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Abstract. The world is rapidly aging and facing an increase in the number of dementia patients, 

so it is important to detect the preclinical stage of dementia in such countries. We examined both 

cognitive and affective functions among cognitively normal control (n=218), mild cognitive 

impairment (MCI, n=146) and Alzheimer’s disease (AD, n=305) subjects using two evaluation 

tools for behavioral and psychological symptoms of dementia (BPSD) (Abe’s BPSD score (ABS) 

and mild behavioral impairment (MBI)). BPSD were present in 12.4% (ABS) and 9.6% (MBI) of 

cognitively normal people, 34.9% and 32.2% in MCI subjects, and 66.2% and 51.1% in AD 

patients. Both ABS (§ p <0.05) and MBI (§§ p <0.01) score showed worse score with cognitive 

decline of the mini-mental state examination in the AD group in BPSD-positive participants. 

Similar correlations were found in all participants in AD group (|||| p <0.01 vs ABS and MBI). 

Among the subscales in BPSD-positive participants, an apathy/indifference score of ABS and a 

decreased motivation of MBI showed significant differences in AD patients compared to the 

control and MCI subjects (** p<0.01). In addition, subscale analyses further showed a downward 

trend from the control to MCI and AD subjects in four ABS subscales and three MBI subscales. 

The present study showed the preclinical presence of BPSD in cognitively normal people, more 

so in MCI subjects, and ABS detected BPSD more sensitively than MBI in all three groups. 
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INTRODUCTION 

The world is rapidly aging since older populations are growing both in developed and 

developing countries. Currently, nearly 50 million people across the globe have dementia, and 

this is estimated to increase to 75 million by 2030 and to 132 million by 2050 [1]. Japan is the 

most aged country in the world, and there are more than 4.6 million people with dementia [2]. 

In addition to cognitive decline, dementia causes affective dysfunctions, which are referred to 

as behavioral and psychological symptoms of dementia (BPSD) [3], consisting of wandering, 

eating/toilet problem, delusion/hallucination, offensive/abusive words, day-night reversal, 

excitation/agitation, apathy/indifference, depressive/gloomy mood, violent force and high 

irritability. Although BPSD has long been recognized as emerging after cognitive decline, a recent 

report suggested the earlier emergence of BPSD before cognitive decline [4]. 

In the present study, therefore, we examined both cognitive and affective functions among 

cognitive normal control, mild cognitive impairment (MCI) [5] and Alzheimer’s disease (AD) 

subjects using two useful evaluation tools for BPSD (Abe’s BPSD score, ABS [6] and mild 

behavioral impairment, MBI [7, 8]). 

 

MATERIALS AND METHODS 

Participants 

Individuals aged ≥50 were recruited from 19 Okayama University-affiliated hospitals between 

May and December of 2018. The hospitals included Okayama University Hospital, Kurashiki 

Heisei Hospital, Okayama Kyokuto Hospital, Himeji Central Hospital, Okayama City Hospital, 

Chokyu Hospital, Ino Hospital, Tsuyama Chuo Hospital, Ibara City Hospital, Yubaraonsen 

Hospital, Ako Central Hospital, Ota Memorial Hospital, Akaiwa Medical Association Hospital, 

Kasaoka Daiichi Hospital, Okayama Saiseikai General Hospital, Kousei Hospital, IHI Harima 



Hospital, Okayama Saidaiji Hospital, and Midori Clinic. Patients with a previous history of 

cerebral vascular disease, neurodegenerative disease, psychiatric disorder, and other central 

nervous system diseases were excluded. Finally, three groups of participants including control 

subjects (88 men and 130 women, mean age: 71.7 ± 8.9 years), MCI [5] (70 men and 76 women, 

mean age: 76.9 ± 8.2 years) and AD (101 men and 204 women, mean age: 81.1 ± 6.6 years) were 

established. The present study was approved by the Ethics Committee on Epidemiological Studies 

of Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences 

(Approval number #1603-031), and informed written consent was obtained from participants. 

 

Cognitive and affective functions 

Cognitive function was assessed using the clinical dementia rating (CDR) [9, 10] scale and 

mini-mental state examination (MMSE) [11]. To assess affective function, ABS [6] and MBI [8] 

checklists were used. The participants were evaluated based on the AD neuroimaging initiative 

(ADNI) [12] criteria and diagnosed mainly by cognitive and affective symptoms, neurological 

examination and head magnetic resonance imaging (MRI). Control subjects had a MMSE score 

of ≥24 and a CDR of 0, a non-MCI status and no symptoms of dementia. MCI subjects had a 

MMSE score of ≥24, memory complaints, a CDR of 0.5, the absence of significant impairment 

in other cognitive domains, essentially preserved activities of daily living (ADLs) and the absence 

of dementia. AD subjects had a MMSE score of ≤26 and a CDR of ≥0.5. 

ABS is a new, simple and quick score that assesses BPSD of mild to moderate AD and other 

types of dementia, ranging between 0 and 44 from no BPSD (score = 0) to full BPSD (score = 

44). ABS consists of only 10 items (wandering, eating/toilet problem, delusion/hallucination, 

offensive/abuse words, day-night reversal, excitation/agitation, apathy/indifference, 

depressive/gloomy mood, violent force and high irritability) and a grading score for each BPSD 



item based on its frequency and severity. ABS shows a good correlation with the neuropsychiatric 

inventory (NPI) [13] score in AD patients [6]. MBI consists of a total of 34 items organized into 

five main domains: (1) decreased motivation, (2) emotional dysregulation, (3) impulse dyscontrol, 

(4) social inappropriateness, (5) abnormal perception or thought content. For each item, a ‘yes’ or 

‘no’ question is followed by a severity rating scale of 1 (mild), 2 (moderate), and 3 (severe) [8]. 

 

Statistical analysis 

We carried out statistical analysis using SPSS 22.0.0.0 software (IBM Corporation, Armonk, 

NY, USA). The data was not normally distributed, therefore statistical significance was assessed 

using nonparametric tests. We performed the Mann-Whitney U test with a Bonferroni correction 

to compare cognitive and affective functions between the three groups, a chi-square test to 

examine the relationship between gender and cognitive function. Furthermore, BPSD-positive 

subjects were extracted and we performed a Spearman’s rank correlation coefficient test to 

examine the relationship between MMSE and affective function, and the Kruskal-Wallis test to 

examine subscale analyses of ABS and MBI. Trend analysis using the Jonckheere-Terpstra test 

was conducted to examine the relationship between cognitive function and subscales of the 

affective test. Statistical significance was assessed at p <0.05. 

 

RESULTS 

The baseline demographic data of participants is shown in Table 1. We analyzed the participants 

dividing into three groups according to their baseline cognitive status. Participants consisted of 

218 control subjects (88 men and 130 women), 146 MCI subjects (70 men and 76 women) and 

305 AD patients (101 men and 204 women). The 218 control subjects consisted of 99 

asymptomatic subjects who were interested in their own cognitive function, 35 with subjective 



cognitive impairment and 84 non-cognitive patients with symptoms such as headaches, dizziness 

and cervical dystonia. A chi-square test showed a significant difference in the gender ratio among 

the three groups (¶¶ p <0.01). Statistical analysis showed significant differences among the three 

groups in terms of age (control 71.7 ± 8.9 years, MCI 76.9 ± 8.2 years (†† p <0.01 vs control) and 

AD 81.1 ± 6.6 years (†† p <0.01 vs control and ‡‡ p <0.01 vs MCI)) and CDR (control 0, MCI 

0.5 (†† p <0.01 vs control) and AD 0.9 ± 0.6 (†† p <0.01 vs control and ‡‡ p <0.01 vs MCI)). 

The assessments of cognitive impairment revealed a mean MMSE score of 28.3 ± 1.8 in the 

control, 27.2 ± 2.0 in the MCI subjects (†† p <0.01 vs control) and 19.7 ± 4.4 in the AD patients 

(†† p <0.01 vs control and ‡‡ p <0.01 vs MCI). The assessment of affective impairment revealed 

a mean ABS score of 0.4 ± 1.3 in the control, 1.5 ± 3.2 in MCI subjects (†† p <0.01 vs control) 

and 4.2 ± 5.3 in AD patients (†† p <0.01 vs control and ‡‡ p <0.01 vs MCI). Furthermore, the 

mean MBI scores displayed a similar pattern (2.9 ± 4.5 in the control, 7.5 ± 8.1 in MCI subjects 

(†† p <0.01 vs control) and 12.9 ± 12.9 in AD patients (†† p <0.01 vs control and ‡‡ p <0.01 vs 

MCI)) to the ABS scores. 

Fig. 1 represents the prevalence of BPSD expressed in ABS or MBI (ABS >0.5 or MBI >8.5) 

in each group. Cut-off points of ABS were set at 0.5 and of MBI at 8.5 in accordance with previous 

reports [14, 15]. BPSD were found in 12.4% (ABS) and 9.6% (MBI) of the cognitively normal 

control group. In contrast, MCI subjects showed BPSD in 34.9% (ABS) and 32.2% (MBI), and 

AD patients showed BPSD in 66.2% (ABS) and 51.1% (MBI). 

Fig. 2 shows the relationship between MMSE and ABS (Fig. 2a) or MBI (Fig. 2b) in BPSD-

positive participants (plain columns, net gray area of Fig. 1) and all participants (shaded columns) 

in each group. In BPSD-positive participants, although ABS and MBI did not show a significant 

correlation with MMSE in control and MCI groups (p>0.05 vs ABS and MBI with a correlation 

coefficient of 0.049 and -0.137, respectively in control group, p>0.05 vs ABS and MBI with a 



correlation coefficient of 0.058 and 0.126, respectively in MCI group, dotted black lines), both 

ABS and MBI scores presented an inverse correlation with MMSE in the AD group (§ p <0.05 vs 

ABS, §§ p <0.01 vs MBI, dotted black lines) with a correlation coefficient of -0.477 and -0.579, 

respectively. Similarly, ABS and MBI scores presented weak inverse correlation with MMSE in 

only AD group in full sample analysis (|||| p <0.01 vs ABS and MBI, dotted gray lines) with 

correlation coefficient of -0.277 and -0.294, respectively.  

Fig. 3 shows subscale analyses of ABS (Fig. 3a) and MBI (Fig. 3b) in BPSD-positive 

participants (plain columns, net gray area of Fig. 1) and all participants in each group (shaded 

columns). In BPSD-positive participants, subscales of both ABS and MBI showed worse scores 

from the control to MCI and AD except for high irritability of ABS. Among the subscales, the 

apathy/indifference score in ABS was significantly worse in AD patients (36.5 ± 41.3%) 

compared to the control (9.5 ± 27.3%; ** p <0.01) and MCI subjects (20.5 ± 31.6%; * p <0.05). 

A similar result was found in the subscales of MBI for decreased motivation (control 29.4 ± 18.0%, 

MCI 34.1 ± 18.5%, AD 45.1 ± 22.6%; ** p <0.01 vs control, ** p <0.01 vs MCI), and abnormal 

perception or thought content (MCI 3.7 ± 7.9%, AD 9.4 ± 17.1%; * p <0.05). In addition, subscale 

analyses showed a downward tendency in four ABS subscales (wandering, eating/toilet problems, 

delusion/hallucination, apathy/indifference, Jonckheere-Terpstra test, # p <0.05, ## p <0.01), and 

three MBI subscales (decreased motivation, social inappropriateness and abnormal perception or 

thought content, Jonckheere-Terpstra test, # p <0.05, ## p <0.01). Subscale analysis using full 

sample revealed significant difference between the three groups, especially between control and 

AD group, and MCI and AD group, other than violent force and high irritability in ABS (shown 

by gray characters). Significant differences between control and MCI were observed in 

offensive/abusive words in ABS and decreased motivation, emotional dysregulation, impulse 

dyscontrol, and social inappropriateness in MBI (** p <0.01). 



 

DISCUSSION 

In the present study, we examined the cognitive and affective functions of cognitively normal 

participants and those who had MCI and AD. This is the first study to assess BPSD both with 

ABS and MBI, finding that approximately 10% of BPSD existed in cognitively normal 

participants, that the prevalence of BPSD was different significantly depending on cognitive 

function among normal, MCI and AD subjects, and that ABS showed a higher prevalence of 

BPSD than MBI among these three groups (Fig. 1). ABS and MBI showed a similar relationship 

with MMSE and presented an inverse correlation with MMSE in only the AD group (Fig. 2). 

Of note, the present data reveals that BPSD exists even in 9.6-12.4% of cognitively normal 

people (Fig. 1). A previous study [16] reported that the prevalence of BPSD was 76.5% in subjects 

with subjective cognitive decline and 85.3% in their MCI group. Mortby et al. reported that the 

prevalence of BPSD was 27.6% in the cognitively normal group, 43.1% in cognitively normal, 

but-at-risk group and 48.9% in their MCI group [17]. In these previous studies, BPSD was 

evaluated with the neuropsychiatric inventory questionnaire (NPI-Q) [18]. The prevalence of 

BPSD in these papers is higher than the present study in the cognitively normal or MCI group, 

probably because NPI-Q has a reference range of one month whereas MBI requires six months of 

new-onset symptoms. On the other hand, our previous report [19], which was a population based 

study, showed that the prevalence of BPSD detected by ABS was 6.6% in cognitively normal 

subjects, 17.7% in MCI and 33.3% in subjects with apparent cognitive decline. A higher 

prevalence of BPSD in ABS than MBI in the present study may be due to differences in the study 

design between this patients-based study and the previous population-based study.  

The present study shows that ABS appears to be compatible with MBI, or even more sensitive 

than MBI to detect BPSD in all normal, MCI and AD subjects (Fig. 1 and 2). MBI may be useful 



to evaluate BPSD for all causes of dementia because it covers a wide range of BPSD. However, 

compared with ABS, MBI has too many and complicated queries that require a considerable 

amount of time to fill in all queries. This may result in some questions being skipped, or 

inadequate answers. In contrast, ABS is a simple and quick test, and requires about only one 

minute [6], so it was designed for busy daily neurological/psychiatric practices or even general 

medicine. Furthermore, ABS is also useful to discriminate MCI from normal subjects [14]. 

Concordantly, the ABS score showed a significant difference among the three groups (normal 

control 0.1 ± 0.4, MCI 0.9 ± 1.5 and AD 6.0 ± 7.5) in the present study (Table 1). In addition, 

ABS has been already used in several studies that compared BPSD between AD and Parkinson’s 

disease [20] or between Parkinson’s disease with dementia and dementia with Lewy bodies [21]. 

On the other hand, MBI is a newly proposed BPSD score and its usefulness will be evaluated in 

the future. Although MBI may be a useful clinical battery to detect BPSD in each stage of 

cognitive decline, ABS could be equal or even better than MBI to assess BPSD even in cognitively 

normal subjects. 

BPSD can be a risk of MCI for the cognitive normal group and a risk of dementia for the MCI 

group [22, 23]. Forrester et al. suggested that individuals with BPSD without cognitive deficits 

appear to be at risk of dementia [24]. The present study compared two newly established BPSD 

scores among three groups with different cognitive function revealed features and differences 

concerning BPSD among each group as above. It is limitation of this study that this is cross-

sectional study without longitudinal cognitive or affective data of the subjects. However, based 

on the previous papers [4, 22-24], it may be possible to assess BPSD in preclinical stage of 

dementia by ABS and MBI. It should be proved by the further study. 
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Table 1 

Demographic data of the 669 participants divided into three groups of normal control, mild 

cognitive impairment (MCI) and Alzheimer's disease (AD). 
 

Control MCI AD 

n 218 146 305 

Age (years) 71.7 ± 8.9 76.9 ± 8.2 †† 81.1 ± 6.6 †† ‡‡ 

Male:female 88 : 130 ¶¶ 70 : 76 ¶¶ 101 : 204 ¶¶ 

CDR 0 0.5 †† 0.9 ± 0.6 †† ‡‡ 

MMSE 28.3 ± 1.8 27.2 ± 2.0 †† 19.7 ± 4.4 †† ‡‡ 

Abe's BPSD score (ABS) 0.4 ± 1.3 1.5 ± 3.2 †† 4.2 ± 5.3 †† ‡‡ 

MBI 2.9 ± 4.5 7.5 ± 8.1 †† 12.9 ± 12.9 †† ‡‡ 

†† p <0.01 vs control, ‡‡ p <0.01 vs MCI, ¶¶ p <0.01 

 

 

 

 

 

 

 

 

 

 

 



FIGURE LEGENDS 

Fig. 1. Prevalence of BPSD expressed in ABS and MBI (positive as ABS >0.5 and MBI >8.5) in 

the three groups. Net gray area shows a BPSD-positive rate. 

 

Fig. 2. Relationship between MMSE and ABS (a) or MBI (b) in the BPSD-positive participants 

(plain columns) and all participants (shaded columns) in each group: control (white columns), 

mild cognitive impairment (MCI; gray columns) and Alzheimer disease (AD; black columns). 

Both ABS and MBI scores in the BPSD-positive participants show an inverse correlation with 

MMSE only in the AD group (§ p <0.05 vs ABS, §§ p <0.01 vs MBI, dotted black lines) with a 

correlation coefficient of -0.477 and -0.579, respectively. Numbers above columns show number 

of BPSD-positive participants. Similarly, ABS and MBI scores presented weak inverse correlation 

with MMSE in only AD group in full sample analysis (|||| p <0.01 vs ABS and MBI, dotted gray 

lines) with correlation coefficient of -0.277 and -0.294, respectively Numbers in columns show 

number of the participants. 

 

Fig. 3. Subscale analyses of ABS (a) and MBI (b) in BPSD-positive participants (plain columns) 

and all participants in each group (shaded columns) among the three groups: control (white 

columns), mild cognitive impairment (MCI; gray columns) and Alzheimer’s disease (AD; black 

columns). BPSD-positive participants showed a significant difference of subscales in the AD 

group than in the control and MCI groups for wandering, eating/toilet problems, 

delusion/hallucination, apathy/indifference in ABS and decreased motivation, social 

inappropriateness and abnormal perception or thought content in MBI (* p<0.05, ** p<0.01, # 

p<0.05 for trend and ## p< 0.01 for trend, shown by black characters). Full sample analysis 

showing a significant difference in the AD group than in the control and MCI groups in eight out 



of ten subscales (wandering, eating/toilet problem, delusion/hallucination, offensive/abusive 

words, day-night reversal, excitation/agitation, apathy/indifference and depressive/gloomy mood) 

in ABS and all five subscales (decreased motivation, emotional dysregulation, impulse dyscontrol, 

social inappropriateness and abnormal perception or thought content) in MBI (shown by gray 

characters). The results are expressed as mean percentages of full scores.  

 


