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Background: Agitation is common among older adults with dementia, negatively 
affecting their quality of life and their caregivers’. Since home care remains the 
dominant approach for older adults, this study investigates the risk factors for 
agitation in older adults with dementia in China.

Methods: We perform a cross-sectional study of home-cared older adults with 
dementia in Ningbo, China, using 2020 data. We use a self-made questionnaire 
to investigate the risks of agitated behavior and its related factors. We perform 
descriptive, univariate, and regression analyses.

Findings: We address 640 older Chinese adults; 42.8% of the sample exhibits one 
or more agitated behaviors. We find that basic health issues, such as activities of 
daily living (ADL), family support issues, such as Zarit Burden Interview (ZBI) scale 
and Family APGAR Questionnaire (APGAR), and behavioral awareness issues, such 
as fall and scald, significantly influence the occurrence of agitation behaviors 
(p < 0.05). Older adults with severe ADL disorder (b = 6.835, β = 0.196, p < 0.001), 
ZBI score of 67.00–88.0 (b = 10.212, β = 0.248, p = 0.005), severe APGAR disorder 
(b = 3.699, β = 0.100, p = 0.012) and a history of fall (b = 9.311, β = 0.199, P = <0.001) or 
scald (b = 9.288, β = 0.125, p = 0.002) are more likely to exhibit agitated behaviors.

Interpretation: Agitated behavior in home-cared older adults with dementia are 
diverse and related to mental state, family support, and behavioral awareness 
issues. Caregivers, often family members, should be  attentive to the needs of 
dementia patients and take active and effective measures to improve their quality 
of life. They should be aware of the causes and triggers of agitated behavior and 
take steps to reduce its occurrence.
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1. Introduction

Dementia is a leading cause of disability in people older than 65 in China (Li et al., 2015; 
Charlson et al., 2016; Feigin et al., 2019). More than 55 million people live with dementia 
worldwide, and the number is expected to reach 78 million by 2030 (2022). In China, the 
incidence rate of dementia in older adults aged 60–69 years is 2.9%, and it reaches 31.9% in those 
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over 90 years old (Jia et  al., 2020). With the aging of the Chinese 
population, the number of elderly patients with dementia has 
increased (Wang et al., 2019). According to the latest statistics, in 
2019, over 15.33 million Chinese people had dementia, and the 
number is expected to reach 45.33 million by 2050 (Nichols et al., 
2022). Along with cognitive and functional decline, roughly five out 
of every six patients, including those who are home-cared, exhibit 
behavioral and psychological symptoms in dementia (BPSD) (Ismail 
et al., 2016). In addition, within 2 years of dementia diagnosis, 20% of 
those who were initially asymptomatic will develop symptoms, while 
50–80% of those with significant symptoms will stay agitated for 
several months (Hendriks et al., 2015). Furthermore, at least 50% of 
older adults with dementia have severe BPSD on a monthly (Ryu et al., 
2005). Agitated behavior is one of the most prevalent and difficult 
BPSD, causing feelings of helplessness and distress in families and 
formal caregivers (Givens et  al., 2015), as well as being a strong 
predictor of poor quality of life (Wetzels et al., 2010).

Agitated behavior is defined as inappropriate verbal, vocal, or 
motor activity and encompasses physical and verbal aggression 
(Cohen-Mansfield and Billig, 1986). Among those with moderate or 
severe dementia, approximately 50% of patients experience behavioral 
symptoms every month, and 70–90% exhibit at least one or more 
behavioral symptoms during onset, the most frequent being physical 
non-agitated behavior (Seitz et al., 2010). A family survey has reported 
that the incidence of dementia agitation exceeds 50% (Hamel et al., 
1990). The recurring hospitalization of the elderly with dementia is 
mostly due to the emergence of agitation behavior, which places a 
great load on both the elderly and their caregivers (Wolf et al., 2018; 
Yilmaz and Aşiret, 2021). When the agitated behavior of older adults 
with dementia is severe, it may lead to violent and aggressive behavior, 
threatening the safety of themselves and their caregivers. In addition, 
since almost all dementia patients rely on others for care during their 
illness, especially family caregivers (non-professional caregivers) (Liu 
et al., 2017), exploring factors related to agitated behavior in dementia 
patients is critical for the safety of older people with dementia and 
their caregivers.

Individual factors, human nature, and the physical environment 
have a cumulative influence on the onset and progression of agitation 
in the elderly with dementia. Understanding these influencing factors 
can assist caregivers in avoiding as much inducement and aggravation 
factors as feasible in order to effectively prevent the occurrence and 
development of agitation behavior. According to the existing research, 
the main six factors that cause agitation in older people with dementia 
are as follows: (1) Basic demographic factors: Cohen-Mansfield and 
Marx (1992) discovered a higher incidence of speech agitation in 
women compared to males, whereas Schreiner found no gender 
difference (Schreiner, 2001). For older adults with dementia receiving 
nursing home care, married older adults showed more aggressive 
behavior than unmarried e older adults (Cohen-Mansfield and Marx, 
1992). In addition, other studies have shown a positive correlation 
between age and verbal arousal (Pelletier and Landreville, 2007). (2) 
Disease-related factors: dementia type and disease severity are also 
significant determinants of agitation. Most studies indicate that the 
severity of the disease and the degree to which cognitive function is 
impaired correlates with the severity of the agitated behavior of the 
older adults with dementia, particularly the physical aggressive, 
physical non-aggressive, and verbal aggressive behaviors (Robitaille 
et  al., 2015). (3) Mental and psychological factors: BPSD include 

behavioral symptoms such as agitation, emotional symptoms such as 
depression and anxiety, and mental symptoms such as hallucinations 
and delusions, among which behavioral symptoms are often 
accompanied by emotional symptoms and mental symptoms (Bessey 
and Walaszek, 2019). Studies have shown that the severity of mental 
symptoms in older adults with dementia is positively correlated with 
the severity of aggressive behavior (Volicer et al., 2012). (4) Social and 
cultural environment factors: the social participation of older adults 
with dementia and the surrounding cultural environment are also 
important factors affecting agitation behavior. Lack of activity and 
communication disorder can lead to aggressive behavior (Talerico 
et al., 2002; Kong, 2005). (5) Physical environment factors: the physical 
environment around the older adults with dementia is another 
important dimension of the factors affecting agitation behavior (Kong, 
2005). It is critical to maintain a stable, quiet, and pleasant atmosphere, 
as well as adequate stimuli, in order for older adults with dementia to 
feel at ease and familiar, which is critical for controlling agitation 
behavior. Understanding these influencing factors can assist caregivers 
in avoiding as much inducement and aggravation factors as feasible in 
order to effectively prevent the occurrence and development of 
agitation behavior. Furthermore, the majority of current studies focus 
on the agitation behavior of older adults with dementia in nursing 
homes, with few investigations on home-cared older adults with 
dementia. However, the statistics released by Alzheimer’s Disease 
International indicate that over 70% of older adults with dementia live 
at home (2022). Hence, the factors related to agitated behavior of 
dementia patients, especially those resorting to family support, should 
be  explored. Reducing the occurrence of agitated behavior and 
improving the living conditions of patients with dementia are of 
utmost importance.

As the disease progresses, the majority of adults with dementia 
require care at home from family members (Van Den Wijngaart et al., 
2007). Therefore, emotional support and life care from family 
members play a significant role in the occurrence of agitation in adults 
with dementia. This study investigated home-cared older adults with 
dementia and influencing factors of their aggressive behavior, which 
is crucial for reducing the incidence of dementia patients and 
improving the older adults’ healthy life quality.

2. Materials and methods

2.1. Study design

This study conducted a cross-sectional analysis of data collected 
from three communities in Ningbo City, Zhejiang Province, in 2020 
to investigate the risk factors for agitation in home-cared older adults 
with dementia. All participants provided informed consent before the 
questionnaire. The local ethics committee approved this study. The 
study protocol and content were approved by the Research Ethics 
Committee of the Ningbo College of Health Sciences 
(NBWY-2019-012).

2.2. Participant

Inclusion criteria: a. being older than 60 as per the local population 
census; b. conforming to the Diagnostic and Statistical Manual of 
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Mental Disorders, Fifth Edition (DSM-V) dementia diagnoses and 
being confirmed by clinicians; c. receiving home care; and d. willing 
to respond to the questionnaires.

Exclusion criteria: a. being under 60 years of age according to the 
local population census; b. Clinical Dementia Score (CDR) =0 or 0.5; 
c. receiving nursing home care or other non-home care.

2.3. Sampling

The sample size was calculated according to the survey sample size 
estimation formula for the current survey rate (Supplementary material). 
We  removed questionnaire with missing age and sex, and missing  
CMAI score values of more than 10%. Finally, a total of 640 valid 
questionnaires were retained (Figure 1).

2.4. Study indicators

This study was conducted using a self-administered questionnaire 
based on a maturity scale. The questionnaire included three parts: the 
situation of older adults, assessment of agitation behavior, and potential 
risk factors (literature-learned). Specific questionnaire contents and 
indicators are in the (Supplementary material). The Cronbach’s α of the 
questionnaire is 0.888, whereas the Kaiser–Meyer–Olkin (KMO) 
was 0.911.

2.4.1. Evaluation of agitation behavior
The Cohen Mansfield Agitation Inventory (CMAI) was used to 

evaluate agitation behavior of older adults with dementia. The CMAI has 

four dimensions and 29 items. Physical agitated behavior (12 items), 
physical non-agitated behavior (nine items), verbal agitated behavior 
(four items), and verbal non-agitated behavior (four items) (Cohen-
Mansfield, 1986; Cohen-Mansfield et al., 1989; Lin et al., 2007). We rated 
the answers using a seven-point Likert Scale. The total score for agitated 
behavior ranged from 29 to 203 points; a total score ≥ 39 points indicated 
the existence of agitated behavior. The higher the score, the more severe 
the agitated behavior (Husebo et al., 2014). If at least two types of agitated 
behavior scored four points or above, or at least three scored three points 
or above, or at least four of scored two points or above, the behavior was 
considered agitated (Katz et  al., 1963; Rabinowitz et  al., 2005). The 
Cronbach’s α for the CMAI is 0.931, whereas the Kaiser–Meyer–Olkin 
(KMO) was 0.931.

2.4.2. Basic health issues
We collected basic demographic information, including gender, 

age, marital status, education level of older adults, types of dementia 
and the number of chronic diseases.

Then, we used the activities of daily living (ADL) scale to evaluate 
the health status of participants. ADL has 10 items. Each item was 
rated as one to four, respectively. In line with the Barthel index score, 
more than 60 points represent good ability, 41–60 points denote 
moderate dysfunction and ≥ 40 points indicate severe dysfunction 
(Katz et al., 1963). The Cronbach’s α for the ADL is 0.925, whereas the 
Kaiser–Meyer–Olkin (KMO) was 0.865.

2.4.3. Family support issues
Family support issues include number of children, education level 

of the caregiver, age of the caregiver and the caregiver’s knowledge 
of dementia.

FIGURE 1

Baseline flow diagram of recruited older adults with dementia.
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We used the Zarit Burden Interview (ZBI) scale to assess 
caregivers’ feelings regarding the burden of caring for older adults 
with dementia at home. ZBI has four dimensions: caregiver health, 
mental state, and economic and social life. We  considered 22 
items, and each scored from zero to four points; a score of 21–40 
and 41–60 points indicate no or mild burden and moderate or 
heavy burden, respectively (Zarit et al., 1980). The Cronbach’s α 
for the ZBI is 0.953, whereas the Kaiser–Meyer–Olkin (KMO) 
was 0.949.

Besides, we used the Family APGAR Questionnaire (APGAR) to 
measure the subjective satisfaction of older adults to family functions. 
The Family APGAR Questionnaire has five items and three possible 
responses (2, 1, 0) to each item. The total scores may range from 0 to 
10 (low to high satisfaction with family function) (Smilkstein et al., 
1982). The Cronbach’s α for the APGAR is 0.945, whereas the Kaiser–
Meyer–Olkin (KMO) was 0.879.

2.4.4. Behavioral awareness issues
We used the University of Washington Clinical Dementia Score 

(CDR) to assess the severity of Alzheimer’s disease (AD). The CDR is 
constructed from a semi-structured interview with the patient and a 
suitable informant and assesses impairment in each of six cognitive 
categories (Memory, Orientation, Judgment and Problem Solving, 
Community Affairs, Home and Hobbies, and Personal Care) using a 
five-point scale (Morris, 1993). From the six individual category 
ratings, clinical scoring rules determine the global CDR, with CDR 1, 
2, or 3 indicating mild, moderate, or severe dementia (Morris, 1993). 
The Cronbach’s α for the CDR is 0.935, whereas the Kaiser–Meyer–
Olkin (KMO) was 0.899.

In addition, we measured whether the elderly had fallen, aspirated, 
scalded and fallen out of bed in the last 3 months.

2.5. Statistical methods

We used SPSS 27.0 software for statistical description and data 
analysis. We employed the Mann–Whitney U tests and Kruskal-Wallis 
H tests to determine whether each variable affected the risk of 
agitation in home-cared older adults with dementia (p < 0.05). After 
identifying the relevant factors as independent variables, we employed 
the CMAI score as the dependent variable. We used a multiple linear 
model to evaluate correlations with agitation (p < 0.05). We set the 
test’s significance level at α = 0.05 (Miller and Ulrich, 2019).

3. Results

3.1. Occurrence of four types of agitated 
behavior among home-cared older adults 
with dementia

In this study, 33.3% home-cared older adults had mild dementia, 
29.7% had moderate dementia, and 37% had severe dementia 
(Table 1). We measure the risk of four types of agitated behavior in 
older adults with dementia using CMAI. The incidence of physical 
non-agitated behavior is the highest (37.0%), followed by physical 
agitated behavior (20.9%), verbal non-agitated behavior (13.0%), and 
verbal agitated behavior (10.5%). Moreover, as shown in Figure 2, 

approximately one-fourth of older adults with dementia exhibited two 
or more types of agitation simultaneously.

3.2. Associated factors of agitated behavior 
risk among home-cared older adults with 
dementia

The results of the one-factor analysis (Table 1) show that, in terms 
of the basic health issues, age, level of education, ADL of home-cared 
older adults with dementia were associated to the occurrence of 
agitation behavior (p < 0.05) (Table 1). In terms of the family support 
issues, ZBI, the education level of caregivers, the age of caregivers and 
APGAR were associated with agitated behavior (p < 0.05) (Table 1). 
Furthermore, in terms of the behavioral awareness issues, home-cared 
older adults with dementia who had fallen, aspirated, scalded, and 
fallen out of bed in the last 3 months were likely to have agitated 
behavior (p < 0.05) (Table 1).

3.3. Regression analysis of factors related 
to agitated behavior risk among 
home-cared older adults with dementia

We employed the basic health issues, family support issues and 
behavioral awareness issues as independent variable, and the CMAI 
score as dependent variable. We  used a multiple linear model to 
evaluate correlations.

The regression analysis results (Table 2) show that, in terms of the 
basic health issues, the home-cared older adults with mild ADL 
disorder (b = 5.197, β = 0.140, p = 0.007), moderate ADL disorder 
(b = 11.087, β = 0.228, p < 0.001), and severe ADL disorder (b = 6.835, 
β = 0.196, p < 0.001) were more likely to exhibit agitated behavior than 
the older adults with dementia who received better home care with 
ADL. Moreover, older adults with a high school education (b = −4.719, 
β = −0.129, p = 0.004) were less likely to exhibit agitated behavior than 
the illiterate.

Then, in terms of the family support issues, home-cared older 
adults with ZBI score of 67.00–88.0 (b = 10.212, β = 0.248, p = 0.005) 
were more likely to exhibit agitated behavior than those with a ZBI 
score of 22.0 or lower. Additionally, older adults with moderate 
(b = 3.827, β = 0.088, p = 0.018) or severe family dysfunction (b = 3.699, 
β = 0.100, p = 0.012) were more likely to exhibit agitated behavior than 
those with healthy family function.

Furthermore, in terms of the behavioral awareness issues, older 
adults with dementia who had fallen (b = 9.311, β = 0.199, P = <0.001) 
or scalded (b = 9.288, β = 0.125, p = 0.002) in the past 3 months were 
more likely to have agitated behavior.

4. Discussion

After a multi analysis of home-cared older adults with dementia 
in Ningbo, China, we found that among the 640 elders, 37% have 
severe dementia, 37% show physical non-agitated behavior, and 
almost 1/4 exhibit two or more types of agitation simultaneously. The 
results of this study indicates that the basic health issues, family 
support issues and behavioral awareness issues of home-cared older 
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TABLE 1 One-factor analysis of risk factors associated with agitated behavior.

Variable N (%) Median Test statistic p-value

Basic health issues

Gender Males 297 (46.4%) 36.0 (29.0 ~ 50.0) 51497.500 0.808*

Females 343 (53.6%) 35.0 (30.0 ~ 49.0)

Age (in years) 60–74 204 (31.9%) 38.0 (31.0 ~ 53.0) 16.613 <0.001✢

75–89 361 (56.4%) 35.0 (29.0 ~ 48.0)

Above 90 75 (11.7%) 33.0 (29.0 ~ 40.0)

Marital status Married 308 (48.4%) 35.0 (29.0 ~ 48.5) 0.945 0.331*

Single 328 (51.6%) 36.0 (30.0 ~ 50.0)

Educational level of the 

elderly

Illiteracy 174 (27.2%) 39.0 (31.0 ~ 55.0) 15.180 0.002✢

Primary 247 (38.6%) 36.0 (29.0 ~ 51.0)

Middle 197 (30.8%) 33.0 (29.0 ~ 42.0)

University and above 22 (3.4%) 35.5 (29.0 ~ 51.0)

Types of dementia Alzheimer’s disease 391 (71.2%) 35.0 (29.0 ~ 51.0) 6.245 0.100✢

Vascular dementia 33 (6.0%) 38.0 (30.0 ~ 57.0)

Mixed dementia 68 (12.4%) 39.5 (31.5 ~ 51.5)

Others 57 (10.4%) 33.0 (29.0 ~ 43.0)

Number of chronic 

diseases

No 119 (18.7%) 33.0 (29.0 ~ 44.0) 7.341 0.025✢

A type 173 (27.1%) 36.0 (30.0 ~ 52.0)

Various kinds 346 (54.2%) 36.0 (30.0 ~ 50.0)

Activities of daily living Very mild 103 (16.1%) 29.0 (29.0 ~ 32.0) 93.348 <0.001✢

Mild 189 (29.6%) 37.0 (32.0 ~ 50.0)

Moderate 97 (15.2%) 43.0 (34.0 ~ 57.0)

Severe 250 (39.1%) 37.0 (29.0 ~ 53.0)

Family support issues

Number of children 0 60 (9.6%) 37.5 (32.0 ~ 51.0) 8.656 0.034✢

1 145 (23.2%) 33.0 (29.0 ~ 46.0)

2 207 (33.1%) 35.0 (29.0 ~ 49.0)

Above3 214 (34.2%) 37.0 (30.0 ~ 53.0)

Zarit burden interview ≤22.00 19 (3.0%) 29.0 (29.0 ~ 35.0) 65.740 <0.001✢

23.00–44.00 176 (27.5) 32.0 (29.0 ~ 39.0)

45.00–66.00 283 (44.3%) 36.0 (30.0 ~ 46.0)

67.00–88.00 145 (22.7%) 49.0 (31.0 ~ 61.0)

Above89.00 16 (2.5%) 48.0 (32.0 ~ 72.5)

Educational level of the 

caregivers

Illiteracy 39 (6.3%) 41.0 (30.0 ~ 60.0) 13.695 0.003✢

Primary 220 (35.4%) 35.0 (29.0 ~ 46.5)

Middle 285 (45.8%) 37.0 (29.0 ~ 43.0)

University and above 78 (12.5%) 33.0 (29.0 ~ 43.0)

Age of the caregivers Under 44 115 (18.1%) 35.0 (29.0 ~ 45.0) 21.792 <0.001✢

45–59 274 (43.2%) 37.0 (31.0 ~ 53.0)

60–74 159 (25.1%) 36.0 (30.0 ~ 53.0)

Above 75 86 (13.6%) 31.0 (29.0 ~ 43.0)

(Continued)
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adults with dementia have an impact on the occurrence of their 
agitated behavior. Further analysis of these influencing factors is of 
great significance for the study of home care for the older adults 
with dementia.

4.1. Analysis of the current situation in 
home-cared older adults with dementia

This study indicated that home-cared older adults with dementia 
were slightly more likely to exhibit two or more agitated behaviors 
(22.7%) than to exhibit only one agitated behavior (20.2%). In 
addition, among the four agitated behavior, the incidence of physical 
non-agitated behavior was the highest (37.0%), followed by physical 

agitated behavior (20.9%), which may be owing to the fact that family 
caregivers are more likely to observe volatile, transient, and minor 
behaviors, such as physical non-agitated behaviors such as repetitive 
movements and verbal non-agitated behaviors such as repetitive 
sentences, than professional nursing staff, such as nurses, who 
contribute attention to behaviors that affect nursing work or daily 
management, such as physical agitated behaviors (Dukas, 2020).

Physical non-agitated behavior is associated with the older adults’ 
incapacity to express their needs or lead a monotonous lifestyle, 
reflecting the older adults’ need for social opportunities or physical 
exercise (Altunöz et al., 2015). Verbal non-agitated behavior is linked 
with the caregiver providing care without communicating with the 
patient, and repeated sentences or inquiries had been most prevalent, 
consistent with memory loss in patients with cognitive dysfunction 
(Isaac et al., 2021). Therefore, family caregivers of home-cared older 
adults with dementia should pay more attention to the social 
requirements and mutual communication of older adults.

4.2. The impact of basic health issues on 
agitated behavior in home-cared older 
adults with dementia

Due to memory, learning, thinking, spirit, and other aspects of the 
disorder, older adults with dementia frequently lose the ability to care 
for themselves. Previous studies have shown that the occurrence and 
persistence of agitation behavior in dementia patients is significantly 
related to the decline of daily living ability (Beck et al., 1998). In this 
study, we used the ADL scale to assess the daily living ability of older 
adults, and the results of multiple regression also showed that the lower 

TABLE 1 (Continued)

Variable N (%) Median Test statistic p-value

Caregiver knowledge Not understood 166 (27.0%) 33.5 (30.0 ~ 51.0) 1.721 0.423✢

General 248 (38.8%) 35.0 (29.0 ~ 49.0)

See 201 (31.4%) 39.0 (30.0 ~ 50.0)

APGAR Mild 317 (50.2%) 32.0 (29.0 ~ 41.0) 66.282 <0.001✢

Moderate 119 (18.8%) 38.0 (31.0 ~ 48.0)

Severe 196 (31.0%) 43.0 (34.0 ~ 56.0)

Behavioral awareness issues

Clinical dementia rating Mild 213 (33.3%) 35.0 (29.0 ~ 47.0) 3.658 0.161✢

Moderate 190 (29.7%) 34.0 (29.0 ~ 50.0)

Severe 237 (37.0%) 37.0 (31.0 ~ 50.0)

Fall No 534 (83.7%) 34.0 (29.0 ~ 45.0) 42501.500 <0.001*

Yes 104 (16.3%) 53.0 (41.0 ~ 65.0)

Aspiration No 549 (88.7%) 34.0 (29.0 ~ 46.00) 27261.500 <0.001*

Yes 70 (11.3%) 52.5 (38.0 ~ 61.0)

Scald No 575 (94.3%) 35.0 (29.0 ~ 47.0) 15848.000 <0.001*

Yes 35 (5.7%) 58.0 (46.0 ~ 73.0)

Falling out of the bed No 569 (93.3) 35.0 (29.0 ~ 47.0) 18446.000 <0.001*

Yes 41 (6.7%) 58.0 (44.0 ~ 72.0)

Data are expressed as median (interquartile range). P-value < 0.05 indicates stat. *Mann-Whitney U-tests; ✢Kruskal-Wallis H tests. Bold values  are statistically significant.

FIGURE 2

The occurrence of four types of agitated behavior in the older adults 
with dementia.
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the ADL of home-cared dementia patients, the higher the agitation 
score. The possible reason is that home-cared older adults with dementia 
who are better at daily living have more opportunities to interact with 
others and engage in physical activity, but the loss of daily living abilities 
makes it difficult for older adults to comprehend environmental 
stimulation, causing agitation (Lin et al., 2009). This finding reveals that 
as the disease progresses, home-cared older adults with dementia will 
require increasing assistance with activities of daily living, caregivers 
should communicate with the older adults with more patience and 
actively engage them in necessary physical activity and socialization.

4.3. The effects of ZBI and APGAR on 
agitated behavior in home-cared older 
adults with dementia

In China, due to the inequalities of the current medical security 
system and the impact of traditional family culture, home-based care 
has always played an essential role. In this study, about 50.1% of 

home-care providers for older adults with dementia are their spouses 
and children. When older adults with dementia reside with their 
families, family interventions (particularly family caregivers) can 
influence the disease’s progression or improvement to some extent. 
As the primary healthcare provider for older adults, family caregivers 
are responsible for providing a variety of nursing and support 
services. Long-term and intensive care will bring great burden to 
caregivers (Xiao et al., 2014). Previous research has demonstrated 
that the living conditions, care-giving abilities, and physical and 
mental health of caregivers have a direct impact on the quality of life 
and prognosis of older adults with dementia (Norton et al., 2013; 
Park et al., 2015). In this study, we use ZBI to assess the burden of 
care-giving across four dimensions: health, mental state, economic 
difficulties, and social life. The results indicated that dementia 
patients with a ZBI greater than 67 are more likely to exhibit agitated 
behavior than those with a ZBI of less than 23. Family can provide 
practical support for the elderly, but an increase in family burden will 
have a negative effect on the progression of dementia in the elderly. 
Continuous support and assistance for family caregivers can reduce 

TABLE 2 Multiple disorderly regression of the risk factors associated with agitated behavior.

Variable Unstandardized coefficients Standardized coefficients P-value

Basic health issues

75–89 years old of the elderly −4.127 ± 1.360 −0.120 0.003

Above 90 years old of the elderly −9.272 ± 2.169 −0.175 <0.001

Activities of daily living = 2.00 5.197 ± 1.912 0.140 0.007

Activities of daily living = 3.00 11.087 ± 2.258 0.228 <0.001

Activities of daily living = 4.00 6.835 ± 1.897 0.196 <0.001

Primary school education level of the elderly −3.019 ± 1.545 −0.087 0.051

Middle school education level of the elderly −4.719 ± 1.647 −0.129 0.004

University and above education level of the 

elderly

−0.597 ± 3.407 −0.006 0.861

Family support issues

Zarit burden interview = 23.00–44.00 −0.409 ± 3.402 −0.011 0.905

Zarit burden interview = 45.00–66.00 2.666 ± 3.402 0.078 0.434

Zarit burden interview = 67.00–88.00 10.212 ± 3.591 0.248 0.005

Zarit burden interview = Above89.00 8.577 ± 5.089 0.077 0.092

Primary school education level of the caregiver −1.306 ± 2.394 −0.037 0.586

Middle school education level of the caregiver 1.909 ± 2.390 −0.056 0.425

University and above education level of the 

caregiver

−3.071 ± 2.885 0.060 0.288

45–59 years old of the caregiver −0.0.071 ± 1.662 −0.002 0.966

60–74 years old of the caregiver 0.942 ± 1.786 0.025 0.598

Above 75 years old of the caregiver −2.867 ± 2.541 −0.045 0.260

Moderate family dysfunction 3.827 ± 1.617 0.088 0.018

Severe family dysfunction 3.699 ± 1.476 0.100 0.012

Behavioral awareness issues

Fall 9.311 ± 1.960 0.199 <0.001

Aspiration −1.095 ± 2.208 −0.496 0.620

Scald 9.288 ± 3.042 0.125 0.002

Falling out of the bed 4.266 ± 3.092 0.061 0.168

Bold values  are statistically significant.
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care-giving stress and improve their quality of life, as well as improve 
the health of older adults.

Additionally, for home-cares, daily life support is essential, but 
emotional support from family members should also be considered. 
In the context of the Chinese family pension, family is the primary or 
even sole focus of the social activity of older adults in their homes. The 
reactions of family caregivers to the emotions of the elderly, as well as 
how they interact with one another, have a significant impact on the 
emotional fluctuations of the elderly. In this research, we find that 
compared to older adults with well APGAR, those with moderate or 
severe APGAR were more likely to exhibit agitated behavior. Previous 
studies have also found that almost all variables of family dynamics 
(family satisfaction) are significantly associated with all variables of 
mental health for caregivers, for example, caregivers’ mental health is 
stronger when their family functions well (Sutter et al., 2014). As a 
result, family caretakers should pay more attention to methods and 
encouragement when interacting with the elderly. For example, when 
the elderly desire to participate in new activities or develop, family 
members should give their full approval and support.

4.4. Fall and scald are more likely to trigger 
agitated behavior in home-cared older 
adults with dementia

This study showed that older adults with dementia who had fallen or 
scalded in the last 3 months are more likely to have agitated behavior, 
which is probably because the patient’s physical injury will affect the 
patient’s mental state, and then cause the occurrence of provocative 
behavior. For example, approximately 5–15% of the elderly will sustain 
brain injuries, soft tissue contusions, dislocations, and other similar 
injuries as a result of falls (Katz et al., 2004). Furthermore, older adults 
with a high risk of falls and scalds have sequelae such as mobility disorders 
induced by some cerebrovascular diseases, which will also contribute to 
the occurrence of agitated behavior. Previous studies have also shown that 
there is a correlation between agitated behavior and the occurrence of falls 
in dementia patients (Katz et al., 2004; Dong et al., 2022). As a result, 
during the care process, we must also attach importance to avoid the 
occurrence of high-risk behavior that will harm the older adults’ physical 
health. For instance, the caregivers should inspect the indoor furniture 
and lighting every week, increase the bar and lighting in the indoor area 
where the older adults frequently engage in activities to reduce the risk of 
falls, adjust the height and placement of the kettle to reduce the risk of 
scalds, and more. Additionally, the older adults with dementia should 
avoid going to crowded locations and being outside when it is raining 
or snowing.

4.5. Limitations and prospects

Some limitations can be pointed from this study. Firstly, our study 
is a cross-sectional study and only surveyed in one city, which makes 
the representativeness of the sample may be insufficient. Secondly, 
we  have only explored basic health issues, family support issues, 
behavioral awareness issues, and there is insufficient research on the 
living environment of dementia patients.

As we know, agitated behaviors are diverse and closely related to 
mental state, family support and caregivers’ burden. The results of this 

study, demonstrating that the occurrence of agitated behavior is 
related to the ADL, ZBI, APGAR. For the home-cared older adults 
with dementia, their caregivers, such as relatives and adult children, 
should pay attention to the company of older adults with dementia, 
the causes and rules of dementia older adults’ anxiety behaviors, and 
take active and effective coping ways to improve the quality of life of 
older adults with dementia.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Author contributions

RM planned the study and the overall analysis method. JL and TL 
substantially contributed to acquisition and interpretation of data and 
writing of the manuscript. GL and XD contributed to data analysis 
and data collation. All authors contributed to the article and approved 
the submitted version.

Funding

This study was supported by the Fundamental Research funds for 
the Central Universities (HUST:2020kfyXJJS057) and the Natural 
Science Foundation of Zhejiang Province (LQ20H260006).

Acknowledgments

We would like to thank Editage (www.editage.co.kr) for English 
language editing.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2023.1189590/
full#supplementary-material

https://doi.org/10.3389/fnins.2023.1189590
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
http://www.editage.co.kr
https://www.frontiersin.org/articles/10.3389/fnins.2023.1189590/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2023.1189590/full#supplementary-material


Liu et al. 10.3389/fnins.2023.1189590

Frontiers in Neuroscience 09 frontiersin.org

References
Altunöz, U., Özel Kızıl, E. T., Kırıcı, S., Baştuğ, G., Biçer Kanat, B., Sakarya, A., et al. 

(2015). Dimensions of agitation based on the Cohen-Mansfield agitation inventory in 
patients with dementia. Turk Psikiyatri Derg. 26, 116–122. doi: 10.5080/u7628

 (2022). 2022 Alzheimer’s disease facts and figures. Alzheimers Dement. 18, 700–789. 
doi: 10.1002/alz.12638

Beck, C., Frank, L., Chumbler, N. R., O'Sullivan, P., Vogelpohl, T. S., Rasin, J., et al. 
(1998). Correlates of disruptive behavior in severely cognitively impaired nursing home 
residents. Gerontologist 38, 189–198. doi: 10.1093/geront/38.2.189

Bessey, L. J., and Walaszek, A. (2019). Management of behavioral and psychological 
symptoms of dementia. Curr. Psychiatry Rep. 21:66. doi: 10.1007/s11920-019-1049-5

Charlson, F. J., Baxter, A. J., Cheng, H. G., Shidhaye, R., and Whiteford, H. A. (2016). 
The burden of mental, neurological, and substance use disorders in China and India: a 
systematic analysis of community representative epidemiological studies. Lancet 388, 
376–389. doi: 10.1016/s0140-6736(16)30590-6

Cohen-Mansfield, J. (1986). Agitated behaviors in the elderly. II. Preliminary results 
in the cognitively deteriorated. J. Am. Geriatr. Soc. 34, 722–727. doi: 
10.1111/j.1532-5415.1986.tb04303.x

Cohen-Mansfield, J., and Billig, N. (1986). Agitated behaviors in the elderly. I. a 
conceptual review. J. Am. Geriatr. Soc. 34, 711–721. doi: 10.1111/j.1532-5415.1986.
tb04302.x

Cohen-Mansfield, J., and Marx, M. S. (1992). The social network of the agitated 
nursing home resident. Res. Aging 14, 110–123. doi: 10.1177/0164027592141006

Cohen-Mansfield, J., Marx, M. S., and Rosenthal, A. S. (1989). A description of 
agitation in a nursing home. J. Gerontol. 44, M77–M84. doi: 10.1093/geronj/44.3.m77

Dong, X., Liu, G., Yin, X., Min, R., and Hu, Y. (2022). Fall risks and the related factors 
for the homebound older people with dementia: evidence from East China. Front. Public 
Health 10:946097. doi: 10.3389/fpubh.2022.946097

Dukas, R. (2020). Natural history of social and sexual behavior in fruit flies. Sci. Rep. 
10:21932. doi: 10.1038/s41598-020-79075-7

Feigin, V. L., Nichols, E., Alam, T., Bannick, M. S., Beghi, E., Blake, N., et al. (2019). 
Global, regional, and national burden of neurological disorders, 1990-2016: a systematic 
analysis for the global burden of disease study 2016. Lancet Neurol. 18, 459–480. doi: 
10.1016/s1474-4422(18)30499-x

Givens, J. L., Jones, R. N., Mazor, K. M., Prigerson, H. G., and Mitchell, S. L. (2015). 
Development and psychometric properties of the family distress in advanced dementia 
scale. J. Am. Med. Dir. Assoc. 16, 775–780. doi: 10.1016/j.jamda.2015.03.028

Hamel, M., Gold, D. P., Andres, D., Reis, M., Dastoor, D., Grauer, H., et al. (1990). 
Predictors and consequences of aggressive behavior by community-based dementia 
patients. Gerontologist 30, 206–211. doi: 10.1093/geront/30.2.206

Hendriks, S. A., Smalbrugge, M., Galindo-Garre, F., Hertogh, C. M., and van der 
Steen, J. T. (2015). From admission to death: prevalence and course of pain, agitation, 
and shortness of breath, and treatment of these symptoms in nursing home residents 
with dementia. J. Am. Med. Dir. Assoc. 16, 475–481. doi: 10.1016/j.jamda.2014.12.016

Husebo, B. S., Ballard, C., Cohen-Mansfield, J., Seifert, R., and Aarsland, D. (2014). 
The response of agitated behavior to pain management in persons with dementia. Am. 
J. Geriatr. Psychiatry 22, 708–717. doi: 10.1016/j.jagp.2012.12.006

Isaac, V., Kuot, A., Hamiduzzaman, M., Strivens, E., and Greenhill, J. (2021). The 
outcomes of a person-centered, non-pharmacological intervention in reducing agitation 
in residents with dementia in Australian rural nursing homes. BMC Geriatr. 21:193. doi: 
10.1186/s12877-021-02151-8

Ismail, Z., Smith, E. E., Geda, Y., Sultzer, D., Brodaty, H., Smith, G., et al. (2016). 
Neuropsychiatric symptoms as early manifestations of emergent dementia: provisional 
diagnostic criteria for mild behavioral impairment. Alzheimers Dement. 12, 195–202. 
doi: 10.1016/j.jalz.2015.05.017

Jia, L., du, Y., Chu, L., Zhang, Z., Li, F., Lyu, D., et al. (2020). Prevalence, risk factors, 
and management of dementia and mild cognitive impairment in adults aged 60 years or 
older in China: a cross-sectional study. Lancet Public Health 5, e661–e671. doi: 10.1016/
s2468-2667(20)30185-7

Katz, S., Ford, A. B., Moskowitz, R. W., Jackson, B. A., and Jaffe, M. W. (1963). Studies 
of illness in the aged. The index of ADL: a standardized measure of biological and 
psychosocial function. JAMA 185, 914–919. doi: 10.1001/jama.1963.03060120024016

Katz, I. R., Rupnow, M., Kozma, C., and Schneider, L. (2004). Risperidone and falls in 
ambulatory nursing home residents with dementia and psychosis or agitation: secondary 
analysis of a double-blind, placebo-controlled trial. Am. J. Geriatr. Psychiatry 12, 
499–508. doi: 10.1176/appi.ajgp.12.5.499

Kong, E. H. (2005). Agitation in dementia: concept clarification. J. Adv. Nurs. 52, 
526–536. doi: 10.1111/j.1365-2648.2005.03613.x

Li, N., Zhang, L., du, W., Pang, L., Guo, C., Chen, G., et al. (2015). Prevalence of 
dementia-associated disability among Chinese older adults: results from a national 
sample survey. Am. J. Geriatr. Psychiatry 23, 320–325. doi: 10.1016/j.jagp.2014.06.002

Lin, L. C., Kao, C. C., Tzeng, Y. L., and Lin, Y. J. (2007). Equivalence of Chinese version 
of the Cohen-Mansfield agitation inventory. J. Adv. Nurs. 59, 178–185. doi: 
10.1111/j.1365-2648.2007.04303.x

Lin, L. C., Wu, S. C., Kao, C. C., Tzeng, Y. L., Watson, R., and Tang, S. H. (2009). Single 
ability among activities of daily living as a predictor of agitation. J. Clin. Nurs. 18, 
117–123. doi: 10.1111/j.1365-2702.2008.02367.x

Liu, S., Jin, Y., Shi, Z., Huo, Y. R., Guan, Y., Liu, M., et al. (2017). The effects of 
behavioral and psychological symptoms on caregiver burden in frontotemporal 
dementia, Lewy body dementia, and Alzheimer's disease: clinical experience in China. 
Aging Ment. Health 21, 651–657. doi: 10.1080/13607863.2016.1146871

Miller, J., and Ulrich, R. (2019). The quest for an optimal alpha. PLoS One 14:e0208631. 
doi: 10.1371/journal.pone.0208631

Morris, J. C. (1993). The clinical dementia rating (CDR): current version and scoring 
rules. Neurology 43, 2412–2414. doi: 10.1212/wnl.43.11.2412-a

Nichols, E., Steinmetz, J. D., Vollset, S. E., Fukutaki, K., Chalek, J., Abd-Allah, F., et al. 
(2022). Estimation of the global prevalence of dementia in 2019 and forecasted 
prevalence in 2050: an analysis for the global burden of disease study 2019. Lancet Public 
Health 7, e105–e125. doi: 10.1016/s2468-2667(21)00249-8

Norton, M. C., Clark, C., Fauth, E. B., Piercy, K. W., Pfister, R., Green, R. C., et al. 
(2013). Caregiver personality predicts rate of cognitive decline in a community sample 
of persons with Alzheimer’s disease. The Cache County dementia progression study. Int. 
Psychogeriatr. 25, 1629–1637. doi: 10.1017/s1041610213001105

Park, M., Sung, M., Kim, S. K., Kim, S., and Lee, D. Y. (2015). Multidimensional 
determinants of family caregiver burden in Alzheimer's disease. Int. Psychogeriatr. 27, 
1355–1364. doi: 10.1017/s1041610215000460

Pelletier, I. C., and Landreville, P. (2007). Discomfort and agitation in older adults with 
dementia. BMC Geriatr. 7:27. doi: 10.1186/1471-2318-7-27

Rabinowitz, J., Davidson, M., de Deyn, P. P., Katz, I., Brodaty, H., and 
Cohen-Mansfield, J. (2005). Factor analysis of the Cohen-Mansfield agitation inventory 
in three large samples of nursing home patients with dementia and behavioral 
disturbance. Am. J. Geriatr. Psychiatry 13, 991–998. doi: 10.1176/appi.ajgp.13.11.991

Robitaille, A., Garcia, L., and McIntosh, C. (2015). Joint trajectories of cognitive 
functioning and challenging behavior for persons living with dementia in long-term 
care. Psychol. Aging 30, 712–726. doi: 10.1037/a0039333

Ryu, S. H., Katona, C., Rive, B., and Livingston, G. (2005). Persistence of and changes 
in neuropsychiatric symptoms in Alzheimer disease over 6 months: the LASER-AD 
study. Am. J. Geriatr. Psychiatry 13, 976–983. doi: 10.1176/appi.ajgp.13.11.976

Schreiner, A. S. (2001). Aggressive behaviors among demented nursing home residents 
in Japan. Int. J. Geriatr. Psychiatry 16, 209–215. doi: 10.1002/1099-1166(200102)16:2<209::aid-
gps314>3.0.co;2-9

Seitz, D., Purandare, N., and Conn, D. (2010). Prevalence of psychiatric disorders 
among older adults in long-term care homes: a systematic review. Int. Psychogeriatr. 22, 
1025–1039. doi: 10.1017/s1041610210000608

Smilkstein, G., Ashworth, C., and Montano, D. (1982). Validity and reliability of the 
family APGAR as a test of family function. J. Fam. Pract. 15, 303–311.

Sutter, M., Perrin, P. B., Chang, Y. P., Hoyos, G. R., Buraye, J. A., and 
Arango-Lasprilla, J. C. (2014). Linking family dynamics and the mental health of 
Colombian dementia caregivers. Am. J. Alzheimers Dis. Other Dement. 29, 67–75. doi: 
10.1177/1533317513505128

Talerico, K. A., Evans, L. K., and Strumpf, N. E. (2002). Mental health correlates of 
aggression in nursing home residents with dementia. Gerontologist 42, 169–177. doi: 
10.1093/geront/42.2.169

Van Den Wijngaart, M. A., Vernooij-Dassen, M. J., and Felling, A. J. (2007). The 
influence of stressors, appraisal and personal conditions on the burden of spousal 
caregivers of persons with dementia. Aging Ment. Health 11, 626–636. doi: 
10.1080/13607860701368463

Volicer, L., Frijters, D. H., and Van der Steen, J. T. (2012). Relationship between 
symptoms of depression and agitation in nursing home residents with dementia. Int. J. 
Geriatr. Psychiatry 27, 749–754. doi: 10.1002/gps.2800

Wang, H., Xie, H., Qu, Q., Chen, W., Sun, Y., Zhang, N., et al. (2019). The continuum 
of care for dementia: needs, resources and practice in China. J. Glob. Health 9:020321. 
doi: 10.7189/jogh.09.020321

Wetzels, R. B., Zuidema, S. U., de Jonghe, J. F., Verhey, F. R., and Koopmans, R. T. 
(2010). Determinants of quality of life in nursing home residents with dementia. 
Dement. Geriatr. Cogn. Disord. 29, 189–197. doi: 10.1159/000280437

Wolf, M. U., Goldberg, Y., and Freedman, M. (2018). Aggression and agitation in 
dementia. Continuum 24, 783–803. doi: 10.1212/con.0000000000000605

Xiao, L. D., Wang, J., He, G. P., de Bellis, A., Verbeeck, J., and Kyriazopoulos, H. (2014). 
Family caregiver challenges in dementia care in Australia and China: a critical 
perspective. BMC Geriatr. 14:6. doi: 10.1186/1471-2318-14-6

Yilmaz, C. K., and Aşiret, G. D. (2021). The effect of doll therapy on agitation and 
cognitive state in institutionalized patients with moderate-to-severe dementia: a 
randomized controlled study. J. Geriatr. Psychiatry Neurol. 34, 370–377. doi: 
10.1177/0891988720933353

Zarit, S. H., Reever, K. E., and Bach-Peterson, J. (1980). Relatives of the impaired elderly: 
correlates of feelings of burden. Gerontologist 20, 649–655. doi: 10.1093/geront/20.6.649

https://doi.org/10.3389/fnins.2023.1189590
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.5080/u7628
https://doi.org/10.1002/alz.12638
https://doi.org/10.1093/geront/38.2.189
https://doi.org/10.1007/s11920-019-1049-5
https://doi.org/10.1016/s0140-6736(16)30590-6
https://doi.org/10.1111/j.1532-5415.1986.tb04303.x
https://doi.org/10.1111/j.1532-5415.1986.tb04302.x
https://doi.org/10.1111/j.1532-5415.1986.tb04302.x
https://doi.org/10.1177/0164027592141006
https://doi.org/10.1093/geronj/44.3.m77
https://doi.org/10.3389/fpubh.2022.946097
https://doi.org/10.1038/s41598-020-79075-7
https://doi.org/10.1016/s1474-4422(18)30499-x
https://doi.org/10.1016/j.jamda.2015.03.028
https://doi.org/10.1093/geront/30.2.206
https://doi.org/10.1016/j.jamda.2014.12.016
https://doi.org/10.1016/j.jagp.2012.12.006
https://doi.org/10.1186/s12877-021-02151-8
https://doi.org/10.1016/j.jalz.2015.05.017
https://doi.org/10.1016/s2468-2667(20)30185-7
https://doi.org/10.1016/s2468-2667(20)30185-7
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1176/appi.ajgp.12.5.499
https://doi.org/10.1111/j.1365-2648.2005.03613.x
https://doi.org/10.1016/j.jagp.2014.06.002
https://doi.org/10.1111/j.1365-2648.2007.04303.x
https://doi.org/10.1111/j.1365-2702.2008.02367.x
https://doi.org/10.1080/13607863.2016.1146871
https://doi.org/10.1371/journal.pone.0208631
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1016/s2468-2667(21)00249-8
https://doi.org/10.1017/s1041610213001105
https://doi.org/10.1017/s1041610215000460
https://doi.org/10.1186/1471-2318-7-27
https://doi.org/10.1176/appi.ajgp.13.11.991
https://doi.org/10.1037/a0039333
https://doi.org/10.1176/appi.ajgp.13.11.976
https://doi.org/10.1002/1099-1166(200102)16:2<209::aid-gps314>3.0.co;2-9
https://doi.org/10.1002/1099-1166(200102)16:2<209::aid-gps314>3.0.co;2-9
https://doi.org/10.1017/s1041610210000608
https://doi.org/10.1177/1533317513505128
https://doi.org/10.1093/geront/42.2.169
https://doi.org/10.1080/13607860701368463
https://doi.org/10.1002/gps.2800
https://doi.org/10.7189/jogh.09.020321
https://doi.org/10.1159/000280437
https://doi.org/10.1212/con.0000000000000605
https://doi.org/10.1186/1471-2318-14-6
https://doi.org/10.1177/0891988720933353
https://doi.org/10.1093/geront/20.6.649

	Risk factors for agitation in home-cared older adults with dementia: evidence from 640 elders in East China
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Participant
	2.3. Sampling
	2.4. Study indicators
	2.4.1. Evaluation of agitation behavior
	2.4.2. Basic health issues
	2.4.3. Family support issues
	2.4.4. Behavioral awareness issues
	2.5. Statistical methods

	3. Results
	3.1. Occurrence of four types of agitated behavior among home-cared older adults with dementia
	3.2. Associated factors of agitated behavior risk among home-cared older adults with dementia
	3.3. Regression analysis of factors related to agitated behavior risk among home-cared older adults with dementia

	4. Discussion
	4.1. Analysis of the current situation in home-cared older adults with dementia
	4.2. The impact of basic health issues on agitated behavior in home-cared older adults with dementia
	4.3. The effects of ZBI and APGAR on agitated behavior in home-cared older adults with dementia
	4.4. Fall and scald are more likely to trigger agitated behavior in home-cared older adults with dementia
	4.5. Limitations and prospects

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

