics, clinical symptoms, CPZs, days to follow-up assessment and 

training hours are reported in Table 1 (see also, Thomas et al., 2018). TAU and TCT groups 

did not differ on any of the baseline demographic variables (age, gender, race, education, 

illness duration). TAU and TCT groups also had similar levels of positive and negative 

symptoms as assessed by SAPS and SANS, similar antipsychotic load, and similar baseline 

cognitive function. TCT produced significant improvement on MCCB verbal learning t-

scores with a moderately large effect size (TAU, baseline = 33.09 ± 6.09; TAU, follow-up = 

33.75 ± 3.99; TCT, baseline = 32.75 ± 6.19; TCT, follow-up = 37.62 ± 6.18; b = 4.13, SE = 

1.86, df = 33.22, t = 2.21, d = 0.65).
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Both TAU and TCT groups had similar ACB ratings at baseline (TAU = 5.50 ± 2.98; TCT = 

5.06 ± 2.83) and follow up (TAU = 6.0 ± 3.28; TCT = 4.56 ± 2.22) with no significant group 

(F = 1.09, p = 0.34), time (F = 0.00, p = 1.0) or group x time interaction (F = 1.87, p = 

0.180). As shown in Fig. 1, in both TAU and TCT groups, the major contribution to the 

overall anticholinergic burden was due to antipsychotic medications and non-antipsychotic 

psychotropic medications.

In contrast to expectations, baseline ACB scores were not significantly correlated with 

baseline verbal learning (r = − 0.10, p = 0.57) at the group level prior to randomization. ACB 

scores at follow up were also not significantly correlated with verbal learning (TAU, r = 

−0.28, p = 0.24; TCT, r = 0.11, p = 0.67). Changes in ACB over the course of the study, 

however, were negatively correlated with changes in verbal learning t-scores in the TAU 

group such that an increase in ACB over the course of the study was associated with reduced 

verbal learning (TAU, r = −0.51, p = 0.02; Fig. 2). This relationship was not seen in the TCT 

group (r = −0.13, p = 0.62).

We further investigated the relationship between antipsychotic load, verbal learning and 

ACB score. We did not find significant correlations between verbal learning and 

antipsychotic load (r = −0.11, p = 0.50) at baseline. At the end of the study, verbal learning 

and antipsychotic load were not correlated in either TAU (r = −0.003, p = 0.99) or TCT (r = 

−0.12, p = 0.65). Change in antipsychotic load did not correlate with change in verbal 

learning in either TAU (r = −0.19, p = 0.47) or TCT (r = 0.053, p = 0.85). Partial correlation 

analyses between ACB score and change in verbal learning adjusting for antipsychotic load 

was not significant in subjects at baseline (r = −0.042, p = 0.82) nor at follow up in either 

TAU (r = −0.48, p = 0.06) or TCT (r = 0.93, p = 0.74) groups.

4. Discussion

The impact of anticholinergic medication burden on treatment effects of TCT was examined 

in a cohort of treatment-refractory SZ patients mandated to locked inpatient care. We 

hypothesized that higher baseline anticholinergic medication burden, as measured by ACB, 

would be associated with poorer baseline cognition and that higher anticholinergic burden 

would be associated with reduced TCT gains. In contrast to our expectations, anticholinergic 

medication burden was not significantly associated with verbal learning at baseline or follow 

up, but increases in ACB over the course of the study were significantly associated with a 

decline in verbal learning in the TAU, but not TCT group.

High anticholinergic burden has been repeatedly linked with cognitive impairment, 

increasing risk for dementing illnesses in non-SZ populations, and has also been recently 

linked to cognitive deficits in SZ patients in a pattern which resembles early Alzheimer’s 

disease (Eum et al., 2017; O’Reilly et al., 2016; Tsoutsoulas et al., 2017). Since 

neurocognitive impairment in SZ can be present in both prodromal and early illness patients, 

and strongly predicts functional outcomes, additional cognitive impairment imparted by a 

high anticholinergic load could further jeopardize the potential success of pro-cognitive 

interventions (Kremen et al., 1994; Revheim et al., 2014; Thomas et al., 2017; Wallace and 

Bertrand, 2013; Welsh et al., 2018; Zheng et al., 2018). Consistent with the extant literature 
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described above, we found that subjects in the TAU group who experienced an increase in 

ACB over the course of our study had reduction in their verbal learning t-scores. Solutions to 

blunt such cognitive impairment in older adults have largely been to either de-prescribe 

medications with high anticholinergic burden when possible, or transition to alternate 

medications with fewer anticholinergic properties for the same indication. However, in the 

case of chronic psychotic illnesses like schizophrenia, a large portion of the anticholinergic 

burden is related to antipsychotics and other psychotropics which are necessary to avoid 

disability stemming from psychosis. De-prescribing antipsychotics carries substantial risk of 

decompensation, and, often SZ patients may not benefit from changing to alternative 

antipsychotics and psychotropics due to the complexities of treatment response from such 

medications even if they are mechanistically similar. Other methods to reduce the cognitive 

burden of anticholinergics include cholinergic system-based cognitive enhancers (i.e., 

acetylcholinesterase inhibitors) or other strategies (i.e., nicotine supplementation via 

nicotine patches), but these are currently not approved for patients with chronic psychoses 

for this purpose, have had inconsistent effectiveness in previous studies assessing their pro-

cognitive benefits in SZ (Erickson et al., 2005), and have the potential for significant side 

effects or unwanted reactions. In this context, using TCT to potentially blunt high 

anticholinergic medication burden-associated cognitive impairment could present a novel 

therapeutic approach to improve functional outcomes in SZ. Intriguingly, the present data 

implies that participation in TCT may protect against cognitive decline associated with very 

high anticholinergic load.

These results differ somewhat from those previously reported by Vinogradov and colleagues 

who reported a negative correlation between baseline serum anticholinergic activity as 

measured by radioimmunoassay and TCT performance in a group of SZ patients 

(Vinogradov et al., 2009). This discrepancy may be due to differences in the patient 

characteristics and assessment methods for anticholinergic burden. First, it is noteworthy 

that the present study enrolled severely disabled SZ inpatients with refractory illness while 

Vinogradov and colleagues reported on chronically ill, but stable outpatients. Indeed, all 

patients in our cohort met the legal criteria of grave disability and were unable to maintain 

independently in the community to the point of requiring guardianship/permanent 

conservatorship and inpatient residential level of care.

Second, the average ACB load in our study participants was substantially higher than studies 

of other SZ populations. It is possible that our failure to detect relationships between 

baseline cognition and anticholinergic medication burden as reported by Vinogradov and 

Fisher may be due to a floor effect on cognition induced by a high anticholinergic 

medication burden in our cohort of disabled patients (Fisher et al., 2009; Vinogradov et al., 

2009). Indeed, mean ACB scores in chronically stable community dwelling SZ outpatients 

have been described to be between 2 and 3 (Tsoutsoulas et al., 2017). In forensic inpatient 

settings the average ACB score in patients with chronic psychosis has been reported to be 

between 4 and 5 (O’Reilly et al., 2016). Given that our participant group was mandated to 

locked-inpatient care—although not in a forensic setting—the ACB values we observed are 

not surprising. It is interesting to note, however, that an ACB score of 1.5 is a sensitive 

cutoff for predicting cognitive impairment in older patients with SZ, and large longitudinal 

studies in non-SZ older adults have found that being exposed to drugs with strong 
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anticholinergic properties (i.e., an ACB of 2 or above) is associated with a greater decline in 

cognition over time (Campbell et al., 2018; Campbell et al., 2016; Tsoutsoulas et al., 2017). 

Similarly, the antipsychotic load as measured by chlorpromazine equivalents in our study 

approximates those described in patients requiring a state-hospital-level of care, double what 

is seen in most studies of chronically stable SZ outpatients (Diaz and De Leon, 2002), 

including previous studies of TCT in SZ (Fisher et al., 2009; Vinogradov et al., 2009).

Third, perhaps consequently, while both Vinogradov et al. and our study enrolled SZ patients 

with similar levels of verbal learning impairment (~ 2 standard deviations below the 

population mean), the patients in the current report had a greater global cognitive 

impairment by nearly an additional standard deviation. It is possible that in such a severely-

impaired population that anticholinergic effects may affect TCT performance differently 

than those with lower levels of baseline cognitive deficit. However, it should be noted that it 

is not clear whether such differences in baseline cognition reflect inherent impairment in our 

subjects or other contextual factors (e.g., Thomas et al., 2017).

Notably, Vinogradov and colleagues utilized a blood-based measure of anticholinergic 

activity, while the present study relied upon a well-validated clinical scale. While both 

serum-based and scale-based studies have repeatedly demonstrated that high anticholinergic 

load is associated with cognitive impairment in SZ as well as other illnesses, both types of 

assessments have strengths and limitations (Mayer et al., 2016). Serum-based measures of 

anticholinergic load are unbiased and can account for anticholinergic activity that might be 

otherwise missed using drug scales. This is particularly relevant for those medications which 

have limited data or are newly approved or are not typically thought to have anticholinergic 

effects—such methods can also take into account individual differences in basal cholinergic 

tone in subjects. However, peripheral assessment of anticholinergic activity may not 

accurately represent concentrations of brain levels of anticholinergic medications, and serum 

anticholinergic activity has been shown to be affected by acute stressors and endogenous 

hormones (Hachisu et al., 2015; Plaschke et al., 2010; Sulon et al., 1978; Todorova et al., 

2001). In contrast, drug scales have the benefit of being empirically derived from 

longitudinal data on cognitive outcomes and are low-cost and easy to administer in real-

world settings where additional blood draws might not be readily feasible. Unfortunately, 

however, such scales may assign differing anticholinergic risk to the same drug, generally 

fail to account for dose effects, and presume that anticholinergic effects can be summed in a 

linear fashion potentially ignoring complex pharmacology (Naples et al., 2015; Welsh et al., 

2018). To the extent that anticholinergic load—regardless of how it is measured—impacts 

potential TCT gains, and that TCT could inform and facilitate a future comprehensive 

neurorehabilitation strategy in SZ, it is likely that scales like ACB could be useful.

The results of this study should be interpreted with other limitations in mind. Due to the 

severity of functional impairment in our subjects, the present findings may not generalize to 

less severely impaired SZ patients. While the efficacy of TCT in SZ outpatients has already 

been established in carefully controlled trials, the current trial was designed to determine the 

feasibility and effectiveness of delivering TCT in this more severely impaired cohort of 

patients who were mandated to longer-term inpatient treatment. We were not able to follow 

up with patients beyond the end of the course of TCT—thus, we are not able to describe 
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whether anticholinergic burden may affect functional outcomes in a durable way. More 

broadly, despite the encouraging overall findings of beneficial effects of TCT on verbal 

learning, additional studies are required to determine which individual patient characteristics 

or biomarkers predict individual patient response to this and other treatments (Hochberger et 

al., 2018). Since to date, demographic, clinical, or other cognitive features at baseline fail to 

predict benefit to TCT or other pro-cognitive therapeutics, and in light of the results 

presented, the role of anticholinergic burden in the effectiveness of TCT warrants further 

study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Anticholinergic burden in TAU and TCT groups. Bar graph represents sum total of ACB 

scores from antipsychotics, non-antipsychotic psychotropics and non-psychotropic 

medications in both groups. Table reports mean (standard deviation).
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Fig. 2. 
Relationship between change in verbal learning and ACB score in SZ patients undergoing 

targeted cognitive training. Change in anticholinergic burden between baseline and end of 

study was correlated negatively with gains in verbal learning in SZ patients in the treatment 

as usual group (TAU), but not in those who received targeted cognitive training (TCT). An 

increase in ACB score between baseline and end of study was associated with worsening 

verbal learning scores in the TAU but not in the TCT group.
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Table 1

Demographic and clinical characteristics. Means +/− standard deviations are given where applicable. TAU = 

treatment as usual group. TCT = targeted cognitive training. SAPS = Scale for the Assessment of Positive 

Symptoms. SANS = Scale for the Assessment of Negative Symptoms.

TAU TCT p

Sample size 22 24 0.75

Age 35.73 (13.00) 34.54 (12.13) 0.55

Gender: Males 9 (41% 13 (54%) 0.61

Hispanic 6 (27%) 4 (17%)

Race

 African American 3 (14%) 5 (21%) 0.51

 Asian 2 (9%) 1 (4%)

 Caucasian 12 (55%) 13 (54%)

 More than one race 5 (23%) 3 (12%)

 Native American 0 (0%) 2 (8%)

Education 11.95 (2.17) 11.71 (1.99) 0.69

Illness duration 15.23 (12.78) 16.12 (13.67) 0.82

Chlorpromazine equivalents 982.534 (758.10) 1329.42 (972.78) 0.82

SAPS 5.36 (5.02) 6.46 (4.26) 0.62

SANS 13.09 (3.41) 12.96 (4.19) 0.22

Days to follow-up 99.30 (24.26) 89.44 (19.79) 0.2

Hours of training 27.97 (10.20)
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