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Background: The Brief Assessment of Cognition in Schizophrenia (BACS) is an evaluation of 

cognitive function that can be completed with more cases. However, there are few studies that 

compare which factor, disease or aging, is a better determinant of performance on the BACS. 

The present study aimed to investigate the influences of disease and aging on BACS performance 

in schizophrenic patients using subjects with a wide range of ages.

Methods: Schizophrenic patients (n = 165) and a comparison group (n = 171) were recruited 

as subjects. All participants completed the Japanese language version of the BACS (BACS-J), 

and the influences of disease and aging on performance in the BACS were examined with the 

use of multiple regression analysis.

Results: There was a significant influence of diagnosis and level of education on all six tasks 

of the BACS and the performance and composite scores. In addition, age was found to influ-

ence five tasks and the composite score, the duration of illness influenced four tasks and the 

composite score, and gender influenced one task and the composite score.

Conclusion: The present study suggests that performance on the BACS was impaired not only 

by disease but also by level of education and aging.
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Background
Cognitive impairments in schizophrenic patients can make it difficult to have a daily 

life or social rehabilitation because the impairment persists even after improvement 

of psychotic symptoms. Patients with chronic schizophrenia especially demonstrate 

impairments that range between one and a half to two standard deviations below 

healthy controls on verbal memory, working memory, motor speed, attention, executive 

functions, and verbal fluency.1

Many studies have investigated factors that influence cognitive function. Several 

studies have reported on the influence of aging on cognitive functions in schizophrenic 

patients.2,3 Furthermore, Bozikas et al and Sugawara et al reported an age related 

cognitive decline in healthy population by examination of the Clock Drawing Test 

(CDT).4,5 Previously, we investigated which factor, disease or aging, is a better deter-

minant of cognitive function in schizophrenic patients using the CDT and reported 

that cognitive function is impaired not only by disease but also by aging.6

The Brief Assessment of Cognition in Schizophrenia (BACS) is an evaluation of 

cognitive function for schizophrenic patients that consists of six tests: verbal memory, 
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working memory, motor speed, verbal fluency, attention, and 

executive function.1 The BACS is fully portable, and the 

time required for testing is only approximately 30 minutes 

with minimal extra time for scoring and training demands.7 

Therefore it has fewer burdens, and it is possible to com-

plete the test in more cases, compared to the MATRICS 

consensus cognitive Battery.8 There are many studies that 

have compared BACS score before and after medication of 

antipsychotics.9–11 However, there are few studies that have 

investigated which factor, disease or aging, is a better deter-

minant of cognitive function in schizophrenic patients using 

the BACS. Therefore the present study aimed to investigate 

the influences of disease and aging on BACS performance 

in schizophrenic patients using subjects with a wide range 

of ages.

Methods
Participants
A total of 222 schizophrenic patients who were diagnosed 

according to the Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition (DSM-IV)12 and received medica-

tion as outpatients (n = 78) or inpatients (n = 144) were 

recruited from the Hospital of Hirosaki University School of 

Medicine (n = 99), Hirosaki-Aiseikai Hospital (n = 113), and 

Kuroishi-Akebono Hospital (n = 10). Of these 222 patients, 

74 patients failed to complete all examinations or demon-

strate an appropriate intelligence level; hence, 148 patients 

completed the study.

We also recruited 150 premorbid intelligence-level-

matched healthy individuals as a comparison group. They 

had no psychiatric history or current psychiatric complaints. 

The majority of the comparison group was employed as 

medical staff, such as a nurse, nursing assistant, dietician, 

occupational therapist, or psychiatric social worker at 

Hirosaki-Aiseikai Hospital and Kuroishi-Akebono Hospital. 

The characteristics of the two groups are shown in Table 1. 

There were significant differences between patients and 

comparison subjects with regard to age, level of education, 

and gender ratio. The mean age of patients was significantly 

higher than that of the comparisons. The level of education 

of the comparisons was significantly higher than that of the 

patients.

The data collection for this study was approved by 

the Ethics Committee of Hirosaki University School of 

Medicine, and all subjects provided written informed consent 

before participating.

Procedure
The Japanese version of the National Adult Reading Test 

(JART)13 was also given to all subjects for the purpose to 

exclude mental retardation. The JART, standardized by 

Matsuoka et al, reflects premorbid IQs in Japanese patients 

with schizophrenia.14

Statistical analysis
Differences in characteristics between the schizophrenic 

patients and the comparison group were analyzed using 

t-tests and Chi-square tests. A multiple regression analysis 

of the possible correlations between the six tasks of the 

BACS-J (verbal memory, working memory, motor speed, 

attention, verbal fluency, and executive function) or the 

composite score and the clinical variables were performed 

for each group and all subjects. In the comparison group 

analysis, the six tasks and the composite score of the BACS-

J were set as the dependent variables, whereas diagnosis, 

age, gender, and level of education were set as the inde-

pendent variables. For the analyses of the patient group 

and all subjects, the six tasks and the composite score of 

the BACS-J were set as the dependent variables, whereas 

diagnosis, age, gender, level of education, and duration of 

illness were set as the independent variables. A P-value 

of ,0.05 was considered statistically significant. All analy-

ses were performed using SPSS 17.0J for Windows (IBM 

Corporation, Armonk, NY, USA).

Table 1 Characteristics of comparison group and schizophrenic subjects

Comparison 
(n = 150)

Schizophrenia 
(n = 148)

Significances

Age (years) 36.6 ± 11.5 (20–64) 40.0 ± 14.0 (20–77) t296 = -2.230, P , 0.05a

Sex (male/female) 39/111 65/83 x2(1) = 10.528, P , 0.01b

Level of education (years) 13.9 ± 2.1 (9–19) 12.6 ± 1.8 (7–17) t286 = 5.585, P , 0.001a

Level of premorbid intelligence 99.9 ± 7.5 99.9 ± 8.1 t296 = 0.046, P = 0.963a

Age of onset – 27.1 ± 10.7 (12–64)
Duration of illness (years) – 13.0 ± 12.9 (0–56) –
Duration of treatment (years) – 11.1 ± 12.8 (0–56) –

Notes: Data show mean ± standard deviation (range). at-test was used; bChi-square test was used.
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Results
The mean ± standard deviation of the BACS score for all 

subjects is shown in Table 2. Z-scores, standardized BACS 

results, whereby the mean of comparison was set to zero 

and the standard deviation set to one were also shown in 

Table 2.

Table 3 shows the result of the multiple regression 

analysis for each group. For the comparison group, age 

was found to influence five tasks of the BACS (verbal 

memory, working memory, attention, verbal fluency, and 

executive function) and the composite score. The level of 

education influenced two tasks (verbal memory and motor 

speed) and the composite score; and gender influenced 

only the executive function task. For the schizophrenic 

patient group, the duration of illness influenced four tasks 

(working memory, motor speed, attention, and executive 

function) and the composite score. In addition, patient 

age influenced three tasks (attention, verbal fluency, and 

executive function) and the composite score; the level of 

education influenced two tasks (attention and verbal flu-

ency) and the composite score; and gender influenced only 

the executive function task. Table 4 shows the results of 

the multiple regression analysis for all subjects, in which 

disease was found to influence all six tasks of performance 

and the composite score. In addition, age influenced five 

tasks (verbal memory, working memory, attention, verbal 

fluency, and executive function) and the composite score; 

and the level of education influenced four tasks (verbal 

memory, motor speed, attention, and verbal fluency) and 

the composite score. The duration of illness also influenced 

four tasks (working memory, motor speed, attention, and 

executive function) and the composite score; and gender 

influenced two tasks (working memory and executive 

function) and the composite score.

Discussion
The present study sought to investigate the influences of dis-

ease and aging on performance on the BACS in schizophrenic 

patients. The results of the multiple regression analysis of 

all subjects indicated that almost all BACS performance 

components were attributable not only to disease but also 

aging, level of education, and duration of illness.

The results from the multiple regression analysis of the 

comparison group showed that age was the strongest factor 

influencing almost all BACS tasks and the composite score 

(Table 3). On the other hand, the results from the patient group 

analysis indicated that the influence of the duration of illness 

was stronger than that of age for many BACS tasks and the 

composite score and that the influence of age was diminished. 

Furthermore, the standardized regression coefficients of 

the diagnosis for the analysis of all subjects were large for 

almost all BACS tasks and the composite score (Table 4). 

These results suggest that BACS performance among 

schizophrenic patients is more strongly influenced by disease 

than age. The BACS is commonly used to assess aspects 

of cognition found to be most impaired and most strongly 

correlated with prognosis in patients with schizophrenia.1 

Accordingly, our results indicate that the BACS can serve as 

a specific assessment tool for the analysis of schizophrenia 

in a Japanese sample population.

However, the present study found that almost all BACS 

performance tasks and the composite scores of patients 

with higher levels of education and a younger age were 

superior to those of subjects with lower education levels 

and an older age, and these results are inconsistent with 

those of a previous study. In particular, Kishi et al reported 

no influence of age and education level on many aspects 

of cognitive function, but did detect an influence for the 

Positive and Negative Syndrome Scale (PANSS) composite 

score and three tasks of the BACS (verbal memory, working 

memory, and executive function).15 However, the relationship 

between cognitive function and age and level of education 

Table 2 The mean ± SD of the BACS for all subjects

BACS Mean of raw scorea Mean of z-scorea,b

Verbal memory
 Sz 30.2 ± 12.4 -1.67 ± 1.28
 Comp 46.2 ± 9.8 -0.1 ± 1.0
Working memory
 Sz 15.3 ± 4.4 -1.13 ± 1.05
 Comp 20.0 ± 4.3 0.0 ± 1.0
Motor speed
 Sz 68.5 ± 17.5 -2.47 ± 1.82
 Comp 91.9 ± 9.8 0.0 ± 1.0
Attention
 Sz 45.5 ± 13.9 -2.11 ± 1.32
 Comp 67.4 ± 10.5 0.0 ± 1.0
Verbal fluency
 Sz 34.2 ± 11.7 -1.19 ± 1.23
 Comp 44.5 ± 8.9  -0.1 ± 0.9
Executive function
 Sz 15.0 ± 4.5 -1.17 ± 1.79
 Comp 17.8 ± 2.5 0.0 ± 1.0
Composite score
 Sz – -1.50 ± 1.02
 Comp – 0.0 ± 0.6

Notes: aMean score ± SD; ba composite score was calculated by averaging all 
z-scores of the six primary tasks from the BACS-J.
Abbreviations: BACS, Brief Assessment of Cognition in Schizophrenia; BACS-J, 
Japanese language version of the BACS; Comp, comparison group; SD, standard 
deviation; Sz, schizophrenic group.
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has been reported in many previous studies.1,4,16 In the study 

by Kishi et al, clinical factors (age, sex, duration of illness, 

level of education, smoking status, the PANSS score, and 

medication dosage) served as the independent variables.15 

Therefore, the inconsistencies between the results of the 

present study and those of Kishi et al may be attributable to 

differences in the variables used for analysis. Furthermore, 

this previous study found that the influence of the PANSS 

was much greater than that of other factors such as age or 

level of education.15

The present study did not detect any influence of age but 

did identify that the level of education influenced the partici-

pants’ motor speed in the comparison and all subject analyses. 

Furthermore, Ruff and Parker and Era et al reported similar 

results concerning the relationship between additional educa-

tion and faster performance,17,18 and the relationship between 

motor speed and level of education was also suggested by 

Jones et al.19 These previous authors reported that sulcus fluid 

volume, education level, and a measure of general psychiatric 

symptomology obtained by linear structural relations analysis 

that relates brain and psychosocial functions to cognitive 

functioning were significantly related to speed. In addition, 

Ruff and Parker and Era et al also reported the relationship 

between age and motor speed,17,18 and Keefe et al reported 

an association between age and motor speed in the BACS 

task.1 The reason for these inconsistencies between the pres-

ent study and previous studies concerning the influence of 

age on motor speed is unclear, although it is possible that the 

level of education more strongly influences motor speed than 

age. The influence of education on attention tasks was also 

shown in the results of the patient group and the all subjects 

group. From a meta-analysis, one previous study reported 

the relationship between attention ability and the reduction 

in gray matter volume.20 Furthermore, Piras et al reported 

that for the hippocampus, regions of gray matter may be 

related to level of education.21 Accordingly, the results of  

the present study may support these findings. On the other 

hand, the results of the present study were inconsistent with 

those of Kishi et al and Jolfael et al, which analyzed the 

relationship between cognition (eg, attention) and clinical 

Table 3 Factors that influenced the BACS scores in the comparison group and schizophrenic subjects

Condition Variable Comparison Schizophrenia

Beta t P R Beta t P R

Verbal memory Age -0.417 -5.499 0.000  -0.205 -1.791 0.076
Gender 0.055 0.757 0.451 0.523 0.062 0.767 0.444 0.389
Education 0.228 3043.000 0.003 P = 0.000 0.126 1.543 0.125 P = 0.000

 Duration of illness – – –  -0.175 -1.524 0.130  
Working memory Age -0.364 -4.528 0.000  -0.178 -1.627 0.106

Gender -0.143 -1.845 0.067 0.427 -0.122 -1.574 0.118 0.475
Education 0.015 0.187 0.852 P = 0.000 0.115 1.467 0.145 P = 0.000

 Duration of illness – – –  -0.290 -2.637 0.009  
Motor speed Age 0.074 0.861 0.390  -0.159 -1.517 0.132

Gender -0.079 -0.952 0.343 0.252 -0.026 -0.342 0.733 0.534
Education 0.242 2.841 0.050 P = 0.022 0.09 1.203 0.231 P = 0.000

 Duration of illness – – –  -0.392 -3.708 0.000  
Attention Age -0.471 -6.313 0.000  -0.314 -3.357 0.001 

Gender -0.075 -1.045 0.298 0.544 -0.056 -0.840 0.403 0.657
Education 0.114 1.538 0.126 P = 0.000 0.188 2.802 0.006 P = 0.000

 Duration of illness – – –  -0.346 -3.669 0.000  
Verbal fluency Age -0.333 -4.139 0.000  -0.265 -2.292 0.023 

Gender -0.097 -1.248 0.214 0.428 -0.038 -0.460 0.646 0.358
Education 0.035 1.577 0.117 P = 0.000 0.176 2.118 0.036 P = 0.001

 Duration of illness – – –  -0.041 -0.353 0.725  
Executive function Age -0.204 -2.427 0.016  -0.245 -2.317 0.022 

Gender -0.175 -2.155 0.033 0.330 -0.209 -2.779 0.006 0.523
Education 0.074 0.889 0.376 P = 0.001 0.135 1.779 0.078 P = 0.000

 Duration of illness – – –  -0.240 -2.253 0.026  
Composite score Age -0.431 -5.749 0.000  -0.292 -2.978 0.003 

Gender -0.131 -1.851 0.066 0.567 -0.089 -1.269 0.207 0.613
Education 0.196 2.704 0.008 P = 0.000 0.186 2.651 0.009 P = 0.000

 Duration of illness – – –  -0.313 -3.172 0.002  

Abbreviation: BACS, Brief Assessment of Cognition in Schizophrenia.  
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profiles (eg, age, gender, level of education, and severity of 

symptoms) in schizophrenic patients.15,22 These inconsisten-

cies between the present study and previous studies may have 

been caused by differences in dependent variables.

The gender influence on executive functions in the 

BACS tasks was evaluated for the comparison, patient, 

and all subject groups. Gender was shown to influence 

working memory and the composite score of all subjects; 

in particular, males showed better performance on both 

the BACS tasks and the composite score as compared to 

females. This result is similar to that of Roesch-Ely et al, 

who reported that female schizophrenic patients showed 

worse performance in executive control as compared to 

male patients.23 In contrast, Leung and Chue reviewed the 

opposite result as reported by Seidman et al and Goldstein 

et al.24–26 The reason for these inconsistent results may have 

been due to differences in the examination method. For 

example, the Tower of London procedure, which was the 

method used in the present study, is used to specifically 

evaluate planning ability, whereas the method used by 

Roesch-Ely et al is a dual performance task that selects 

high auditory stimulus tones and responds to several types 

of stimuli and addresses attention ability.23 In contrast, the 

method used by Seidman et al and Goldstein et al was the 

Wisconsin Card Sorting Test (WCST), which evaluates the 

ability of set-shifting.23,26 Accordingly, further studies should 

compare the differences among several types of executive 

tasks. The current study also revealed the influence of gender 

on working memory in all subjects. Although one previous 

study also reported that male patients performed better than 

females on visual working memory tasks,27 Lecardeur et al 

reported the opposite result after examining spatial working  

memory.28 Furthermore, Minor and Park reported an absence 

of gender differences on spatial working memory,29 and 

Bozikas et al and Roesch-Ely et al reported the absence of 

gender differences on working memory.4,23 Related to these 

inconsistencies among studies that have analyzed working 

memory, the reason for the influence of gender on working 

memory shown in the present study remains unclear.

There were also several limitations to our study. First, the 

design of this study was cross-sectional. Therefore, future 

longitudinal studies should take into consideration the accel-

erated cognitive decline that occurs in patients over 60 years 

of age in both healthy samples4,5 and schizophrenic samples,2 

and these studies should also investigate the influence of 

disease and aging. Second, we were not able to examine the 

influence of other clinical profiles on the scores of the BACS 

because of the lack of these data. Several previous studies 

have reported correlations between the BACS score and clini-

cal factors such as differences in medications,24,25 severity of 

symptoms,13 subtypes of schizophrenic disease,26 duration of 

untreated psychosis,27 and patient age at onset.28 Therefore, 

further studies considering the influences of these clinical 

profiles are needed.

Conclusion
In conclusion, the results of this study suggest that BACS 

performance in schizophrenic patients is influenced not only 

by disease.

Table 4 Factors that influenced the BACS scores

Condition Variable Beta t P R

Verbal memory Disease -0.439 -7.561 0.000
Age -0.268 -4.993 0.000
Gender 0.046 1.000 0.318 0.676
Education 0.161 3.377 0.001 P = 0.000

 Duration  
of illness

-0.074 -1.149 0.252  

Working memory Disease -0.353 -5.653 0.000
Age -0.256 -4.436 0.000
Gender -0.124 -2.530 0.012 0.611
Education 0.072 1.401 0.162 P = 0.000

 Duration  
of illness

-0.155 -2.249 0.025  

Motor speed Disease -0.374 -6.914 0.000
Age -0.038 -0.754 0.452
Gender -0.029 -0.682 0.496 0.728
Education 0.104 2.341 0.020 P = 0.000

 Duration  
of illness

-0.389 -6.500 0.000  

Attention Disease -0.475 -10.180 0.000
Age -0.289 -6.697 0.000
Gender -0.052 -1.412 0.159 0.806
Education 0.125 3.251 0.001 P = 0.000

 Duration  
of illness

-0.221 -4.279 0.000  

Verbal fluency Disease -0.363 -5.566 0.000
Age -0.261 -4.338 0.000
Gender -0.059 -1.140 0.255 0.563
Education 0.144 2.684 0.008 P = 0.000

 Duration  
of illness

-0.032 -0.448 0.655  

Executive function Disease -0.190 -2.938 0.004
Age -0.178 -2.966 0.003
Gender -0.182 -3.561 0.000 0.571
Education 0.092 1.734 0.084 P = 0.000

 Duration  
of illness

-0.287 -4.004 0.000  

Composite score Disease -0.453 -9.477 0.000
Age -0.252 -5.700 0.000
Gender -0.081 -2.145 0.033 0.795
Education 0.148 3.765 0.000 P = 0.000

 Duration  
of illness

-0.241 -4.553 0.000  

Abbreviation: BACS, Brief Assessment of Cognition in Schizophrenia. 
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