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A B S T R A C T

Background: Patient safety critically influences both quality of life and disease progression in older adults with 
cognitive impairment, yet large-scale multicenter data remain scarce. This study aims to systematically analyze 
the types of safety incidents experienced by patients with Alzheimer’s disease and related cognitive impairments, 
and explore the network associations of different safety incidents.
Methods: Initiated by the Alzheimer's Disease China (ADC), this survey recruited 1057 older individuals with 
Alzheimer’s and related cognitive impairments, along with their families, across 31 provinces, autonomous re
gions, and municipalities. The safety incidents evaluated in this study included falls, getting lost, medication 
errors, verbal aggression, physical aggression, household fire, aspiration, and choking. Incidence rates for overall 
and specific safety incidents were calculated. Correlation analyses and network analysis were performed to 
examine relationships between safety incidents.
Results: A high proportion (73.5%) of participants reported at least one safety incident in the past year, with over 
one-third (36.0%) experiencing three or more concurrent incidents. Medication errors (55.9%) and verbal 
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aggression (39.6%) were most frequent, followed by falls (32.5%) and physical aggression (22.7%). Incidence 
rates varied significantly by cognitive impairment stage, care setting, and geographic region. Network analysis 
highlighted medication errors and getting lost as central nodes bridging other incidents.
Conclusions: This study reveals an alarmingly high incidence of safety incidents among cognitively impaired 
patients, affecting their physical, psychological, and familial well-being. A collaborative, multidisciplinary effort 
involving healthcare professionals, family caregivers, fire and police emergency responders, and public health 
policymakers is essential to develop individualized safety strategies aligned with patient needs and contextual 
considerations.

1. Introduction

Cognitive impairment, particularly Alzheimer’s disease (AD) and 
related dementia, poses a significant and growing challenge to global 
public health [1]. In China, an estimated 17 million people live with AD 
and other dementias, slightly above the global average, and this number 
continues to rise with age [2]. Beyond the cognitive and functional 
decline, safety incidents emerge as a critical factor that not only cause 
direct physical injury but also exacerbate caregiver strain, increase 
hospitalization rates, and may accelerate cognitive and functional 
deterioration [3]. Consequently, safety is intrinsically linked to health 
outcomes and must be elevated to a strategic public health priority.

The World Health Organization (WHO) defines patient safety as “the 
absence of preventable harm to a patient and reduction of risk of un
necessary harm in health care” [4]. For cognitively impaired in
dividuals, safety incidents are common and can lead to physical harm, 
psychological distress, and even premature death [5]. Typical safety 
incidents include falls, getting lost, medication errors, and aggressive 
behaviors [6,7]. These occurrences also impose heavy burdens on 
caregivers and healthcare systems, frequently precipitating institution
alization and generating substantial costs [7]. Thus, effective safety 
management is both an ethical imperative and a socioeconomic 
necessity.

Although prior research has reported high prevalence rates of indi
vidual safety incidents such as falls and getting lost [8], most studies 
have focused on single incidents or lacked large-scale, national-level 
data [7]. Recent epidemiological evidence reveals alarmingly high rates 
of safety incidents among older adults with cognitive impairment. A 
systematic review found that this population experiences twice the 
incidence of falls compared to cognitively intact peers, with 
community-dwelling individuals with MCI showing prevalence rates of 
53.0–63.0% [9]. Medication safety is another critical concern, with 
46.5% of dementia patients receiving at least one inappropriate medi
cation [10]. Other critical threats include getting lost, with an estimated 
0.5% of dementia patients reported missing each year, predominantly 
from home settings. Choking also poses a major risk, affecting 17.3% of 
cognitively impaired older adults [11,12]. Behavioral and psychological 
symptoms are also prevalent, with agitation and aggression affecting 
between 5% and 88.0% of patients [13]. The Fire and Rescue Service in 
England has also documented the heightened fire risk for this popula
tion, detailing classic cases of fire incidents linked to dementia [14]. 
While these studies collectively confirm the heightened safety vulnera
bility of cognitively impaired individuals, significant knowledge gaps 
remain. Existing literature lacks a comprehensive understanding of how 
the overall safety profile varies by region, care setting, and disease stage. 
Moreover, focusing on a single type of safety incident fails to capture the 
associative patterns among multiple safety incidents. Network analysis 
has become a powerful tool in psychological science for mapping com
plex multivariate relationships and visualizing interconnections among 
variables [15]. In recent years, network analysis has been successfully 
applied to explore comorbidity or symptom networks, biomolecular 
mechanisms, and health-related risk factors [15]. To our knowledge, 
only one study has used network analysis for root‑cause identification in 
construction accident management [16]. No studies have yet has 
adopted a holistic perspective to elucidate complex associations among 

diverse safety incidents in individuals with cognitive impairment.
In 2020, WHO reinforced its commitment to patient safety through 

technical reports and guidelines on incident reporting and learning 
systems [17]. These documents notes that while reporting mechanisms 
have been implemented across multiple tiers such as healthcare facil
ities, organizational and national programs; many remain narrowly 
focused on specific clinical safety areas such as blood transfusion. 
Establishing robust patient safety incident reporting and learning sys
tems is critical to improving healthcare quality and safety, particularly 
for vulnerable populations like individuals with cognitive impairment. 
However, no dedicated safety reporting system currently exists that is 
specifically designed for this population.

Here, this study aims to map the safety landscape for Alzheimer’s 
disease and related dementias (ADRD) in China by examining the inci
dence of both overall and specific safety incidents among individuals 
with cognitive impairment, analyzing the differences in safety incidents 
across different disease stages, geographic regions, and care setting, as 
well as exploring network associations among different incident types. 
These findings will develop tailored safety management strategies to 
mitigate risks, potentially slow cognitive decline, and enhance quality of 
life for this population.

2. Methods

2.1. Study design

A large-scale multicenter cross-sectional safety survey was con
ducted by Alzheimer’s Disease China (ADC), the official Chinese mem
ber of Alzheimer’s Disease International. The survey covered the 31 
provinces, autonomous regions, and municipalities across the country, 
representing 99.6% of the country’s total landmass according to the 
latest official geographic statistics.

2.2. Participants

Eligible participants were patients with subjective or objective 
cognitive impairment or their primary caregivers, who met the 
following criteria: (1) detailed knowledge of the patient’s safety in
cidents; (2) a patient diagnosis of subjective cognitive decline (SCD) or 
other cognitive impairment by a neurologist; (3) capacity to respond to 
survey questions; and (4) provision of informed consent. Participants 
were excluded if they or their caregivers were unable to provide reliable 
survey responses due to severe cognitive, psychiatric, or physical 
conditions.

Although SCD, by definition, lacks objective clinical evidence of 
cognitive impairment, it represents the earliest symptomatic stage of 
cognitive decline and may already be accompanied by increased 
vulnerability to safety incidents (e.g., medication error). Inclusion of 
this group enabled examination of safety profiles across the continuum 
from preclinical cognitive decline to dementia.

Potential participants were identified from the registry of individuals 
enrolled in ADC collaborating memory clinics and community‑based 
cohorts who had undergone formal cognitive evaluation or received a 
diagnosis. This sampling strategy accounts for the relatively high prev
alence of cognitive impairment observed in our sample, as participants 
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were drawn from populations already engaged in neurological assess
ment rather than from the general community.

Based on an estimated prevalence of cognitive impairment of 21.5%, 
a margin of error of 3%, and a 95% confidence level, the minimum 
required sample size was 721 participants. After accounting for an 
anticipated 20% nonresponse or attrition rate, the target sample size was 
set at 866 [18].

2.3. Measurements

Demographic and clinical data were collected from patients or their 
primary caregivers, encompassing age, gender, education, care settings 
(i.e., home, hospital, nursing home), geographic region, and comor
bidities. To ensure diagnostic accuracy, neurologists affiliated with the 
participating Alzheimer’s Disease Center network or collaborating 
memory clinics were invited to review available medical records and, 
where applicable, confirm standardized cognitive diagnoses such as 
subjective cognitive decline (SCD), mild cognitive impairment (MCI), 
and specific dementia types (e.g., AD). Clinicians also provided relevant 
diagnostic details and treatment information, including results of 
apolipoprotein E (APOE) genotyping, pharmacological therapies, and 
lifestyle interventions.

According to the safety assessment checklist provided by Alzheimer’s 
Association [19], this study focused on eight core safety domains 
tailored to older adults with cognitive impairment, including falls, get
ting lost, medication errors, verbal aggression, physical aggression, 
household fire, aspiration, and choking. All safety incidents were 
assessed for the 12-month period prior to survey administration.

Falls were assessed using a validated two-item questionnaire 
designed to investigate participants’ fall incidents. Participants reported 
whether they or patient had ever fallen in the past year, and affirmative 
responders further specified incident frequency. For statistical analyses, 
annual fall occurrence was dichotomized as a binary (yes/no) variable 
[20].

Getting lost was evaluated using a two-item questionnaire. Partici
pants reported the occurrence of any getting-lost incidents within 12 
months, with positive responses followed by frequency reporting. Get
ting lost was coded as a binary variable (yes/no) for the past year [21,
22].

Medication errors included missed doses, incorrect medications, 
refusal to take medications, and hiding medications [23]. Frequency of 
each type over the past year was categorized as: never, rarely (≤3 
times/year), occasionally (1–2 times/month), frequently (1–2 time
s/week), or often (> twice/week). Each item was coded 0 for “never”and 
1 for any occurrence, and a combined binary variable was generated to 
indicate the presence of any medication error.

Verbal aggression was assessed using a single-item questionnaire 
from the Neuropsychiatric Inventory (NPI), a widely recognized scale 
for measuring neuropsychiatric symptoms [24]. Participants were asked 
whether they had experienced these behaviors and to rate their fre
quency in the past year. A similar single-item questionnaire was used to 
assess physical aggression among patients with cognitive impairment in 
the past year.

Household fire were determined by a single binary item enquiring 
whether participants had experienced any fire-related safety problems 
within their living spaces over the past year [14].

Aspiration and choking were both defined as clinically critical safety 
incidents. Aspiration was confirmed based on participant-verified of 
respiratory aspiration over the 12-month recall period and coded 
dichotomously (yes/no) [25,26]. Similarly, choking incidents were 
screened via binary self- and caregiver-reported responses regarding 
12-month incident occurrence [12].

All eight safety domains were uniformly converted into dichotomous 
variables representing incident occurrence within the standardized 12- 
month retrospective timeframe. The total number of individual safety 
incidents was quantified by summing distinct types of safety incidents 

for each participant. Comprehensive details regarding the measurement 
sources, standardized assessment protocols, coding criteria, and inclu
sion for subsequent network analysis across all safety incidents are 
provided in see Supplementary Material File A Table A1.

2.4. Participant recruitment, data collection and management

Participant recruitment and data collection were conducted 
concurrently from July to September 2025 to ensure assessments re
flected comparable temporal conditions and minimize potential bias on 
reported safety incidents.

Based on the objectives of this study, we developed an online survey 
questionnaire that includes patients’ basic information and safety in
cidents (see Supplementary Material File B). In line with the Alzheimer’s 
Association Safety Assessment Checklist [19], responses concerning 
patients’ safety incidents were provided either by the patients them
selves or by their primary caregivers, depending on who possessed the 
most detailed knowledge of the past-year incidents. This approach was 
adopted to maximize participation and data completeness, given that 
individuals with cognitive impairment may experience recall difficulties 
or impaired awareness of certain incidents. Recognizing that caregiver 
reports are likely to be more reliable for retrospective and con
text‑specific safety incidents, we prioritized enrollment of the primary 
long‑term caregiver when feasible.

Participants were recruited from a population largely consistent with 
our previously published ADC study, employing comparable inclusion 
criteria and caregiver-reporting methods [18]. A pilot assessment was 
conducted to evaluate the feasibility and clarity of the questionnaire. 
The pilot phase revealed several practical issues. Findings indicated that 
patients with objective cognitive impairment (particularly MCI and 
dementia) were generally unable to accurately recall past safety in
cidents, and thus the questionnaire was predominantly completed by 
their primary caregiver. For older adults with SCD, the questionnaire 
was either self‑completed or filled out by a caregiver.

Detailed instructions and an informed consent form were included 
with the questionnaire. A time limit was also established, questionnaires 
completed in less than 5 min were excluded from analysis. Consecutive 
questions with identical responses were also excluded. Initially, 1115 
eligible participants were enrolled; after excluding cases with incom
plete or inconsistent data, the final analytic sample comprised 1057 
individuals with cognitive impairment. A flow diagram of participant is 
presented in Supplementary Material File C Figure A1.

All data were securely stored on a password-protected, encrypted 
server managed by the research team. Unique participant identifiers 
were used to anonymize data, and all personal information was handled 
in compliance with the Declaration of Helsinki and local data protection 
regulations. Regular backups were performed to prevent data loss.

2.5. Statistical analysis

Statistical analyses were performed using SPSS 26.0 and R 3.4. 
Descriptive statistics are presented as mean±standard deviation or 
median (interquartile range) for continuous variables, and as frequency 
(%) for categorical variables. Group comparisons employed independent 
t-tests for normally distributed continuous data and chi-square tests for 
categorical data.

Network analysis was used to explore associations among the total 
number of safety incidents, specific safety incidents, and stages of 
cognitive impairment. Each type of safety incident was defined as a 
node, while pairwise statistical associations between distinct safety in
cidents were defined as edges [15]. Given that all included safety in
cidents were dichotomous variables, tetrachoric correlation matrices 
were computed to accurately estimate pairwise latent associations, 
avoiding statistical bias derived from conventional Pearson correlation 
for binary data. The graphical least absolute shrinkage and selection 
operator (LASSO) regularization algorithm with extended Bayesian 
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information criterion was applied to construct sparse, parsimonious 
partial correlation networks, which filtered spurious weak correlations 
and retained only direct, independent associations between safety 
incident nodes.

Three commonly adopted centrality indices were calculated to 
quantify the relative importance of each node within the overall safety 
network: strength (the sum of absolute partial correlations connecting 
one node to all other nodes, reflecting overall association magnitude), 
betweenness (the frequency of a node lying on the shortest path between 
other node pairs, identifying critical bridging incidents), and closeness 
(the inverse sum of shortest paths linking a target node to all other 
nodes, representing risk propagation efficiency) [27]. All centrality 
metrics were normalized for standardized visual comparison. In network 
visualization, green edges indicate positive associations representing 
concurrent co-occurrence of distinct safety incidents, red edges indicate 
negative associations representing mutually restrictive relationships 
between incidents, and edge thickness corresponds to the magnitude of 
pairwise association strength.

To evaluate network reproducibility and robustness, a case-dropping 
bootstrap approach (2000 bootstrap resamples) was performed to test 
the stability of edge weights and centrality indices. The correlation 
stability coefficient (CS-coefficient) was calculated, with a CS- 
coefficient above 0.25 regarded as acceptable stability and above 0.5 
indicating excellent robustness. Nodes with high betweenness centrality 
were recognized as key bridging safety incidents that facilitate the co- 
occurrence and transmission of other adverse safety events [27,28]. 
Notably, all network analyses in this study were cross-sectional, 
descriptive, and exploratory, which only illustrated concurrent 
co-occurrence patterns and correlational relationships among safety 

incidents, rather than establishing causal ordering, longitudinal disease 
trajectories, or definite intervention effects.

2.6 Ethics approval and consent to participate

The study was approved by the Human Ethics Research Committee of 
Renji Hospital, Shanghai Jiao Tong University School of Medicine 
(LY2025–293-A). Informed consent was obtained from all participants 
prior to the commencement of the study.

3. Results

3.1. Characteristics of participants’ demographic information

The demographic and clinical characteristic of the patients with 
cognitive impairment are summarized in Table 1. A total of 1057 pa
tients with cognitive impairment were enrolled, comprising 195 
(18.4%) with SCD, 194 (18.4%) with MCI, and 668 (63.2%) with AD 
dementia. Patient-reported responses accounted for 6.6% (n = 70), 
while caregivers completed 93.4% (n = 987). The majority (76.9%) of 
the patients were over 70 years old, and 679 (64.2%) were women. Most 
patients (61.9%, n = 654) resided with family members. Geographically, 
51.3% (n = 542) were from eastern China, followed by northeastern 
(14.2%, n = 150) regions.

Among all participants, 107 (10.1%) underwent APOE gene poly
morphism testing. In accordance with the amyloid‑tau‑neurodegener
ation (ATN) biomarker framework, 41.0% of the total sample (n = 434) 
fulfilled the diagnostic criteria for AD, while 63.2% received a clinical 
diagnosis of AD dementia based on standardized clinical guidelines. 

Table 1 
Demographic and clinical characteristics of the participants.

Variables Total 
(n = 1057)

Without safety incidents 
(n = 280)

With safety incidents 
(n = 777)

χ2/t P

Age ​ ​ ​ 41.756 <0.001***
60–69 years old 244(23.1%) 36(12.9%) 208(26.8%) ​ ​
70–79 years old 402(38.0%) 93(33.2%) 309(39.7%) ​ ​
≥80 years old 411(38.9%) 151(53.9%) 260(33.5%) ​ ​

Gender ​ ​ ​ 2.621 0.105
Male 378(35.8%) 89(31.8%) 289(37.2%) ​ ​
Female 679(64.2%) 191(68.2%) 488(62.8%) ​ ​

Education level ​ ​ ​ 21.112 <0.001***
Junior school and below 221(20.9%) 47(16.8%) 174(22.4%) ​ ​
High school 568(53.7%) 183(65.3%) 385(49.5%) ​ ​
College above 268(25.4%) 50(17.9%) 218(28.1%) ​ ​

Living pattern ​ ​ ​ 241.312 <0.001***
With family members 654(61.9%) 65(23.2%) 589(75.8%) ​ ​
Alone or institutionalization 403(38.1%) 215(76.8%) 188(24.2%) ​ ​

Activity of Daily Living 37.90±14.74 43.13±15.18 36.02±14.11 7.085 <0.001***
Basical ADL 13.80±7.11 17.74±6.99 12.38±6.60 11.472 <0.001***
Instrumental ADL 24.10±8.47 25.39±8.53 23.64±8.41 2.975 0.003**

Lifestyle or medication treatment ​ ​ 114.398 <0.001***
Yes 893(84.5%) 181(64.6%) 712(91.6%) ​ ​
No 164(15.5%) 99(35.4%) 65(8.4%) ​ ​

Comorbidity ​ ​ ​ 9.749 0.002**
No 527(49.9%) 162(57.9%) 365(47.0%) ​ ​
Yes 530(50.1%) 118(42.1%) 412(53.0%) ​ ​

Region ​ ​ ​ 174.023 <0.001***
Eastern 542(51.3%) 238(85.0%) 304(39.1%) ​ ​
Northern 83(7.9%) 9(3.2%) 74(9.5%) ​ ​
Northeastern 150(14.2%) 13(4.6%) 137(17.6%) ​ ​
Central 124(11.7%) 10(3.6%) 114(14.7%) ​ ​
Northwestern 88(8.3%) 5(1.8%) 83(10.7%) ​ ​
Southwestern 70(6.6%) 5(1.8%) 65(8.4%) ​ ​

ApoE apolipoprotein ​ ​ ​ 17.278 0.001**
Untested 950(89.9%) 269(96.1%) 681(87.6%) ​ ​
1 (ε4/ε4) 60(5.7%) 6(2.1%) 54(7.0%) ​ ​
2 (ε2/ε4, ε3/ε4) 25(2.3%) 1(0.4%) 24(3.1%) ​ ​
3 (ε2/ε2, ε2/ε3 or ε3/ε3) 22(2.1%) 4(1.4%) 18(2.3%) ​ ​

Note: Table values are mean ± SD or N (%). P values based on t-test or chi-squared test. Abbreviations: APOE, apolipoprotein E; ADL, Activity of Daily Living. ***P <
0.001, **P < 0.01, *P < 0.05.
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Regarding interventions, 130 patients (12.3%) received lifestyle in
terventions, 712 (67.4%) were prescribed pharmacological treatment, 
and 51 (4.8%) received both modalities. In addition, 114 patients 
(10.8%) were treated with the amyloid‑β (Aβ) monoclonal antibody 
lecanemab.

3.2. The nature of safety incidents among patients with cognitive 
impairment

Over two-thirds (n = 777, 73.5%) of patients experienced at least one 
safety incident in the past year, with more than one-third (n = 381, 
36.0%) facing three or more concurrent safety incident types.

In terms of demographic and clinical characteristics, we observed no 
differences in gender related to safety incidents among patients with 
cognitive impairment (P > 0.05). However, significant differences were 
found in age, education level, duration of cognitive impairment diag
nosis, living pattern, activities of daily living, lifestyle or medication 
treatments, comorbidities, geographic regions, and ApoE status in 
relation to safety incidents among these patients (P < 0.01).

3.3. The types of safety incidents among patients with cognitive 
impairment

Fig. 1 illustrates the incidence of specific safety incidents among 
patients with cognitive impairment. Notably, over half (55.9%) of pa
tients reported medication errors, including missed doses (49.7%), 
medication refusal (24.6%), incorrect medication intake (18.4%), 
concealment of medication (14.5%). The majority of patients (66.4%) 
had a history of getting lost, with 18.4% occurring in the past year. 
Additionally, 46.7% experienced falls, with 32.5% occurring within the 
last year. Furthermore, 6.8% of patients experienced aspiration while 
11.2% patient experienced choking. Moreover, verbal aggression 
(39.6%) and physical aggression (22.7%) were frequently reported by 
patients with cognitive impairment. Lastly, 12.7% faced household fire- 
related incidents due to unsafe practices.

3.4. Comparison of safety incidents across different stages of cognitive 
impairment

As summarized in Table A2 (see Supplementary Material File A), 
safety incidents differed significantly across these stages. Specifically, 
significant differences were observed in medication errors (χ2 =

100.711, P < 0.001), getting lost (χ2 = 81.941, P < 0.001), physical 
aggression (χ2 = 60.340, P < 0.001), household fire (χ2 = 42.914, P <
0.001), verbal aggression (χ2 = 40.229, P < 0.001), falls (χ2 = 21.488, P 
< 0.001), and aspiration (χ2 = 16.865, P = 0.002) across cognitive 
impairment stages while no differences were detected in choking (χ2 =

4.449, P > 0.05).
Fig. 2A presents the significant difference of specific safety incidents 

among participants stratified by stage of cognitive impairment. Aspira
tion increased progressively with disease severity. Whereas, medication 
errors, getting lost, verbal aggression, showed an initial rise from earlier 
stages, reached their peak in moderate dementia, and then declined in 
severe dementia. For household fire, the highest incidence was observed 
in older individuals with MCI.

3.5. Comparison of safety incidents across different care settings

As shown in Table A3 (see Supplementary Material File A), signifi
cant differences in safety incident rates were observed across various 
care settings over the past year (P < 0.001). Nursing homes reported the 
lowest rates of falls (7.2%) and medication errors (14.8%). In contrast, 
hospitals exhibited the highest incidence of aspiration (32.1%) and 
choking (25.0%). The home environment had the highest rate of 
medication errors at 73.3%, along with a substantially higher risk of 
individuals getting lost (25.8%) compared to other clinical settings. 
Household fire incidents were more pronounced in the home settings, 
with an incidence of 17.6%. When comparing homes and hospitals, 
behavioral symptoms were more prevalent in facilities, with elderly care 
institutions showing the highest rates of verbal aggression (55.7%) and 
physical aggression (38.6%).

Fig. 2B also illustrates the significant difference of specific safety 
incidents among participants across different care settings. Older adults 
with cognitive impairment living outside nursing homes were more 
vulnerable to most types of safety incidents than those residing in 
nursing home.

3.6. Comparison of safety incidents across different geographic regions

Table A4 (see Supplementary Material File A) presents the incidence 
of safety incidents by different geographic regions, revealing significant 
differences. Compared to other regions, central China reported the 
highest rates of safety incidents (91.9%). Eastern China reported the 
lowest rates for safety incident indicators such as medication errors 
(40.8%), falls (20.7%), and getting lost (11.3%). In contrast, central 
China has the highest rate of aspiration incidents at 8.9%, while 
northeastern China (20.7%) reported elevated rates of choking. Addi
tionally, northeastern China had the highest rates of verbal aggression 
with a rate of 59.3%, followed closely by northwestern China at 51.1%. 
The regions with the highest rates of physical aggression were also 
northeastern (36.0%), central (27.4%) and northwestern China (27.3%). 
Furthermore, northeastern China has the highest incidence of household 
fire accidents, accounting for 34.7%, followed by central China (16.1%) 
and northwestern region (15.9%).

3.7. Correlation and network analysis of safety incidents among patients 
with cognitive impairment

Fig. 3 illustrates the correlations between safety incidents in patients 
with cognitive impairment. The overall safety incidents were strongly 
associated with falls (r = 0.581, P < 0.01), medication errors (r = 0.551, 
P < 0.01), verbal aggression (r = 0.677, P < 0.01), and physical 
aggression (r = 0.599, P < 0.01). Falls, aspiration, choking, medication 
errors, getting lost, and aggressive behaviors (both verbal and physical) 
all showed significant positive correlations (P < 0.01). Notably, aspi
ration exhibited the strongest correlation with choking (r = 0.524, P <
0.01). Additionally, verbal aggression was positively associated with 
physical aggression (r = 0.558, P < 0.01). In contrast, fire safety issues 
demonstrated weaker correlations with other safety incidents (r =
0.092–0.197, P < 0.01).

Fig. 4 presents the network analysis of various safety incidents 
among older adults with cognitive impairment. Distinct interconnected 
safety incident cluster was identified across the overall safety network, 

Fig. 1. The incidence of safety incidents among individuals with cogni
tive impairment.
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with verbal and physical aggression exhibiting the strongest pairwise 

correlation among all incident pairs. Quantitative centrality analyses 
further showed that medication errors, household fire, and verbal 
aggression yielded higher strength and closeness centrality values 
compared with other safety incidents. Betweenness centrality quantifi
cation confirmed medication errors and getting lost as the primary cross- 
domain bridging nodes within the network. These two safety incidents 
connected neuropsychiatric behavioral clusters, and physical safety in
cidents including choking and aspiration (see Supplementary Material 
File C Figure A2). Subgroup analysis of medication errors further 
examined four specific subtypes: missed medication, incorrect medica
tion intake, medication refusal, and concealed medication. All medica
tion error subtypes presented stable mutual interconnections within the 
network.

Fig. 2. Comparison of safety incidents across different stages of cognitive impairment and different care settings Data are presented as percentage. Differences 
between groups were considered significant at P < 0.05.

Fig. 3. Correlations of safety incidents among individuals with cognitive 
impairment. Red color indicates negative associations, blue indicate positive 
associations. Pearson correlation efficient, two side 95%, *P<0.05, *P<0.01, 
***P<0.001 .

Fig. 4. Network analysis of safety incidents among individuals with cogni
tive impairment.
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4. Discussion

To our knowledge, this is the first large-scale multicenter cross- 
sectional study to systematically assess the overall safety status of 
cognitively impaired patients in China, and one of the first at both Asian 
and global levels. The findings reveal an alarmingly high incidence of 
safety incidents, with over two-thirds of patients experiencing at least 
one in the past year. The study examined a broad spectrum of issues- 
from common problems like falls and getting lost to often-overlooked 
areas such as household fire and medication errors. These results pro
vide a critical evidence base for healthcare professionals, family care
givers, fire and police emergency responders, and public health 
policymakers to develop targeted safety strategies for this vulnerable 
population.

This study identifies medication errors as the most prevalent safety 
incident among cognitively impaired patients, a finding consistent with 
established research [23]. Omission errors were the most common type. 
These errors arise from a complex interplay of factors, with 
polypharmacy-over 50% of participants were prescribed three or more 
medications-being a primary driver [23,29]. Both our data and recent 
qualitative interviews reveal that management strategies evolve with 
disease progression [30]. Patients with MCI or mild dementia often 
employ compensatory strategies to maintain autonomy, while care
givers assume full responsibility for those with moderate dementia. 
Promisingly, our study found that 56.8% of caregivers provide medi
cation management support, and over a third of patients or caregivers 
utilize intelligent aids like smart pillboxes. This underscores the need for 
collaborative, personalized medication management plans that respect 
patient autonomy in early disease stages while strategically leveraging 
technology to safeguard treatment efficacy.

This study further identified several key safety incidents with distinct 
risk profiles. The incidence of verbal aggression (39.6%) was lower than 
a prior large-scale report (44.6%) [31], a difference potentially 
explained by our study’s predominance of mild to moderate dementia. 
Rates of physical aggression aligned with existing research [32], con
firming that these behaviors occur across the cognitive impairment 
spectrum and generally increase with severity. Similarly, the observed 
incidence of falls and getting lost was consistent with earlier findings 
[33]. These incidents are frequent concerns, driven by factors such as 
frailty, declining functional ability, and polypharmacy. Notably, 
choking and aspiration emerged as critical incidents, yet often over
looked, particularly for individuals with dysphagia. Impaired swallow
ing reflexes can lead to silent aspiration, which lacks obvious symptoms 
like coughing but may result in life-threatening aspiration pneumonia 
[34].These findings underscore that patient safety is a multidimensional 
construct spanning physical, psychological, and social domains. Effec
tive safety systems must therefore systematically identify, prioritize, and 
analyze these diverse risks [17].

Our analysis identified varying associations between demographic 
characteristics and safety incidents among cognitively impaired pa
tients. While no gender-based disparities were observed, consistent with 
prior studies that adjusted for age and comorbidities [8]. Several other 
factors showed significant predictors. Age was a critical determinant, 
with older patients facing higher risks, a finding consistent with global 
data on frailty and polypharmacy complications in advanced age [35]. 
Our findings revealed that participants with a junior high school edu
cation or below, as well as those with a college degree or above, expe
rience lower safety incidents than their high‑school‑educated 
counterparts. The former group’s reduced risk stems from limited 
cognitive reserve but is mitigated by close caregiver supervision [36,
37]. The latter benefits from higher health literacy and better access to 
protective resources. In contrast, individuals with a high school educa
tion have moderate cognitive reserve yet tend to live more indepen
dently and rely less on formal care, leaving them more vulnerable to 
accidents when cognitive decline occurs. Furthermore, disease duration, 
comorbidity, and ApoEε4 carrier status significantly influenced risk, 

reflecting progressive functional and neuropsychiatric decline [38]. 
Collectively, these findings highlight the necessity of personalized risk 
stratification that integrates sociodemographic, clinical, and genetic 
markers to optimize prevention strategies.

The present study identified that significant differences in the prev
alence of safety incidents across the spectrum of cognitive impairment. 
The prevalence of some incidents-including choking and aspiration, was 
higher in participants with more advanced cognitive impairment. 
Conversely, the prevalence of other safety incidents, such as medication 
errors and fall, follow a rise-and-fall pattern, peaking before declining in 
later stages. This divergence is likely tied to patients’ evolving functional 
abilities and caregiver oversight. In the early stages, individuals often 
retain independence, which exposes them to certain self-management 
risks. As dementia advances and daily living capabilities decline, 
comprehensive caregiver intervention reduces exposure to these in
cidents, thereby lowering their incidence [39]. However, further decline 
in severe dementia introduces or worsens vulnerabilities, leading to 
elevated aspiration, choking, and other risks despite greater supervision. 
These findings underscore the need for stage-specific safety strategies 
that both early residual risks and distinct late‑stage challenges.

This study demonstrates that safety incident profiles among cogni
tively impaired patients is highly dependent on the care setting, neces
sitating tailored strategies. (1) Home settings were characterized by a 
high incidence of medication errors (73.3%), falls (40.6%), and house
hold fire (17.6%), primarily due to unsupervised management, envi
ronmental hazards, and caregiver knowledge gaps [40,41]. 
Interventions should prioritize caregiver education, medication man
agement tools (e.g., smart pillboxes), and home safety assessments. (2) 
Hospital settings revealed significant risks for aspiration (32.1%) and 
choking (25.0%). These risks often exacerbated by acute illness severity, 
medication side effects, and inadequate swallowing supervision amidst 
clinical priorities. Prevention requires standardized swallowing assess
ments and staff training in safe feeding techniques. (3) Nursing homes 
presented a different profile, with low rates of falls (7.2%) and medi
cation errors (14.8%), likely due to structured protocols and profes
sional staffing [30]. However, elderly care facilities reported high rates 
of verbal (55.7%) and physical (38.6%) aggression, potentially linked to 
overcrowding and inadequate personalized care [31]. Strategies should 
enhance behavioral management through staff training and environ
mental modifications, while maintaining effective physical safety 
protocols.

This study reveals significant regional disparities in the incidence of 
safety incidents among cognitively impaired individuals in China. Cen
tral China reported the highest overall rate of safety incidents (91.9%), 
with notably high levels of physical aggression (27.4%), and household 
fire (16.1%). In contrast, eastern China-characterized by greater eco
nomic development-demonstrated the lowest rates of key incidents, 
including falls (20.7%), and getting lost (11.3%). Northeastern China 
led in choking incidents (20.7%) and reported highest rates of verbal 
aggression (59.3%). These geographic patterns are closely tied to local 
conditions. The discrepancy could be attributed to factors such as local 
dietary habits, traditional practices, and healthcare access limitations. 
These disparities underscore the need for region-specific strategies, 
including caregiver education focused on local risks, infrastructure im
provements (e.g., subsidizing home safety modifications in resource- 
limited areas), and safety protocols adapted to socio-cultural practices.

Network analysis identified medication errors and getting lost as 
central, highly interconnected nodes within the safety incident network. 
Medication errors showed strong interconnectivity, indicating a shared 
vulnerability in management systems where targeted interventions (e.g., 
medication reconciliation, caregiver training) could yield broad benefits 
[23]. Similarly, getting lost often act as sentinel events, precipitating 
functional decline and worsened behavioral symptoms [11]. A distinct 
behavioral cluster linked physical and verbal aggression, suggesting 
cycles triggered by unmet needs or communication difficulties [42]. 
Notably, observable correlational links between this behavioral cluster 
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and medication-related incidents further underline the necessity of in
tegrated multi-domain safety management strategies. Targeting these 
central nodes offers an efficient risk-reduction strategy. For instance, 
multifaceted fall prevention programs combining environmental modi
fications with medication reviews can produce systemic benefits [30]. 
Collectively, these exploratory network findings visualize complex 
synchronous co-occurrence patterns of diverse safety incidents, clarify 
intrinsic correlations across multidimensional safety incidents, and 
provide preliminary empirical evidence for optimized integrated safety 
management for older adults with cognitive impairment.

This study yields substantial practical implications for healthcare 
professionals, family caregivers, frontline emergency responders, and 
public health policymakers and administrators. (1) For healthcare pro
fessionals, our findings highlight high-risk safety incidents and critical 
bridging incident types across different cognitive stages, which can 
guide standardized stage-based safety screening, targeted risk evalua
tion, and individualized preventive intervention in routine cognitive 
care. (2) For family caregivers, the identified safety incident types and 
interactive mechanisms enable personalized home safety management, 
continuous risk monitoring, and proactive precautionary training to 
reduce avoidable adverse safety incidents. (3) For frontline emergency 
personnel, including fire and police officers, the categorized safety in
cidents and stage-specific incident characteristics provide empirical 
evidence to support rapid risk judgment, standardized emergency 
disposal, and targeted on-site rescue responses for cognitively impaired 
older adults involved in safety incidents. (4) For policymakers and 
public health administrators, the notable regional and setting-based 
disparities in safety incident prevalence emphasize the necessity of 
optimizing regional geriatric healthcare resource allocation, developing 
unified safety management guidelines for older adults with cognitive 
impairment, and implementing systematic caregiver education and 
supportive service programs. Therefore, collaborative, multi- 
stakeholder efforts are warranted to comprehensively safeguard the 
safety of older adults across the entire spectrum of cognitive 
impairment.

This study has several limitations. First, the cross-sectional design 
only captures single-time-point observational data. Accordingly, the 
constructed safety network solely reflects correlational, synchronous co- 
occurrence of safety incidents rather than causal relationships, direc
tional risk pathways, or longitudinal safety changes alongside cognitive 
decline, highlighting the need for longitudinal validation. Second, the 
study relied heavily on caregiver proxy reports (93.4%) rather than 
patient self-reports, which may introduce recall bias and potential 
misclassification. Heterogeneity in respondents across SCD, MCI, and 
dementia subgroups may also reduce comparability across groups. 
Future studies are encouraged to incorporate objective monitoring tools 
(e.g., wearable devices, smart sensors) to reduce subjective retrospective 
reporting bias. Third, driving safety was excluded due to the study’s 
predominant use of public transportation and travel restrictions for 
those over 70. Future multinational studies should include driving 
metrics where relevant. Fourth, non-probability sampling from memory 
clinics and Alzheimer’s Disease Center registries may restrict the 
generalizability of findings to broader community populations. Finally, 
multiple unmeasured confounders, including healthcare accessibility, 
caregiver burden, and socioeconomic factors, were not adjusted for, and 
subgroup analyses remained unadjusted. Future studies with 
population-based sampling, longitudinal designs, multivariable adjusted 
models, and objective outcome measures are warranted to validate and 
extend our findings.

5. Conclusions

This study reveals the alarmingly high incidence of safety incidents 
among patients with cognitive impairment, encompassing physical, 
psychological, and familial aspects. Safety incidents were identified in 
more than one-fifth of cases, including medication errors, verbal 

aggression, falls, and physical aggression. The research further identifies 
significant disparities in incidence rates based on care settings, 
geographic regions, and disease stages, underscoring the critical influ
ence of physiological, environmental, and socioeconomic factors on 
patient safety. Network analysis identified medication errors and falls as 
central bridging nodes, linking multiple co‑occurring incidents within 
the safety profile. Targeted, stage-specific, context-tailored preventive 
strategies, alongside collaborative multidisciplinary and multi- 
stakeholder efforts including healthcare professionals, family care
givers, fire and police emergency responders, and public health policy
makers are imperative to alleviate cascading safety risks, standardize 
safety management protocols, and ultimately improve patient safety and 
quality of life among older adults with cognitive impairment.
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