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Background

The study examines the behavioural and psychological symp-
toms (BPSs) associated with dementia and mild cognitive
impairment (MCI), highlighting the prevalence and impact of
these symptoms on individuals with varying levels of cognitive
function, particularly in the context of the increasing incidence of
dementia among the ageing population.

Aims
To explore the BPSs among out-patients with different cognitive
statuses.

Method

This cross-sectional study enrolled out-patients who attended the
cognitive assessment out-patient clinic at our hospital between

January 2018 and October 2022. The patients’ cognitive status was
evaluated using the Neuropsychiatric Inventory (NPI), Activities of
Daily Living and the Montreal Cognitive Assessment-Basic scales.

Results

The study enrolled 3273 out-patients, including 688 (21%)
with cognitively unimpairment, 1831 (56%) with MCI and 754
(23%) with dementia. The NPI score, the percentage of
patients with BPSs and the number of BPSs increased with
decreasing cognition level. Unordered logistic regression

analysis showed that after adjustment of confounding
variables, delusions, depression, euphoria and psychomotor
alterations were independently associated with MCI.
Delusions, agitation, euphoria, apathy, psychomotor alter-
ations and sleep change were independently associated with
dementia.

Conclusions

NPI scores, the percentage of patients with BPSs and the
numbers of BPSs increased with declining cognitive function.
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Dementia, or major neurocognitive disorder, is a progressive
disorder with cognitive decline from a prior level of functioning in
one or more cognitive domains that interferes with independence in
everyday activities, including occupational, domestic or social
functioning.? There may be accompanying psychiatric or
behavioural features such as paranoia, delusions, visual hallucina-
tions, apathy, wandering and/or hoarding in some neurocognitive
disorders.!” On the other hand, individuals suffering from mild
cognitive impairment (MCI) may have cognitive decline from a
prior level of functioning in one or more cognitive domains, but the
decline does not interfere with independence in activities of daily
living.*” The reported global prevalence is about 1-2% of patients at
age 65 and 30% at age 85.7 With the increasing geriatric
population, age (particularly age >65 years) is the strongest risk
factor for dementia.> The number of patients with dementia is
expected to reach 152 million worldwide in 2050.° Other risk
factors include family history, chronic conditions (such as
hypertension, diabetes, cerebrovascular disease) and unhealthy
lifestyles (such as smoking, excessive alcohol consumption and
sedentary behaviour).? Although some treatment options could
improve cognition status, there is still no cure for progressing
cognitive disorders (such as Alzheimer’s disease or vascular
dementia); therefore, early identification is vital for preventing
and treating dementia.**

Behavioural and psychological symptoms (BPSs) are a common
syndrome in patients with dementia, characterised by disturbances
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in perception, thoughts, emotions or behaviour, although they
sometimes may manifest as impairments in non-cognitive
domains.>*” BPSs are closely associated with adverse outcomes
such as caregiver burden,®® admittance to hospital'®!! and
increased mortality.!> The available literature suggests that the
incidence rate of BPSs may vary in different cognitive functioning
states. Mortby et al'* found the morbidity rate of at least one BPS to
be 80% in the dementia population, 53.4% in MCI and 30.8% in the
cognitively unimpaired population. Geda et al'* found that
approximately 51% of patients with MCI had at least one
neuropsychiatric symptom, while the rate was 27% among those
with normal cognition. Nevertheless, studies regarding BPSs in the
Chinese population are scarce in number. Also, for patients who
actively seek treatment with BPS complaints, if their cognitive
impairment is not severe to a self-evident level, their cognitive
impairment may be underestimated.

Therefore, this study aimed to explore the BPSs at different
cognitive functions and compare the characteristics of BPSs in
patients with different degrees of cognitive impairment.

Method

Study design and patients

This cross-sectional study enrolled consecutive patients at the
cognitive assessment out-patient clinic of our hospital between
January 2018 and October 2022. The inclusion criteria were
(a) conscious, capable of reading and had no barriers to
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communication with the investigators, and (b) willing to participate
in this study after informed consent. The exclusion criteria were
(a) patients with severe lalopathy, hearing disorder or a visual
impairment, or (b) patients with severe diseases such as the acute
phase of cerebral infarction, cerebral haemorrhage, acute coronary
syndrome, acute heart failure, etc., or acute phase of chronic
diseases such as acute exacerbation of chronic obstructive
pulmonary disease. The ethics committee of Tongji Hospital of
Tongji University approved this project (2021-LCY]J-002-1). The
enrolled patients were informed of the study’s purpose and signed
the informed consent form. All procedures were conducted in
accordance with the ethical standards of the 1964 Declaration of
Helsinki and its later amendments, as well as relevant local
guidelines.

Data collection

The study collected general demographic and clinical data,
including age, gender, education years, height, body weight, body
mass index (BMI), smoking, alcohol consumption, past medical
history of hyperlipidaemia, anaemia, hypertension, diabetes
mellitus, thyroid dysfunction, brain trauma, carbon monoxide
poisoning, coronary heart disease, cerebrovascular disease, general
surgical anaesthesia and family history of dementia.

The Neuropsychiatric Inventory Questionnaire (NPI-Q)
was used to assess the patients’ BPSs of dementia; in the present
study, participants could choose to complete the questionnaire by
themself or with the help of caregivers. The questionnaire was self-
administered or provided by the caregiver for the manifestation of
12 psychiatric and behavioural symptoms, namely delusions,
hallucinations, agitation, depression, anxiety, euphoria, apathy,
disinhibition, irritability, psychomotor alterations, sleep change
and appetite change. The evaluation indicators included frequency
(0-4 points) and severity (0-3 points) of each BPS, and the total
Neuropsychiatric Inventory (NPI) score was the sum of the product
of frequency and severity in each item. BPSs were positive when the
score was >0 in relevant NPI items. The higher the NPI score, the
more pronounced the BPSs were.!”

The revised version of the Activities of Daily Living (ADL) scale
proposed by Lawton and Brody'® was used to assess patients’ ability
to perform both basic activities of daily living and instrumental
activities of daily living. This scale of the Physical Self-Maintenance
Scale (PSMS, including going to the toilet, eating, dressing,
grooming, walking and bathing) and Instrumental Activities of
Daily Living Scale (IADL, including talking on the phone,
shopping, preparing meals, doing housework, laundry, using
transportation, taking medication and managing finances), and
covered a total of 14 categories.'® Each aspect is scored according to
what the patients (a) can independently accomplish, (b) can
accomplish with some difficulty, (c) require assistance to
accomplish and (d) are incapable of accomplishing, with a total
score of 14-56. A total score of >22 is considered significant ADL
dysfunction, and the higher the total score, the worse the
dysfunction.

The Chinese version of the Montreal Cognitive Assessment-
Basic (MoCA-B)" was used to assess cognitive function. The
MoCA-B assesses cognitive function through indicators in the
following cognitive domains: executive function, language, orien-
tation, computation, abstract thinking, memory, visual perception
(but not visual structure skills), attention and concentration.
A dividing points for the MCI are at 19/20, 22/23 and 24/25 for
receiving less than 6, between 6 and 12, and more than 12 years of
education.

Based on the ADL and MoCA-B scores, the participants were
classified into the cognitively unimpaired group, MCI group or
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dementia group. Participants were classified as cognitively
unimpaired when MoCA-B performance was above the MCI
standard. The diagnostic criteria for the MCI referred to the
Chinese Guidelines for the Diagnosis and Treatment of Dementia
and Cognitive Impairment 2018: (a) patients complained of
significant memory deterioration or memory impairment;
(b) objective evidence of cognitive impairment was found by the
MoCA-B score; (c) unimpaired or slight impairment in activities of
daily living but maintaining independent activities of daily living
(<22); (d) does not meet the diagnosis criteria of dementia. The
diagnostic criteria for dementia referred to DSM-5%° for the
diagnosis of dementia, with the MoCA-B scores indicating a decline
in cognitive function and the ADL scale indicating significant
dysfunction in activities of daily living.

Statistical analysis

SPSS 26.0 (IBM, Armonk, NY, USA) for Windows 10 was used to
analyse the data. The continuous data with a normal distribution
were expressed as means * standard deviations. The continuous
data with a non-normal distribution were expressed as a median
(P25, P75). The categorical data were expressed as n (%). If
continuous variables met the normal distribution and homogeneity
of variance, Student’s f-test or one-way analysis of variance
(ANOVA) was performed; otherwise, a rank sum test was
performed. The grouped data were compared using the y? test,
and Bonferroni adjustment was used for multiple comparisons
among groups for those with P < 0.05 for the ANOVA. Stepwise
unordered logistic regression was used to analyse the relationship
between BPSs and cognitive impairment. The cognitively unim-
paired group was the reference for the unordered logistics
regression analysis. Model 1: adjustment for age, education years,
BM]I, alcohol consumption, past medical history of hypertension,
general surgical anaesthesia, cerebrovascular disease, diabetes
mellitus, thyroid dysfunction and coronary heart disease. Model
2: all BPSs were included based on Model 1 with mutual
adjustment. Two-sided P-values < 0.05 were considered statisti-
cally significant.

Results

This study recruited 4639 consecutive out-patients who attended
the cognitive assessment out-patient clinic, of which 1366 patients
were excluded because of incomplete information on the MoCA-B,
ADL or NPI scales. Finally, 3273 patients were included. Among
them, 688 (21%) were identified as cognitively unimpaired, 1831
(56%) were identified as suffering from MCI and 754 (23%) had
dementia (Fig. 1). The mean age of the patients was 67.0 + 13.4
years, the mean education was 10.0 + 4.4 years and 1423 (43.5%)
were males. Age, education received, BMI, alcohol consumption,
past medical history of hypertension, general anaesthesia, cerebro-
vascular disease, diabetes mellitus, thyroid dysfunction, coronary
heart disease, MoCA-B score, Mini-mental State Examination
(MMSE) score, ADL score and NPI score were significantly
different among the three groups (all P < 0.05). Results showed that
patients with lower cognitive function exhibited higher age and
higher rates of hypertension, cerebrovascular disease, diabetes
mellitus and coronary heart disease, while education decreased (all
P < 0.017) (Table 1). The NPI score [1 (0, 2) v. 1 (0, 4) v. 6 (2, 15),
P <0.001], the percentage of the patients with BPSs [53.5% v.
59.6% v. 86.1%, P < 0.001] and the number of BPSs [1 (0, 2) v. 1
(0, 2) v. 3 (1, 5), P<0.001] were also higher in patients with
decreased cognitive level.

The dominant BPSs were depression (34.3%), anxiety (29.1%)
and apathy (27.2%). Compared with the cognitively unimpaired,
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Baseline population

(n =4639)
Excluded subjects with
incomplete MoCA-B, ADL,
NPI scales (n = 1366)
Included analysed
population
(n=3273)
Cognitively Mild cognitively Demented
unimpaired (n = 688) impaired (n = 1831) (n =754)

Fig. 1 Flowchart. MOCA-B, Montreal Cognitive Assessment-Basic; ADL, Activities of Daily Living; NPI, Neuropsychiatric Inventory.

the MCI group presented with higher incidence of delusions
(2.9% v. 7.0%), agitation (5.7% v. 10.5%), depression (27.5% .
33.7%), euphoria (0.3% v. 1.5%), disinhibition (2.3% v. 4.9%),
psychomotor alterations (1.2% v. 2.8%) and sleep change (4.9% v.
9.4%) (all P <0.05). All BPSs in patients with dementia were
significantly more frequent than in the cognitively unimpaired and
MCI groups (all P < 0.001) (Table 2).

Unordered logistic regression analysis showed that, after adjust-
ment for age, education years, BMI, alcohol consumption, past
medical history of hypertension, general surgical anaesthesia,
cerebrovascular disease, diabetes mellitus, thyroid dysfunction and
coronary heart disease, delusions (odds ratio = 2.72, 95%CIL: 1.61,
459, P<0.001), agitation (odds ratio = 1.81, 95%CL 123,
2.66, = 0.003), depression (odds ratio = 1.70, 95%CI: 1.37, 2.11,
P < 0.001), anxiety (odds ratio = 1.32, 95%CI: 1.06, 1.65, P = 0.015),
euphoria (odds ratio = 6.92, 95%CI: 1.50, 31.97, P = 0.013), apathy
(odds ratio = 1.48, 95%CI: 1.16, 1.89, P = 0.002), disinhibition (odds
ratio = 2.12, 95%CI: 1.19, 3.78, P = 0.011), psychomotor alterations
(odds ratio = 3.80, 95%CI: 1.63, 8.83, P = 0.002), sleep change (odds
ratio = 1.68, 95%CI: 1.12,2.52, P = 0.012) and appetite change (odds
ratio = 1.48, 95%CI: 1.06. 2.05, P = 0.021) were associated with MCI
(based on Model 1) (Fig. 2(a)). All 12 BPSs were associated with
dementia based on Model 1 (all P < 0.001) (Fig. 2(b)).

After adjustment for the interaction effect of BPSs, delusions
(odds ratio = 1.97, 95%CI: 1.13, 3.44, P = 0.016), depression
(odds ratio = 1.51, 95%CIL: 1.2, 1.92, P = 0.001), euphoria (odds
ratio = 491, 95%CL: 1.08, 22.42, P = 0.04) and psychomotor
alterations (odds ratio = 2.44, 95%CI: 1.02, 5.84, P = 0.046) were
independently associated with MCI (Model 2) (Fig. 2(a)). Delusions
(odds ratio = 2.28, 95%CI: 1.23, 4.21, P = 0.009), agitation
(odds ratio = 2.12, 95%CI: 1.33, 3.39, P = 0.002), euphoria
(odds ratio = 7.96, 95%CI: 1.57, 40.27, P = 0.012), apathy (odds
ratio = 2.43, 95%CI: 1.76, 3.37, P <0.001), psychomotor alter-
ations (odds ratio = 34.95, 95%CI: 14.63, 83.49, P < 0.001) and
sleep change (odds ratio = 2.69, 95%CI: 1.70, 4.25, P < 0.001) were
independently associated with dementia (Model 2) (Fig. 2(b)).

Discussion

The results suggest that NPI scores, percentage of patients with
BPSs and the number of BPSs increased significantly with declining
cognitive function. Delusions, depression, euphoria and psycho-
motor alterations were independently associated with MCI.
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Delusions, agitation, euphoria, apathy, psychomotor alterations
and sleep change were independently associated with dementia.

The prevalence rate of cognitive impairment in this study was
79.1%, higher than the previous prevalence rate found in the
domestic community or elderly in-patient population®*%; however,
because of the large sample size in our cohort, there were still 600
patients who exhibited cognitively unimpaired behaviour for further
analysis. The high prevalence of cognitive impairment in our patients
may be related to the fact that many patients who actively seek
assessment in the cognitive out-patient clinic had already developed
related symptoms severe enough for consideration of dementia and
were referred for evaluation, resulting in a higher frequency of
cognitive impairment in our data-sets. Among the different cognitive
functions, there were differences between groups in socioeconomic
and clinical status; the more risk factors, the more severe the
impairment of cerebral function, and the higher the risk of cognitive
impairment, as suggested by previous studies.*~>*> Education level is
another important factor in association with cognitive function. Bell
et al?® highlighted that higher cognitive ability and educational level
were associated with better affective function, while Lovdén?’ showed
educational attainment has positive effects on cognitive function and,
in our study, patients who were cognitively unimpaired received
significantly longer education.

With ageing and gradual cognitive decline, various types of
BPSs are likely to occur, and the change in the number of BPSs
showed a similar tendency to the change with age. In the present
study, the percentages of patients with at least one BPS
manifestation were 59.6% and 86.1% in the MCI and dementia
groups, respectively. Mortby et al*® conducted a study on the
cognitive function of 1417 community older adults and found that
the percentages of patients with MCI and dementia with at least one
type of BPS were 53.4% and 80%, respectively, both of which were
lower than in this study, which may be related to the different
diagnostic procedure and study population.

In previous studies, an estimated 12.8-66.0% of individuals
with MCI exhibit some type of BPS, with depression (median
prevalence of 29.8%), sleep disturbances (median prevalence of
18.3%) and apathy (median prevalence of 15.2%) being the most
prevalent,” while in the present study, the most frequent three
BPSs were depression (34.3%), anxiety (29.1%) and apathy (27.2%),
each of which may become more pronounced as emotion
regulation capacity worsens when dementia worsens.*® According
to the sub-syndromes defined by European Alzheimer’s Disease
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Table 1 Demographic and clinical characteristics

Overall population Cognitively unimpaired group Mild cognitive impairment group Dementia group
Iltems (n = 3273) (n = 688) (n = 1831) (n = 754) P P! P? P3
Age (years) 67.0 £ 13.4 574 £15.3 67.0 £11.3 75.7 £10.1 <0.001 <0.001 <0.001 <0.001
Gender 0.658 0.658 0.741 0.640
Male 1423 (43.5) 300 (43.6) 785 (42.9) 338 (44.8)
Female 1850 (56.5) 388 (56.4) 1046 (57.1) 416 (55.2)
Education (years) 100 + 4.4 119+37 100+ 4.0 80+49 <0.001 <0.001 <0.001 <0.001
Body mass index (kg/m? 233+ 34 235+ 3.4 235+33 23.1+34 0.003 0.003 1.000 0.005
Smoking 853 (26.1) 169 (24.6) 471 (25.7) 213 (28.2) 0.249 0.249 0.551 0.113
Alcohol consumption 306 (9.3 5 (6.5) 175 (9.6) 6 (11.4) 0.006 0.006 0.017 0.001
History of hyperlipidaemia 927 (28.3) 179 (26.0) 526 (28.7) 222 (29.4) 0.299 0.299 0.177 0.147
History of anaemia 468 (14.3) 109 (15.8) 244 (13.3) 115 (15.3) 0.191 0.191 0.105 0.757
History of hypertension 1558 (47.6) 266 (38.7) 881 (48.1) 411 (54.5) <0.001 <0.001 <0.001 <0.001
History of general surgical 1399 (42.7) 328 (47.7) 785 (42.9) 286 (37.9) 0.001 0.001 0.031 <0.001
anaesthesia
History of cerebrovascular disease 728 (22.2) 85 (12.4) 378 (20.6) 265 (35.1) <0.001 <0.001 <0.001 <0.001
History of diabetes mellitus 577 (17.6) 83 (12.1) 294 (16.1) 200 (26.5) <0.001 <0.001 0.012 <0.001
History of carbon monoxide 70 (2.7) 17 (2.5) 45 (2.5) 8 (1.1) 0.066 0.066 0.985 0.040
poisoning
History of thyroid dysfunction 305 (9.3 72 (10.5) 180 (9.8) 53 (7.0) 0.043 0.043 0.636 0.021
History of brain trauma 344 (10.5) 72 (10.5) 191 (10.4) 81 (10.7) 0.972 0.972 0.980 0.864
Family history of dementia 516 (15.8) 116 (16.9) 280 (15.3) 120 (15.9) 0.624 0.624 0.335 0.628
History of coronary heart disease 578 17.7) 87 (12.6) 295 (16.1) 196 (26.0) <0.001 <0.001 0.367 <0.001
MOoCA-B score 7 (11, 22) 25 (24, 27) 7 (13, 20) 8 (5, 11.25) <0.001 <0.001 <0.001 <0.001
MMSE score 25 (20, 27) 28 (26, 29) 5 (22, 27) 15 (9, 20) <0.001 <0.001 <0.001 <0.001
ADL score 6 (14, 21) 14 (14, 16) 6 (14, 18) 28 (24, 34) <0.001 <0.001 <0.001 <0.001
NPI score 10,6 10, 2 10,4 6 (2, 15) <0.001 <0.001 <0.001 <0.001
MoCA-B, Montreal Cognitive Assessment-Basic; MMSE: Mini-mental State Examination scale; ADL: Activities of Daily Living scale; NPI, Neuropsychiatric Inventory, P, comparison between the rates of the three groups: cognitively unimpaired group, mild cognitive impairment
(MCI) group and gfggﬂga group; P'-3, comparisons between any two means, P, value corresponding to MCI group versus cognitively unimpaired group; P2, P-value corresponding to dementia group versus cognitively unimpaired group; P3, P-value corresponding to dementia
group versus M L

el n
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Table 2 Comparison of the occurrence of behavioural and psychological symptoms

symptoms (BPSS)

Existence of BPSs
Numbers of BPSs

Delusions
Hallucinations
Agitation
Depression
Anxiety
Euphoria

Apathy
Disinhibition
Irritability
Psychomotor alt
Sleep change
Appetite change

Behavioural and psychological

QOccurrence of BPSs in each group

erations

Overall

population

n (%)
66.4%
10,3

327 (10)
270 (8.2
487
1123
953

)
)
)

3
2

(
82
(14.
(34.
(29.
64 (2.0)
(
©.
(
@.
(

9

3

1
890 (27.2
219
494 (15.1)
233 (7.1)
440 (13.4)
406 (12.4)

27.2)
7)
1

Cognitively

unimpaired

group n (%)
53.5%

62 (9.0)

MCI group

n (%)

59.6%
10,2

212 ('I 1.6)

Dementia
group
n (%)
86.1%
3(1,5)

178 (23.6
149 (19.8
255
317

)
)
)
)
292 )

3.
2.
8.

114
191
173 (22.9
234 (31.0
132 (17.5)

3
4
3
47
15
25

(
(
(
(
(
34 (4.5
356 (47.2)
(15.1)
(25.3)
22.9)
(31.0)
(

P

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

P1
0.006
<0.001

<0.001
0.842
<0.001
0.003
0.284
0.0M
0.051
0.005
0.429
0.014
<0.001
0.065

MCI, mild cognitive impairment; P, comparison between the rates of the three groups: cognitively unimpaired group, MCI group and dementia group; P'-3, comparisons between any two
means; P, value corresponding to MCI group versus cognitively unimpaired group; P?, P-value corresponding to dementia group versus cognitively unimpaired group; P°, P-value
corresponding to dementia group versus MCI group.

PZ P3
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
<0.001 <0.001

(@) Cognitively 0dds (b) Cognitively 0Odds

BPS unimpaired MCl Model 1 —— Model2—— ratio  95%Cl P BPS unimpaired Dementia Model 1 —+— Model 2 —+— ratio 95% Cl P
Delusions prmfprmerd 272 <0.001 Delusions — 8.60 [4.93,15.03] <0.001
—— 1.97 [1.13,3.44] 0.016 —_— 228 [1.23,4.22] 0.009
Hallucinations —— 1.16 074,181 0.527 Hallucinations — 5.64 [3.47,9.16] <0.001
. 072 [0.45,1.17) 0.186 e 150 [0.87,2.60] 0.149
Agitation —b— 1.81 [1.23,2.66] 0.003 Agitation — 6.49 [4.28,9.83] <0.001
— 1.33 [0.88,2.01] 0.181 e 212 [1.33,3.39] 0.002
Depression - 1.70 [1.37,2.11] <0.001 Depression —— 2.69 [2.05,353] <0.001
== 1.51 [1.33,1.92] 0.001 —— 132 [0.96,1.81] 0.085
Anxiety —— 1.32 [1.06,1.65] 0.015 Anxiety —— 252 [1.91,331] <0.001
== 099 [0.77,1.26] 0.902 —— 114 [0.82,1.57) 0438
Euphoria — 6.92 [1.50,31.97] 0.013 Euphoria —25.21 [5.12, 124.07] <0.001
_— 4.91 [1.08,22.42] 0.040 —_— 7.96 [1.57,40.27] 0.012
Apathy o 148 [1.16,1.90] 0.002 Apathy s 4.82 [3.60,6.45] <0.001
Lo 112 [0.86,1.47] 0.392 —— 243 [1.77,3.37] <0.001
Disinhibiton bt 212 [1.19,3.78] 0.011 Disinhibiton e 7.02 [3.80,12.99] <0.001
et ——t 157 [0.85,292] 0.152 ——— 196 099,389 0.054
Irritability e— 128 [095,1.74] 0.108 Irritability —— 3.60 [2.53,5.11] <0.001
—er— 090 [0.65,1.25] 0.542 e 118 [0.78,1.77) 0436
Psychomotor alterations —_— 3.80 [1.63,8.83] 0.002 Psychomotor alterations e 34.95 [14.63, 83.49] <0.001
G 2.44 [1.02,5.84] 0.046 —_— 10.03 [4.04,24.91] <0.001
Sleep change e 1.68 [1.12,2.52] 0.012 Sleep change —_— 6.07 [3.94,9.34] <0.001
= 128 [0.84,1.93] 0.249 —— 2.69 [1.70,4.25] <0.001
Appetite change —e— 1.48 [1.06,2.05] 0.021 Appetite change —— 2.53 [1.71,3.730] <0.001
[ e 1.19 [0.85,1.68] 0.320 T—— 137 [0.89,2.09] 0.151

0.1 1 10 100 0.1 1 10 100

Fig. 2 Forest plot of factors associated with mild cognitive impairment (MCI) or dementia. (a) Forest plot of factors associated with MCI.
(b) Forest plot of factors associated with dementia. BPS, behavioural and psychological symptoms. Model 1: adjustment for age, education

years, body mass index, alcohol consumption, past medical history of hypertension, general surgical anaesthesia, cerebrovascular disease,

diabetes mellitus, thyroid dysfunction and coronary heart disease. Model 2: all BPSs were included based on Model 1 with mutual adjustment.

Consortium,* depression and anxiety are classified into affective
symptoms, and therefore the results in our study indicated the
importance of affective symptoms worsening, which showed the
highest prevalence in our cohort.’? As for apathy, which belonged
to the apathy sub-syndrome, Malpetti et al*> found it was an early
marker of frontotemporal dementia and could be used to predict
cognitive function deterioration, even before dementia onset, which
also suggested that a close monitor of the patients in our cohort is
necessitated. For another two sub-syndromes (hyperactivity:
agitation, euphoria, disinhibition, irritability and aberrant motor
behaviours; psychosis: delusions, hallucinations and sleep change),
although these symptoms did not have as high prevalence as
depression, anxiety and apathy, there were still significant differ-
ences in prevalence for all these symptoms among the cognitively
unimpaired, MCI and dementia groups. In addition, a certain
percentage of patients in the cognitively unimpaired group had
more severe BPSs, such as hallucinations, delusions, disinhibition,
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etc., which may be associated with the fact that all of the
participants in this study were attending a neurologist/psychiatric
out-patient clinic.

The adjusted regression analysis in this study showed that
depression (P = 0.003) and euphoria (P = 0.011) were inde-
pendently associated with MCI compared with the cognitively
unimpaired group. In addition, delusions, agitation, depression,
apathy, disinhibition, psychomotor alterations and sleep change
were independently associated with dementia. This result is in
alignment with the study performed by Onoftj et al*4, who found
that delusion frequency could increase with the dementia disease
progression, while Sano et al*® proved that agitation is associated
with the degree of functional disability and poorer cognitive
scores. These findings were also consistent with the fact that
cognitive impairment severity is associated with higher numbers
and more severe BPSs; from the sub-symptoms perspective, the
effect of declined cognitive function on BPSs was widespread
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and, although not all BPSs exhibited a significant association, all
NPI sub-syndromes (hyperactivity, psychosis, apathy and
affective symptoms) were affected. Xu et al®! found similar
results in 613 Chinese people aged >60 years living in Singapore;
the incidence rate of two or more BPSs in different cognitive
states was lower than in the present study, where the majority of
patients were community-dwelling older adults, that is, a
relatively healthy group compared with patients with multiple
visits to the out-patient clinic, which may be associated with a
lower rate of BPSs.

This study had some limitations. First, this study used a cross-
sectional design, which prevents causality determination. Second,
the study enrolled only out-patients in the neurology department,
which might introduce some bias because these patients were
referred for a cognitive evaluation. Third, the patients were from a
single hospital, limiting the sample size and generalisability. Finally,
the results of this study could be affected by different criteria of
diagnosis. In the future, there is a need to expand the sample size
and conduct relevant longitudinal studies to analyse the contribu-
tion of psychiatric and behavioural symptoms in the risk
development of cognitive decline and dementia.

In conclusion, BPSs have a high incidence rate in out-patients
with cognitive impairment. The NPI scores, BPS incidence and the
numbers of BPSs increased significantly with declining cognitive
function. All BPSs were significantly different among the three
cognitive level groups. Partial BPSs increase the risk of cognitive
impairment and should be taken seriously.
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