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The risk of falls among the aging
population: A systematic review
and meta-analysis

Qingmei Xu†, Xuemei Ou† and Jinfeng Li*

Department of Geriatrics, The A�liated Traditional Chinese Medicine Hospital of Southwest Medical

University, Luzhou, China

Aim: This study aims to clarify the risk factors for falls to prevent severe

consequences in older adults.

Methods: We searched the PubMed, Web of Science, Embase, and Google

Scholar databases using the terms “risk factors” OR “predicting factors”

OR “predictor” AND “fall” OR “drop” to identify all relevant studies and

compare their results. The study participants were divided into two groups,

the “fall group” and the “control group”, and di�erences in demographic

characteristics, lifestyles, and comorbidities were compared.

Results: We included 34 articles in the analysis and analyzed 22 factors. Older

age, lower education level, polypharmacy, malnutrition, living alone, living in

an urban area, smoking, and alcohol consumption increased the risk of falls

in the aging population. Additionally, comorbidities such as cardiac disease,

hypertension, diabetes, stroke, frailty, previous history of falls, depression,

Parkinson’s disease, and pain increased the risk of falls.

Conclusion: Demographic characteristics, comorbidities, and lifestyle factors

can influence the risk of falls and should be taken into consideration.

KEYWORDS

age, malnutrition, fall, meta-analysis, rural

Introduction

By 2050, people older than 65 years are estimated to account for 16% of the

population (1). Falls are a major public health problem, as approximately 28–35%

of individuals aged ≥ 65 years experience falls each year. As the aging population

increases, more individuals will be at risk of falling (2).Among older people, physical

falls are events that adversely affect health and lead to disability and mortality (3, 4).

Moreover, fall-associated economic burdens are substantial and continue to increase

worldwide (4, 5). Even non-injury falls are associated with negative impacts, such as

anxiety, depression, and decreased mobility, which greatly affect the quality of life

(QOL) and aging trajectory. The most harmful consequences of injurious falls are hip

fracture and brain damage (4). Research on the risk of falling has become increasingly

important to maintain the health of older individuals (2).Early screening for the risk of

fall that takes risk factors into account is needed. Many retrospective, cross-sectional,

and longitudinal studies have examined fall prevalence, fall-related consequences, and

risk factors for falls in older individuals. However, even though some reviews have
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addressed these topics (6, 7), a high-quality systematic review

has yet to be conducted. Therefore, in this study, we aimed

to investigate the association between lifestyle factors and fall

risk in aging adults to promote the development of effective fall

prevention strategies.

Methods

Guidelines and ethical review

We followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines in this

systematic review. As this study was a review, no ethical approval

was necessary.

Search strategy and data extraction

We hypothesized that demographic characteristics, lifestyle

factors, and comorbidities would influence the risk of falls

in the aging population. We chose these risk factors on the

basis of records in the literature. After searching and carefully

reading the literature, we found that the above factors had

the most related studies and received the most attention.

Therefore, we compared these factors between fall and non-fall

groups. We searched for potentially relevant articles published

in English before January 2022 during the initial search

process. The terms searched in the PubMed, Web of Science,

Embase, and Google Scholar databases were as follows: “risk

factors” OR “predicting factors” OR “predictor” AND “fall”

OR “drop”. Since Boolean operators do not work on Google

Scholar, we used search terms like “risk factors for fall” and

“predicting factors for fall” on Google Scholar. Two authors

independently screened all the abstracts and citations of all

studies identified with the search strategy to determine eligible

studies. Data were independently extracted by two of the

authors using a standardized Excel file. Studies were considered

eligible if they included two groups and aging individuals

(≥65 years old) with or without falls, and presented data on

the baseline lifestyle characteristics and comorbidities of the

participants. The exclusion criteria were as follows: duplicate

publications, reviews, studies on unrelated topics, studies with

different variables, and studies with different group criteria.

The search process consisted of 2 steps, the initial search with

short keywords and then detailed search with detailed search

strategy (present in Supplementary File 1). The description of

the detailed search strategy for each part of the PICO research

question is provided in Supplementary File 1, which is amended

for other databases using database-specific subject headings,

where available, and keywords in both titles and abstracts. The

extracted data included baseline characteristics, lifestyle habits,

TABLE 1 Details of included papers.

Author Year Included

number

Research type

Carvalho 2020 131 Retrospect study
Díaz et al. (8) 2020 2,849 Retrospect study

Dixe et al. (9) 2021 204 Prospective cohort

study
Djurovic et al. (10) 2021 561 Retrospect study

Fukui et al. (11) 2021 185 Prospective cohort

study

Griffin et al. (12) 2020 353 Observational study

of RCT

Lackoff et al. (13) 2020 2,114 Prospective cohort

study
Ilhan et al. (14) 2019 1,441 Retrospect study

Naharci et al. (15) 2020 520 Prospective cohort

study

Immonen et al. (16) 2020 872 Retrospect study

Inacio et al. (17) 2021 32,316 Retrospect study
Ishida et al. (18) 2020 6,081 Retrospect study

Kim et al. (19) 2013 294 Retrospect study

Kitayuguchi et al. (20) 2021 965 Prospective cohort

study

Pradeep Kumar et al. (21) 2021 63 Cross-sectional

study
Pradeep Kumar et al. (21) 2021 150 Retrospect study

Ie et al. (22) 2021 343 Retrospect study
Lee et al. (23) 2021 232 Prospective cohort

study

Magnuszewski et al. (24) 2020 358 Cross-sectional

study
Makino et al. (25) 2021 2,520 Prospective cohort

study

Mat et al. (26) 2021 605 Prospective cohort

study
Nugraha et al. (27) 2021 154 Prospective cohort

study

Pelicioni et al. (28) 2021 95 Randomized

controlled trial
Pereira et al. (29) 2021 508 Cross-sectional

study

Ravindran et al. (30) 2016 501 Prospective cohort

study

Rivan et al. (31) 2021 815 Prospective cohort

study
Sagawa et al. (32) 2018 1,817 Prospective cohort

study

Schultz et al. (33) 2015 278 Retrospect study
Severo et al. (34) 2018 358 Prospective cohort

study

Teoh et al. (35) 2020 1,415 Cross-sectional

study
Tsai et al. (36) 2021 6,153 Retrospect study

Wang et al. (37) 2020 2,049 Prospective cohort

study
Yu et al. (38) 2021 237 Prospective cohort

study

Yu et al. (38) 2021 1,164 Retrospect study

Zhang et al. (39) 2021 7,307 Retrospect study

RCT, Randomized controlled trial.
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FIGURE 1

Flowchart of the literature review process and exclusion criteria.

comorbidities, and occurrence of falls. All the included data were

subsequently entered in RevMan 5.1.4.

Comparisons

In our meta-analysis, we compared 22 factors between the

two groups (the fall group and the control [no falls] group).

The factors included age, body mass index (BMI), education

level, polypharmacy, sex, relationship status (living alone),

residential location (rural), (mal)nutrition, smoking status,

alcohol consumption, and comorbidities including cardiac

disease, hypertension, diabetes, stroke, depression, Parkinson’s

disease, pain, vision impairment, frailty, previous history of falls,

and cognitive impairment.

Quality assessment

The quality of the included studies was assessed by two

authors according to the Cochrane Collaboration Reviewer’s

Handbook and the Quality of Reporting of Meta-analysis

guidelines (40, 41).

Data analysis

The data were analyzed using RevMan 5.1.4. Continuous

outcomes are presented as weighted mean differences (MDs)

with 95% confidence intervals (CIs). Dichotomous data are

presented as relative risks (RRs) with 95% CIs. A meta-analysis

was performed using fixed-effect or random-effects models as

appropriate. Specifically, the fixed-effects models were used

when no significant heterogeneity was present, and the random-

effects models were used when heterogeneity was present.

Statistical heterogeneity among the trials was evaluated by the

I2 test, with significance set at P < 0.05.

Results

Description of the included studies

A total of 14,144 reports were initially identified from the

databases. After screening for duplicate publications, reviews,

and irrelevant records based on the titles and abstracts, 13,139

reports were excluded from the study. After screening the full

texts, 422 articles with different baseline data, 432 articles with

different results criteria, and 117 articles with different group

classifications were excluded. Thus, we eventually included 34

articles in the final analysis (8–32, 34–39, 42–44). The conditions

of these studies and the clinical details of the participants are

presented in Table 1. A flow chart of the literature search is

shown in Figure 1.

Characteristics and lifestyles of people
with/without falls

First, we compared aging adults in terms of age, BMI,

education level, polypharmacy, malnutrition, sex (female), living

alone, living in a rural area, smoking status, and alcohol

consumption (Figures 2A–L). Older age (MD 1.87; 95%CI 1.14–

2.6; p < 0.00001, Figure 2A), number of drugs used (MD.36;

95% CI.19–0.52; p < 0.0001, Figure 2E), and polypharmacy (RR
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FIGURE 2

(A–L) Forest plots of the impacts of patient characteristics and lifestyle factors on the risk of falls.

1.06; 95% CI 1.03–1.09; p = 0.0002, Figure 2F) were associated

with increased incidence of falls. Malnutrition (RR 1.4; 95% CI

1.19–1.64; p < 0.0001, Figure 2G), living alone (RR 1.39; 95% CI

1.29–1.5; p < 0.00001, Figure 2I), living in a rural area (RR 1.09;

95% CI 1.02–1.16; p= 0.006, Figure 2J), smoking (RR 1.17; 95%

CI 1.05–1.3; p = 0.004, Figure 2K), and alcohol consumption

(RR 1.18; 95% CI 1.09–1.28; p < 0.001, Figure 2L) were risk

factors for falls. Education level (MD −0.29; 95% CI −0.73–

0.16; p = 0.21, Figure 2C) had no impact on risk of falls, but

completion of the mandatory level of education (RR 0.93; 95%

CI 0.89–0.97; p = 0.006, Figure 2D) decreased the risk of falls.

BMI (MD −0.22; 95% CI −0.48–0.05; p = 0.11, Figure 2B) and

sex (RR 1.02; 95% CI 1–1.04; p = 0.13, Figure 2H) did not affect

risk of falls.

Comorbidities in people with or without
falls

Eleven comorbidities were compared between people with

and without falls: cardiac disease, hypertension, diabetes, stroke,

vision dysfunction, frailty, fall history, cognitive impairment,

depression, Parkinson’s disease, and pain (Figures 3A–L). Even
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FIGURE 3

(A–L) Forest plots of the impacts of comorbidities on the risk of falls.

though these comorbidities may alter the rate of frailty among

elderly individuals (RR 1.1; 95% CI 1.05–1.15; p < 0.0001,

Figure 3A), not all of the comorbidities mentioned above

necessarily influence falls. For instance, diabetes (RR 1.08;

95% CI 0.87–1.34; p = 0.49, Figure 3D), stroke (RR 1.55;

95% CI 0.72–3.35; p = 0.26, Figure 3E), vision dysfunction

(RR 1.24; 95% CI 0.91–1.69; p = 0.17, Figure 3F), and

cognitive impairment (RR 1.11; 95% CI 0.88–1.39; p =0.37,

Figure 3I) did not significantly differ between the two groups.

In contrast, heart disease (RR 1.14; 95% CI 1.09–1.19;

p < 0.00001, Figure 3B), hypertension (RR 1.08; 95% CI 1.03–

1.12; p = 0.0004, Figure 3C, frailty (RR 1.35; 95% CI 1.25–

1.45; p < 0.00001, Figure 3G), fall history (RR 1.53; 95% CI

1.44–1.62; p < 0.00001, Figure 3H), depression (RR 4.34; 95%

CI 4.02–4.68; p < 0.00001, Figure 3K), Parkinson’s disease

(RR 3.05; 95% CI 1.84–5.05; p < 0.0001, Figure 3K), and

pain (RR 1.22; 95% CI 1.11–1.34; p < 0.0001, Figure 3L)

were associated with increased risk of falls among the

aging population.

Discussion

In older adults, falls impose major health, economic, and

societal burdens (16). Falls are the leading cause of injury

in the elderly population (36). A serious fall could result in

decreased independence and reduced QOL (36). Hip fracture,

in particular, is a serious and devastating consequence of falling

in older individuals (36). Moreover, Makino et al. reported that

fall history is the most influential predictor of future falls (25).
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According to recent research, fall history increases the current

risk of falls. Some research has also proposed that fear of falling

is significantly associated with falls. Usually, fear of falling arises

from a fall history (45). Patil R et al. suggested that fear of falling

may increase even after a non-injurious fall. Subsequently, older

adults may enter into a negative cycle in which they reduce

their activity, leading to reduction in functionality (45). To avoid

this negative cycle, we recommend early prevention of falls in

elderly adults. Fear of falling was also independently associated

with presence of knee pain, with a significant relationship

observed between fear of falling and moderate to severe knee

pain but not mild knee pain (14). Pain is a frequently mentioned

factor, but only a few studies have prospectively collected data

on fall occurrence in relation to knee pain or the lack of

association between knee pain and fall occurrence during long-

term follow-up. Furthermore, fear of falling may exacerbate

depression. Our present results demonstrated that depression

can also impact the risk of falls. As most falls result from

loss of balance while walking and poor balance is the leading

risk factor for falls, people tend to focus on the importance

of mobility in the risk of falls (46). This explains the lack of

sufficient predictive factors in older adults at risk of one or more

falls. Additionally, social factors can increase the psychological

burden on elderly individuals and reduce self-care capability, a

factor with strong influences (47) on the risk of falls as well as the

incidence rates of many diseases. Thus, the identification of risk

factors for falls will provide important guidance for the care of

elderly individuals.

Older age, polypharmacy, malnutrition, frailty, smoking,

and alcohol consumption significantly increased the risk of falls;

these factors also reflect decline in physical condition. Moreover,

chronic illnesses are very common in older adults, and cardiac

disease, hypertension, diabetes, stroke, and Parkinson’s disease

are associated with falls. Older adults residing in urban areas

had a higher risk of falling than those residing in rural areas

(27). This difference may be explained by traffic, which can

impede medical treatment. Residency in suburban areas has

certain advantages; for instance, it is easier to engage in physical

exercises, such as walking, in suburban and rural areas than in

urban areas. Physical exercise helps to reduce the risk of falls in

adults and improves lower limb strength in older people (27, 47).

Moreover, living in a rural area is associated with less pollution

exposure; this factor is particularly important in developing

countries because pollution may cause comorbidities. However,

only a few articles have focused on this topic. We plan to explore

this topic further in the future once a larger number of relevant

reports have been published. Sex has been identified as a risk

factor for falls among older adults (37), but in our study, women

did not have a higher risk of falling than men. While women

experience a higher rate of frailty than men (37), men are more

likely to exhibit harmful lifestyle habits, such as smoking and

consuming alcohol; therefore, sex differences in the risk of falling

merit further study. Another risk factor in our study is living

alone, which increases the risk of depressive symptoms and the

impacts of falls.

A major strength of this study is that we analyzed data from

several large-scale, well-characterized cohorts and systematically

summarized the risk factors for falls in the elderly population.

These findings can inform healthcare in the elderly population.

Biswas et al. explored the risk factors for falls among older

adults in India (6); however, their study focused on only the

Indian population and thus exhibited geographic and ethnic

limitations. Xie et al. examined risk factors for the development

of fear of falling, but fear of falling was only one of the risk factors

for falls; we suggest that it is more meaningful to identify the

risk factors for falls. Ourmeta-analysis also has some limitations.

For example, we did not categorize the participants according to

whether they lived in the community or in nursing homes, which

is a major factor associated with the risk of falls.

Conclusion

We demonstrated that (1) older age, polypharmacy,

malnutrition, single status, living in a rural area, smoking, and

alcohol consumption significantly increased the risk of falls in

elderly adults. In contrast, higher education level was protective

against falls. Additionally, we found that (2) individuals with

cardiac disease, hypertension, frailty, previous history of falls,

depression, Parkinson’s disease, and pain had a higher risk of

falls than individuals without such comorbidities.
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The growing number of aging populations has become a major problem

worldwide. Nursing homes play an essential role in the later life of older

adults. Previous research indicated potential associations between external

factors and older adults’ intention to live in nursing homes. However, intrinsic

motivation has yet to be fully understood. This article addresses an academic

void that integrated the Basic Psychological Needs Theory (BPNT) and the

Theory of Planned Behavior (TPB) to explore older adults’ intentions to

live in nursing homes. More specifically, it tested the e�ects of autonomy,

competence, and relatedness needs satisfaction as defined in the BPNT on

attitudes, subjective norms, perceived behavioral control, and live-in intentions

toward nursing homes in the TPB. An online survey provided quantitative data

from 425 aging people. The results indicated that the higher the satisfaction of

the basic psychological needs (i.e., autonomy needs, competence needs, and

relatedness needs) of the older adults, the lower their intention to live in nursing

homes. Furthermore, social pressure partiallymediates this relationship. That is,

the higher the satisfaction of the basic psychological needs of older adults, the

lower the pressure from society. Thus, they should be admitted to the nursing

home, and the lower their intention to live in nursing homes. The results

contribute to a better understanding of the deep psychological motivation

of the older adults’ intention to live in nursing homes and support further

development of the BPNT-TPB model in older adults’ health research.

KEYWORDS

Chinese older adults, nursing home, basic psychological needs satisfaction, the theory

of planned behavior, intention
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Introduction

Addressing an aging population has long become a question

of great interest in various fields. China is one of the countries

with the fastest aging population (1). While many older adults

live separately from their adult children, leading to more and

more “empty nest” families (2), older adults’ frailty raises the

need for nursing homes. In the last few decades, there has been

a surge of interest in older adults’ intention to live in nursing

homes (3). Previous studies on the intention to live in nursing

homes have typically concentrated on demographic factors (4–

7) and children’s financial and emotional support (4, 8, 9).

Nevertheless, the rapid changes in China’s demographic, social

and economic conditions weaken the traditional home care

system (3).

It is observed that the integration model of self-

determination theory (SDT) and planned behavior theory

have yielded promising results in different studies (10–13).

Nevertheless, no study has investigated the self-determination

theory’s role in the older adults’ intention to live in nursing

homes, not to mention the use of the integration model. The

basic psychological needs theory is one of the six mini theories of

self-determination theory (14). Given the above, this paper has

two aims. First, it investigates the effect of three psychological

needs satisfaction on the older adults’ intention to live in

nursing homes. Second, test the Chinese older adults’ intention

to live in the nursing home using the integration model.

Literature review and hypothesis
development

Nursing homes

Sanford et al. (15) have reached an international consensus

on the definition of the “nursing home” and what type of services

the “nursing home” provides. Therefore, the nursing home in

this context refers to a facility with a domestic design that

provides 24-h functional support and care to older adults who

need help with their daily activities, who often have complex

health needs and increased vulnerability. The older adults in

nursing homes are self-care, semi-self-care, and non-self-care

elders. Most nursing homes mainly accept residents who need

long-term care. Most of the employees in nursing homes are

trained nurses.

Basic psychological needs theory

According to Ryan et al. (16), everyone must meet

three needs to protect their mental health and the best

human functions. The three most basic needs are “autonomy,”

“competence” and “relatedness.” Autonomy needs satisfaction

refers to the feeling that the individual is free to initiate,

maintain, and terminate the target behavior (17). Competence

needs satisfaction refers to the perception that one can influence

the environment in an ideal way and complete a task within the

scope of his ability (17); relatedness needs satisfaction refers to

an individual’s feeling that they canmaintain a good relationship

with significant others: care for each other and support each

other (18). These needs are cross-personal and cross-cultural

and apply to every aspect of life (19). Meeting these needs

is essential; they guide people’s behavior and are a potential

behavioral incentive (17, 20).

Theory of planned behavior

Ajzen (21) proposed that attitude, subjective norm,

and perceived behavioral control together form behavioral

intentions. In TPB theory, the intention is defined as an

“indication of how hard people are willing to try, of how much

effort they are planning to exert, performing the behavior” (21).

Attitude refers to an individual’s positive or negative evaluation

of a specific intention and behavior. Perceived behavioral

control is used to describe whether the behavior is complex and

whether it is under their control (21). Subjective norms can be

defined as the social pressure perceived by significant others or

reference groups (22).

BPNT-TPB framework

A common criticism of predicting human behavior using

TPB or basic psychological needs theory basic psychological

needs theory (BPNT) alone concerns a lack of motivation.

The theory of planned behavior is believed to overlook the

origin of social cognitive beliefs; self-determination theory

fails to explain the contingency of situations nor the process

of transforming motivational orientation into behavioral

intentions and behaviors (23, 24).

Some scholars tend to integrate self-determination theory

with the theory of planned behavior to address these

shortcomings. Drawing on 45 tests of SDT-TPB structures,

Hagger and Chatzisarantis (12) used meta-analysis to examine

the motivation sequence. The results indicated that the proximal

predictors of TPB partially mediated the significant effect of

SDT on intention. The basic psychological needs theory is the

most widely used SDT’s six mini-theories (14). Consequently,

this study assumed that the BPNT-TPB model is appropriate for

studying older adults’ intentions to live in nursing homes. This

study classifies essential psychological needs satisfaction into

three dimensions: autonomy needs satisfaction, competence

needs satisfaction and relatedness satisfaction (16), and explores

the more complicated relationship between BPNT and TPB

variables. The framework model is as shown in Figure 1.
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FIGURE 1

Framework model.

Development of hypotheses

Relationship between basic psychological
needs satisfaction and intention

Al-Jubari (25) suggested that autonomic motivation occurs

when an individual’s behavior satisfies basic psychological needs,

namely autonomy, competence, and relatedness. Hagger (26)

pinpointed those essential psychological needs satisfaction,

directly and indirectly, affected intention. Besides, according

to Harris et al. (27), the SDT suggested that people who have

been adequately satisfied with psychological needs were more

likely to engage in actions to sustain their sense of autonomy,

competence, and relatedness needs. Therefore, older adults

who meet basic psychological needs in their daily lives may

continue their original lifestyle to meet their needs of autonomy,

competence, and relatedness. They are expected to be less willing

to live in nursing homes. So, this research proposes hypothesis 1:

H1: Basic psychological needs satisfaction negatively

influences the intention to live in nursing homes.

Relationship between basic psychological
needs satisfaction and TPB variables

Individuals align their cognitions and emotions with overall

motivation, resulting in self-motivated behaviors to meet the

basic psychological needs of autonomy, competence, and

relatedness (28). Deci et al. (29) pointed out that the satisfaction

of people’s needs for autonomy, competence, and relatedness

facilitates internalizing their values and supervision processes,

which was verified in another study (30). González-Cutre (31)

concluded that TPB lacks the origin of the belief, and an

individual’s pursuit of basic psychological need satisfaction

provides the reasons for attitude, intention and behavioral

engagement. These research results agreed that the basic

psychological need satisfaction predicts proximal factors of TPB:

attitudes, subjective norms and perceived behavioral control.

Previous research has concluded that the satisfaction of three

basic psychological needs positively affects individual exercise

participation in sports (32). According to Baard et al. (33),

people with higher satisfaction with their needs usually have a

positive attitude toward the target behavior and find it easier to

exhibit positive behavior. Similarly, Baard et al. (33) suggested

that the higher people’s satisfaction with the three needs, the

higher their self-esteem and welfare. Al-Jubari (25) researched

college students’ entrepreneurial intentions and found that

satisfaction with basic psychological needs positively affected

entrepreneurial attitude, perceived behavioral control, and the

subjective norm.

Therefore, this study speculate that for the Chinese older

adults, the higher the basic psychological needs satisfaction, the
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more positive their attitude toward continuing their original

life, but the more negative their attitude toward nursing homes.

At the same time, there will be less pressure on significant

others around them to put them in nursing homes, and the

subjective norm will be lower. On the contrary, the higher basic

psychological needs satisfaction of the older adults are associated

with a higher the perceived behavioral control. This research

proposes hypotheses 2–4:

H2: Basic psychological needs satisfaction negatively

influences attitude.

H3: Basic psychological needs satisfaction negatively

influences subjective norms.

H4: Basic psychological needs satisfaction positively

influences perceived behavioral control.

Relationship among TPB variables

In a seminal paper, Ajzen (21) provides the earliest

description of TPB that behavioral intention is a function of

attitude, subjective norm, and perceived behavioral control.

In a recent nursing home study, Huang’s (34) research show

that attitude and perceived behavioral control directly affect

the intention to move into a nursing home. Subjective norms

have the most negligible effect on intention but strongly affect

intention through attitude. Themediation effect shows that their

opinions and social perceptions will affect attitudes and thus

affect behavioral intentions of moving into a nursing home.

At the same time, perceived behavioral control also strongly

influences the intention of older adults to move into nursing

homes. No matter how positive their attitude toward moving

into senior housing is nor how significant others support their

decision, their intention to move in will decrease as long as

there are potential restrictions. Therefore, this study proposes

hypotheses 5–7:

H5: Attitude, subjective norms, and perceived behavioral

control positively influence the intention to live in

nursing homes.

Mediation e�ect on TPB variables

Many scholars have integrated SDT and TPB to explain

the processes behind the behavior. Hagger’s (26) motivational

sequence research found that basic psychological needs

satisfaction affects intentions via attitudes and perceived

behavioral control. At the same time, the subjective norm’s

effect is insignificant. This view is supported by Barkoukis

(35), who found that the proximal predictors of TPB: attitude,

subjective norm, and perceived behavioral control mediate the

effect of basic psychological need satisfaction on the intention

to exercise leisure time. Similarly, Al-Jubari (25) underlines that

attitude and perceived behavioral control completely mediate

the effect of satisfying the basic psychological needs of college

students’ entrepreneurial intention. Therefore, we hypothesized

that the basic psychological needs satisfaction indirectly impacts

intention via attitude, subjective norms and perceived behavioral

control. Therefore, this research proposes hypotheses 8–10:

H6: Attitude and perceived behavioral control mediate the

effect of basic psychological needs satisfaction on the intention

to live in nursing homes.

H7: Subjective norms play a mediating role in the effect of

basic psychological needs satisfaction on the intention to live in

nursing homes.

Methods

Population and sampling technique

This study employed a cross-sectional survey method

and distributed electronic questionnaires from January to

February 2022. The target population was “the older adults

over 60 years old, living in Henan, China, sober-minded,

able to use a smartphone.” According to the sampling

formula (36), a minimum of 387 samples should be drawn

to ensure accuracy. Our study collected a total of 425

valid questionnaires.

Respondents characteristics

A total of 425 respondents completed the questionnaire, 117

were male and 248 were female. 64.5% of respondents were

aged 60–70 years old. 30.4% of respondents had income between

3,001 and 4,000 yuan. 28.0% of respondents were educated

in high school. 46.4% of respondents had only one child,

and 48.7% of respondents’ physical condition was completely

healthy. Table 1 provides an overview of the respondent’s

gender, age, income, education, number of children, and

physical condition.

Research instrument and statistical
analysis

This study used a 6-point scale to let respondents

choose (37). The research instrument was scaled that has

been validated. Basic psychological needs satisfaction was

measured using the psychological satisfaction portion of

Chen et al.’s (38) scale, attitude referenced by Purnomo

et al.’s (39) scale (attitude to 4Ps: product, price, place,

and promotion), subjective norm and perceived behavioral

control used Nsoh’s (40) scale, intention adopts Xie et al.’s

(41) scale. The software used are SPSS and AMOS. The

key statistical analysis used is descriptive, reliability, validity,

correlation, regression, mediating effect analysis and structural

equation modeling.
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TABLE 1 Descriptive statistics of respondents.

Attribute Category Number Percentage

Gender Male 177 41.6

Female 248 58.4

Age 60–70 274 64.5

71–80 125 29.4

81–90 20 4.7

91 and above 6 1.4

Income 0–1000 yuan 52 12.2

1001–2000 yuan 33 7.8

2001–3000 yuan 72 16.9

3001–4000 yuan 129 30.4

4001–5000 yuan 108 25.4

5001 and above 31 7.3

Education uneducated 33 7.8

primary school 61 14.4

junior high school 90 21.2

high school 119 28.0

college 94 22.1

Undergraduate 20 4.7

Master degree and above 8 1.9

Number of children 0 7 1.6

1 197 46.4

2 149 35.1

3 56 13.2

4 and above 16 3.8

Physical condition completely healthy 207 48.7

chronically ill but able to

take care of themselves

197 46.4

chronically ill and unable to

take care of themselves

21 4.9

Bedridden and unable to

take care of them self

0 0

Results

Reliability analysis

Reliability analysis uses Cronbach’s alpha reliability

coefficient to check the consistency of questionnaire research

variables on each measurement item. It can be seen from Table 2

that Cronbach’s alpha coefficient of each variable is greater than

the standard of 0.7 (0.862–0.921), indicating that the variable

has good internal consistency reliability. The “Corrected

item-total Correlation” number is greater than the standard

of 0.5 (0.645–0.832), indicating that the measurement items

meet the research requirements. “Cronbach’s Alpha if Item

Deleted” shows that deleting any item will not cause Cronbach’s

alpha value to increase, indicating that the variable has good

reliability (42).

TABLE 2 Reliability analysis.

Variable Item Corrected

item-total

correlation

Cronbach’s

Alpha if item

deleted

Cronbach’s

Alpha

BPNS-AU AU1 0.770 0.798 0.862

AU2 0.745 0.809

AU3 0.664 0.842

AU4 0.662 0.843

BPNS-CO CO1 0.775 0.880 0.904

CO2 0.792 0.874

CO3 0.811 0.867

CO4 0.764 0.885

BPNS-RE RE1 0.789 0.848 0.891

RE2 0.764 0.858

RE3 0.757 0.861

RE4 0.729 0.871

AT-PD AT1 0.723 0.899 0.911

AT2 0.721 0.899

AT3 0.703 0.901

AT4 0.712 0.900

AT5 0.746 0.896

AT6 0.775 0.893

AT7 0.737 0.897

AT-PR AT8 0.749 0.870 0.895

AT9 0.763 0.867

AT10 0.742 0.872

AT11 0.750 0.870

AT12 0.705 0.880

AT-PL AT13 0.645 0.881 0.887

AT14 0.732 0.862

AT15 0.750 0.858

AT16 0.776 0.852

AT17 0.743 0.861

AT-PM AT18 0.692 0.914 0.921

AT19 0.703 0.913

AT20 0.724 0.912

AT21 0.729 0.912

AT22 0.680 0.914

AT23 0.700 0.913

AT24 0.700 0.913

AT25 0.686 0.914

AT26 0.699 0.913

AT27 0.707 0.913

SN SN1 0.816 0.882 0.910

SN2 0.760 0.893

SN3 0.776 0.890

SN4 0.741 0.898

SN5 0.775 0.890

PBC PBC1 0.801 0.820 0.887

PBC2 0.773 0.846

PBC3 0.767 0.852

IN IN1 0.822 0.874 0.910

IN2 0.816 0.876

IN3 0.832 0.864

BPNS-AU, Basic psychological needs satisfaction-autonomy satisfaction; BPNS-

CO, Basic psychological needs satisfaction-competence satisfaction; BPNS-RE, Basic

psychological needs satisfaction-relatedness satisfaction; AT-PD, attitude to product;

AT-PR, attitude to price; AT-PL, attitude to place; AT-PM, attitude to promotion;

SN, subjective norm; PBC, perceived behavioral control; IN, intention to live in

nursing homes.
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TABLE 3 Convergent validity analysis of scales.

Variables Items Factor loading CR AVE

BPNS AU 0.830 0.879 0.671

CO 0.773

RE 0.713

BPNS-AU AU1 0.871 0.863 0.613

AU2 0.822

AU3 0.715

AU4 0.712

BPNS-CO CO1 0.828 0.905 0.705

CO2 0.842

CO3 0.868

CO4 0.819

BPNS-RE RE1 0.857 0.891 0.672

RE2 0.822

RE3 0.817

RE4 0.782

AT ATPD 0.692 0.853 0.592

ATPR 0.792

ATPL 0.813

ATPM 0.775

AT-PD AT1 0.756 0.911 0.595

AT2 0.763

AT3 0.738

AT4 0.745

AT5 0.792

AT6 0.825

AT7 0.777

AT-PR AT8 0.799 0.895 0.630

AT9 0.833

AT10 0.801

AT11 0.794

AT12 0.738

AT-PL AT13 0.687 0.889 0.617

AT14 0.776

AT15 0.807

AT16 0.831

AT17 0.817

AT-PM AT18 0.731 0.921 0.540

AT19 0.734

AT20 0.754

AT21 0.765

AT22 0.707

AT23 0.732

AT24 0.733

AT25 0.717

AT26 0.734

AT27 0.738

PBC PBC1 0.885 0.888 0.726

PBC2 0.840

PBC3 0.830

IN In1 0.879 0.912 0.776

In2 0.869

In3 0.894

BPNS, basic psychological needs satisfaction; BPNS-AU, Basic psychological needs

satisfaction-autonomy satisfaction, BPNS-CO, Basic psychological needs satisfaction-

competence satisfaction; BPNS-RE, Basic psychological needs satisfaction-relatedness

satisfaction; AT, attitude to 4P; AT-PD, attitude to product; AT-PR, attitude to price; AT-

PL, attitude to place; AT-PM, attitude to promotion; SN, subjective norm; PBC, perceived

behavioral control; IN, intention to live in nursing homes.

TABLE 4 Discrimination validity: Pearson correlation and AVE square

root.

BPNS ATP SN PBC IN

BPNS 0.819

AT −0.144** 0.769

SN −0.223** 0.230** 0.820

PBC −0.107* 0.197** 0.211** 0.852

IN −0.431** 0.521** 0.653** 0.466** 0.881

Bolded values are AVE root values; BPNS, basic psychological needs satisfaction; AT,

attitude to 4P; SN, subjective norm; PBC, perceived behavioral control; IN, intention to

live in nursing homes.

*P < 0.05, **P < 0.01.

Convergent and discriminant validity

Table 3 shows that the standardized factor loadings of

each item are greater than 0.6 (0.687–0.894), the combined

reliability (CR) ismore significant than 0.7 (0.853–0.921) and the

average variation extraction (AVE) is more significant than 0.5

(0.540–0.776), indicating that each variable has good convergent

validity (43).

CFA can also be used to analyse the discriminant validity

of the scale. Table 4 presents the results of the discriminant

validity analysis of the scale. The diagonal line in the table is

the AVE square root value, and the rest are the correlation

coefficients. The AVE root of each factor is greater than

the standardized correlation coefficient outside the diagonal,

so the scale has good discriminant validity. Therefore, based

on the above analysis, the scales of this study have good

validity (43).

Hypothesis testing, model fit and path
analysis

This study used a structural equation model, as shown

in Figure 2, where the hypotheses were tested concerning the

model fit, path coefficient, and mediation test.

The results of the model fit analysis are presented in Table 5.

Table 5 showed that CMIN/DF = 1.249, GFI = 0.887, AGFI =

0.873, NFI = 0.903, IFI = 0.979, TLI = 0.978, CFI = 0.979,

and RMSEA = 0.024, which indicated that the fitness of the

measurement model was acceptable.

Table 6 summarizes the results obtained from the

preliminary analysis. Basic psychological needs satisfaction

significantly negatively affects intention (β = −0.167, p

< 0.001), so H1 is supported. Basic psychological needs

satisfaction has no significant effect on attitude (β = −0.071,

p > 0.05), so H2 is not supported. Basic psychological needs

satisfaction significantly negatively affects subjective norm (β

= −0.186, p < 0.01), so H3 is supported. Basic psychological

needs satisfaction has no significant effect on perceived
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FIGURE 2

Structural equation model.

behavioral control (β = −0.079, p > 0.05), so H4 is not

supported.

Attitude has a significant positive effect on intention

(β = 0.354, p < 0.001), the subjective norm has a

significant positive effect on intention (β = 0.463, p <

0.001), and perceived behavioral control has a significant

positive effect on intention (β = 0.295, p < 0.001), so H5

is supported.

Mediating e�ect analysis

The mediating effect is not supported if the path

from the independent variable to the mediating variable is

insignificant. The results obtained from 4.3, H2 and H4

are not supported. So, the mediating effects of attitude

and perceived behavioral control are not supported. H6 is

not supported.

The bootstrap method is one of the most suitable methods

for verifying the mediation effect (44, 45). Therefore, the

bootstrapping method was used to verify the mediating

effect. When the 95% confidence interval excludes 0, the

effect is significant. Conversely, when the 95% confidence

interval for the direct effect includes 0, the effect is

insignificant. Under the premise that the total effect is

significant, if both the indirect effect and the direct effect

are significant, then the variable has a partial mediating

effect; if the direct effect is not significant and the indirect

effect is significant, then the variable has a full mediating

effect (45).

Frontiers in PublicHealth 07 frontiersin.org

19

https://doi.org/10.3389/fpubh.2022.947946
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lei et al. 10.3389/fpubh.2022.947946

Table 7 shows that the indirect effect value of

BPNS_SN_IN is −0.086. The 95% confidence interval

is (−0.156, −0.011) and (−0.159, −0.012), excluding 0,

indicating that the indirect effect is significant, so H7

is supported. The direct effect of BPNS_IN is −0.171.

After adding the subjective norm, the total effect of

BPNAU_IN is −0.318, so the Subjective norm has a partial

mediating effect.

TABLE 5 Model fit index.

Fit index Standard Value Fitting situation

CMIN — 1441.366 —

DF — 1157 —

CMIN/DF <3 1.249 Good

RMR <0.08 0.058 Good

GFI >0.9 0.887 Acceptable

AGFI >0.9 0.873 Acceptable

NFI >0.9 0.903 Good

IFI >0.9 0.979 Good

TLI >0.9 0.978 Good

CFI >0.9 0.979 Good

RMSEA <0.08 0.024 Good

Discussions and conclusion

It is worth mentioning that our research found that

basic psychological needs satisfaction harms the Chinese older

adults’ intention to live in nursing homes. This finding is

consistent with the hypothesis of this study. Meeting people’s

basic psychological needs can promote their physical and

psychological wellbeing (17). In the whole life cycle of older

adults, “living in a nursing home” manifests regression and

weakening of personal ability. Therefore, the higher the basic

psychological needs satisfaction of the older adults, the less

willing they are to live in nursing homes.

The surprising correlation is basic psychological needs

satisfaction did not affect the older adults’ attitude to nursing

homes. These results differ from previous studies (12, 13). They

may somewhat limit these findings. It could be argued that

the positive results were due to the attitude scale using the

attitude’s 4Ps scale (attitude to nursing homes’ product, price,

place and promotion). The scale includes 27 items with four

dimensions: prices, product, place and promotion. Compared

with the attitude scale in TPB (21, 46), this scale has a different

focus (on the marketing 4Ps) and is more detailed. These

differences mean that study findings need to be interpreted

cautiously. Therefore, this result may be explained by the fact

that when people’s attitude toward a thing is measured from

the perspective of marketing 4Ps, people’s attitudes may not be

TABLE 6 Path coe�cient of the research model.

Hypothesis Path hypothesis Path coefficient Path hypothesis S.E. C.R. P-value Test results

H1 IN ← BPNS −0.167 −0.201 0.038 −5.805 *** Supported

H2 AT ← BPNS −0.071 −0.054 0.044 −1.287 0.301 Not Supported

H3 SN ← BPNS −0.186 −0.216 0.065 −3.471 0.008 Supported

H4 PBC ← BPNS −0.079 −0.097 0.070 −1.397 0.210 Not Supported

H5 IN ← AT 0.354 0.609 0.068 9.087 *** Supported

***P < 0.001. BPNS, basic psychological needs satisfaction; AT, attitude to 4P; SN, subjective norm; PBC, perceived behavioral control; IN, intention to live in nursing homes.

TABLE 7 Bootstrap results of mediating e�ect.

Path Standardized effect value Bias-Corrected 95%CI Percentile 95%CI

Lower bounds Upper bounds Lower bounds Upper bounds

Total Effect

BPNS_IN −0.318 −0.472 −0.139 −0.481 −0.143

Indirect Effect

BPNS_AT_IN −0.027 −0.091 0.031 −0.093 0.033

BPNS_SN_IN −0.086 −0.156 −0.011 −0.159 −0.012

BPNS_PBC_IN −0.024 −0.070 0.023 −0.073 0.024

Direct Effect

BPNS_IN −0.171 −0.273 −0.063 −0.275 −0.064

BPNS, basic psychological needs satisfaction; AT, attitude to 4P; SN, subjective norm; PBC, perceived behavioral control; IN, intention to live in nursing homes.
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related to the degree of satisfaction of basic psychological needs

but only related to the 4Ps of the thing itself.

In addition, basic psychological needs satisfaction does not

affect perceived behavioral control, which does not support

previous studies (25, 47). Reviewing the definition of perceived

behavioral control, it stands for perceptions of whether

the behavior is “difficult” and under its own control (21).

They are combined with the requirements of staying in a

Chinese nursing home. There may be several aspects of the

perceived behavioral control of older adults over admission

to nursing homes. First, whether their pension is sufficient

to cover the cost of living in suitable nursing homes and

daily living. An ethnographic study of China’s older adults’

care institutions addressed older adults’ perceptions of their

financial and caregiving choices. Older adults expressed that

soaring medical costs determine their caregiving choices, “if I

use my pension to pay for a nursing home, I cannot afford

medicine” (48).

Similarly, if older adults have insufficient or no pensions,

their perceived behavioral control may be the extent to which

their family members (i.e., adult children) are willing to pay

for nursing home expenses. A study of institutional care for

older adults from rural China showed that the cost of entering

a nursing home for rural older adults is mostly paid by their

adult children (49). Second, the extent to which older adults’

family members are willing to care for them at home is also

one factor that influences the perceived behavioral control of

Chinese older adults. In the Confucian culture, older Chinese

adults are typically cared for by family members (50). But

because of the “one-child policy” and the rise of “female

professionals,” family members have a heavier burden of caring

for the older adults at home than before (51). Studies have

shown that when the caregivers are adult children rather than

spouses or “other related” there is a small risk of placement in

a nursing home (52). Third, whether there are any restrictions

on admission to nursing homes may also be related to the

perceived behavioral control of older adults. For example, care

needs levels, and funding review. Research from rural China

shows that most nursing homes refuse to admit frail and

demented older adults because of a lack of skilled nursing

staff (53). Nevertheless, not all nursing homes do not admit

frail and demented older adults. There is no universal set of

standards for admission to nursing homes, and each nursing

home has different admission standards and corresponding

charging standards. There is no charge for admission to public

nursing homes in China, so the older adults need to meet the

requirements of being over 60 years old and having no infectious

diseases, mental illnesses, etc., and the older adults need to

apply for admission in advance. Private nursing homes need

to be charged, and admission generally requires the issuance

of a medical examination report from the hospital and the

payment of a deposit. Private nursing homes in some cities

need to apply in advance and wait due to scarcity and good

service. Fourth, the perceived behavioral control of older adults

was also related to how long the waiting list for admission

to a nursing home is. Some private nursing homes have long

waiting lists, and the final list may be skewed toward the more

successful (54).

An explanation for the uncorrelated relationship between

basic psychological needs satisfaction and perceived behavioral

control is that older adults may simply have no idea whether

admission to a nursing home is “difficult” for them. A

Chinese study shows that placing an older adults in a

nursing home is often a deliberate decision made by adult

children (55). Therefore, we found that the perceived behavioral

control of older adults’ nursing home admission contains

many factors.

Subjective norm mediates basic psychological needs

satisfaction and intention to live in nursing homes in our topic.

That is, the higher the satisfaction of the basic psychological

needs of the older adults, the less pressure they perceive

“you should live in a nursing home” from significant others

around them, and the lower their intention to live in a nursing

home. Conversely, the lower the satisfaction of the basic

psychological needs of the older adults, the higher the pressure

they perceive “you should be admitted to a nursing home”

from significant others around them, and the higher their

intention to live in nursing homes. This is an unexpected

outcome: the subjective norm is more potent than we thought.

The Chinese collectivist culture may explain this result that

the subjective normative effect of collectivism is stronger than

individualism (56).

Research implications

Theoretical implications

The findings from this study make several contributions

to the current literature. First, there is no research

integrating motivation sequences to explore the older

adults’ intention to live in nursing homes. This research

fills this gap and enriches the BPNT-TPB model’s usage

context. Second, our research found that there may be no

correlation between basic psychological needs satisfaction

and attitudes. Although this may be related to our choice

of the marketing four Ps scale for attitudes rather than the

traditional attitude scales in TPB, it is still an unexpected

finding that gives us theoretical implications. Last, our

findings also highlight the importance of subjective norms

in research in the context of China’s culture, where

collectivism is stronger than individualism. These findings

will provide theoretical suggestions for future related research

in China.
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Practical implications

This research should be precious to the specific government

departments and entrepreneurs who wish to attract residents.

On the one hand, the lower level of the basic psychological

needs satisfaction of the older adults, the higher intention

they admit to nursing homes. So, entrepreneurs need to find

ways to attract older adults who do not meet their basic

psychological needs by building an environment that satisfies

autonomy, relatedness, and competence in nursing homes.

Marketers should try to segment older adult populations and

develop appropriate marketing plans for older adults who do not

meet basic psychological needs in their daily lives.

On the other hand, because of the only mediating effect

of subjective norm, our study suggests that the opinions of

significant others are also crucial for older adults’ occupancy. So,

entrepreneurs and marketers should identify significant others

around older adults, their adult children, spouses, and siblings.

Moreover, develop service plans and marketing programs that

meet the needs of significant others to increase occupancy. For

example, the perception that “sending parents to nursing homes

is unfilial” still exists in Chinese society (57). So, if marketers

ramped up the promotion that sending older adults to nursing

homes for more professional services is more filial, it could

increase occupancy rates for the whole industry. Besides, some

adult children will experience a series of psychological torture

after sending older adults to nursing homes, and grief and

guilt are common manifestations (58). Furthermore, research

shows that older adults experience a series of psychological

reactions when they move to a nursing home, “fear, struggle,

compromise, acceptance, and contribution” (59). These bad

experiences are pain points that need to be addressed urgently.

If entrepreneurs install a remote video system in nursing homes,

significant others can video chat with older adults to ease the

sense of loss of sudden separation. Significant others can also

continue to express their concern for the older adults by video

chatting. This can help significant others, and older adults

go through the difficult relocation period smoothly. Besides,

this may increase the satisfaction of the significant others and

the older adults in the nursing home. Thereby enhancing the

individual competitiveness of nursing homes.

Study limitations and future research

Three limitations are worth highlighting. First, this study

uses a cross-sectional survey to test the hypotheses. The

researcher needs to be aware of possible time-sensitive

relationships between the variables. Second, the sample of this

study is the older adults in Henan Province, China. There

may be regional bias in the findings. If more general findings

are needed, other regions need to be studied. Previous studies

suggested that culture affects people’s perceptions, thoughts and

behaviors (60, 61). This can provide a theoretical basis for

studying the different behaviors due to different cultures and

norms that affect the older adults’ needs and perceptions of

nursing homes. Third, the research instruments used in this

study may have limitations. The attitude’s 4Ps scale was used

to measure the attitude of the older adults toward nursing

homes, and the results showed that the attitude of the older

adults toward nursing home marketing 4Ps was not affected

by the degree of satisfaction of basic psychological needs.

However, this result does not equate to the fact that the

older adults’ attitude toward nursing homes is not affected

by the degree of satisfaction with basic psychological needs.

Future studies can change the attitude scale for research if

more objective results are needed. If future research requires

more objective results, the attitude scale can be changed

for research.

In addition, this study also found the only partial

mediating role of subjective norms (i.e., opinions and pressures

from significant others) in the relationship between basic

psychological needs satisfaction and intentions to live in

nursing homes. This result suggests that significant others

are important for older adults to have specific intentions.

Consequently, future research can further investigate the factors

that predict the attitudes of the older adults’ “significant

others.” Besides, some predictors that we did not include in

the study may also be helpful for research in this direction.

Distance from nursing homes to their own homes may be

a good predictor of essential psychological needs satisfaction.

Future research can consider integrating distance into the

basic psychological needs model. Finally, future studies could

translate live intentions into behaviors through longitudinal

study designs.
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Prevalence and associated factors
of cross-sectional and incident
self-reported arthritis or
rheumatism among a national
community sample of middle-aged
and older adults in Thailand
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1Department of Health Education and Behavioral Sciences, Faculty of Public Health, Mahidol University,

Bangkok, Thailand, 2Department of Public Health, Sefako Makgatho Health Sciences University, Pretoria,

South Africa, 3Department of Psychology, University of the Free State, Bloemfontein, South Africa,
4Department of Psychology, College of Medical and Health Sciences, Asia University, Taichung, Taiwan

Background: The study aimed to assess the prevalence and associated factors of

cross-sectional and incident arthritis or rheumatism among a national community

sample of middle-aged and older adults in Thailand.

Methods: We analyzed cross-sectional and longitudinal data from two consecutive

waves (2015 and 2017) of the Health, Aging, and Retirement in Thailand (HART)

study. Arthritis or rheumatism (SRA) was assessed by self-reported health care

provider diagnosis.

Results: The cross-sectional (baseline) sample included 5,616 participants (≥45 years,

median age 66 years, interquartile range 57 to 76 years) and the incident (follow-

up) sample included 3,545 participants. The prevalence of SRA in the cross-sectional

sample (baseline) was 4.0% and in the incident (follow-up) sample 5.3%. In the cross-

sectional multivariable model, obesity class I (aOR: 1.78, 95% CI: 1.19 to 2.67), obesity

class II (aOR: 1.82, 95% CI: 1.02 to 3.25), hypertension (aOR: 1.90, 95% CI: 1.35 to

2.66), brain disease and/or psychiatric problems (aOR: 4.79, 95% CI: 2.27 to 10.62),

sleep problem (aOR: 1.45, 95% CI: 1.01 to 2.07) and prescription drug use (aOR: 1.63,

95% CI: 1.14 to 2.33) were positively associated, and not in the labor force (aOR: 0.53,

95% CI: 0.34 to 0.84), and employed (aOR: 0.63, 95% CI: 0.41 to 0.99) were negatively

associated with SRA. In the incident multivariable model, obesity class I (aOR: 1.78,

95% CI: 1.17 to 3.61), obesity class II (aOR: 2.01, 95% CI: 1.12 to 3.61), poor mental

health (aOR: 1.69, 95% CI: 1.19 to 2.41), and functional disability (aOR: 2.04, 95% CI:

1.01 to 4.13) were positively associated, and current alcohol use (aOR: 0.50, 95% CI:

0.25 to 0.99) was negatively associated with SRA.

Conclusion: The middle and older Thai adults had a low prevalence and incidence of

SRA, and several physical and mental risk factors for cross-sectional and/or incident

SRA were identified.
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Introduction

A significant global burden of disability can be attributed to

arthritis (1, 2). Worldwide, in the adult population, the prevalence

of knee osteoarthritis was 3.8% (16.0% in persons ≥40 years),

hip osteoarthritis 0.85% and rheumatoid arthritis was 0.24% (1–3).

Among predominantly older adults in six low-and middle-income

countries, the prevalence of self-reported arthritis (SRA) was 19.9%

among women and 14.1% among men (4). Among older adults (≥50

years) in South Africa, 24.7% had SRA (5), in India (≥50 years) 14.7%

(6), and in China (≥45 years) 31.4% had SRA (7). We were unable to

identify national data on the prevalence, incidence, and correlates of

SRA among the aging population in Thailand, which led to the study.

According to previous studies (7–22), factors associated with

arthritis include sociodemographic factors, health risk behaviors,

poor mental health, and chronic conditions. Sociodemographic

factors associated with arthritis include older age (7–11), female sex

(7–11), higher economic status (9) and lower education (10, 12).

Specific health risk behaviors, such as smoking (13), low physical

activity or sedentary behavior (12, 14–16), non-alcohol use (17) and

obesity (5, 8, 14, 18) have shown to increase the risk of arthritis.

Moreover, poor mental health (5, 19, 20), including sleep problems

(19) and depressive symptoms (10, 18, 21), increased the odds of

arthritis. Certain chronic conditions, such as hypertension (7, 10),

cardiovascular disease (7, 22), kidney and chronic lung disease

(7), and functional disability (10, 11, 19) were also found to be

associated with arthritis. Factors associated with incident arthritis

include increasing age (7, 23), female sex (7, 23), physical activity (7),

physical inactivity (23) cardiovascular disease (7), obesity (24, 25),

lower well-being (26), sleep problems (27) and depression (23, 28).

The study aimed to assess for the first time the prevalence,

incidence, and factors associated with SRA among middle-aged and

older adults in a national community-based sample in Thailand in

2015 and 2017.

Methods

Sample and procedure

We analyzed cross-sectional and longitudinal data from two

consecutive waves in 2015 and 2017 of the Health, Aging, and

Retirement in Thailand (HART) study. From the total population and

household data from the Department of Provincial Administration

(DOPA), Ministry of Interior, in Thailand, a three-stage stratified

random sampling was used. In stage 1, in each of 6 regions (Bangkok

& Vicinity, East, North, Northeast, and South) in Thailand, one

small province (<250,000 people ≥45 years) and one large province

(>250,000 people ≥45 years) was selected, except for the East

where only one province was selected. In stage 2, each province

is classified into urban areas (number of blocks) and rural areas

(number of villages). In stage 3, 5,600 households were selected from

the sampled blocks and villages. In each household, one person (≥45

years) was randomly selected, which was the inclusion criterium.

Proxy interviews were conducted for frail participants (29). The 2015

survey (from February to July) (N = 5,616), and the 2017 survey

(from January to June 2017) included 3,708 members of the 2015

HART cohort (192 died during follow-up or 4.3% of the baseline

respondents who were in the study area; 1,554 moved away from

the study area; 270 declined participation and the response rate:

72.33% and the retention rate: 66.03%). Attrition analysis found that

those who were not followed-up were more likely more educated,

Buddhist and male, while there were no significant differences in

terms of other sociodemographic and all health variables. Participants

were interviewed at their homes by trained field workers after

written informed consent was obtained. The study was approved

by the “Ethics Committee in Human Research, National Institute of

Development Administration – ECNIDA (ECNIDA 2020/00012).”

Measures

Arthritis or rheumatism was assessed with self-reported health

care provider diagnosis. Self-report is a reliable method of identifying

arthritis or rheumatism in large population-based surveys (7).

Other chronic conditions were evaluated by self-reported health

care provider diagnosed conditions, including hypertension,

diabetes, lung diseases, emphysema, cardiovascular diseases,

heart disease, heart failure, kidney diseases, liver diseases,

emotional/nervous or psychiatric disease, brain diseases and

Alzheimer’s disease.

Sociodemographic information included age, sex, educational

level, religion, and annual income quartile (30).

Employment status. First, participants were asked if they had a

job (working for an employed, self-employed, or working for family

or relative’s business) now (Yes/No). Participants who had no job

currently were asked if they worked before but retired, worked before

and intended to work in the future but were currently not looking for

a job, or never had a job. Retired individuals were defined as having

no job at the moment and not intending to work in the future, those

without a job and intending to work in the future as unemployed, and

those who never had a job as ‘not in the workforce’ (31).

Tobacco smoking was sourced from the item, “Have you ever

smoked cigarettes?” (response options: “1= yes, and still smoke now,

2= yes, but quit smoking, and 3= never”).

Alcohol use was sourced from the item, “Have you ever drunk

alcoholic beverages such as liquor, beer or wine?” (response options:

1= yes, and still drinking now, 2 = yes, but do not drink now, and 3

= never).

Physical activity in the past week was classified as “none =

inactivity, 1–149 min/week = low activity, and ≥150 min/week =

high activity” (32).

BodyMass Index (BMI) was assessed by self-reported body weight

and height, and classified into “underweight (< 18.5 kg/m2), normal

weight (18.5–22.9 kg/m2), overweight (23–24.9 kg/m2), obesity class

I (25–29.9 kg/m2), and obesity class II (30 kg/m2)” (33).

Prescription drug use was assessed with the question, “In the last

2 years, did you use any prescription drug?” (Yes/No).

Functional disability was defined as any of four activity of daily

living (ADL) limitations (34), previously found a valid measure in

older adults in Thailand (35) (Cronbach’s α = 0.94 at wave 1).

Probable depression (≥10 scores) was assessed using the Center

for Epidemiologic Studies Depression (CES-D-10) scale (36),

previously found a valid measure in Thailand (37, 38).

Factors associated with incident arthritis include increasing age

[7/23], female sex (7, 23), physical activity (7), physical inactivity (23)

cardiovascular disease (7), obesity (24, 25), lower well-being (26),
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TABLE 1 Cross-sectional and incident arthritis or rheumatism.

Variables Subcategory Cross-sectional
arthritis or
rheumatism

p-value Incident arthritis or
rheumatism

p-value

No Yes No Yes

All 5,392 (96.0) 224 (4.0) 3,356 (94.7) 189 (5.3)

Age (in years) 45–54 1,078 (97.6) 27 (2.4) 0.003 635 (96.2) 25 (3.8) 0.018

55–64 1,449 (96.6) 51 (3.4) 927 (95.8) 41 (4.2)

65–74 1,305 (95.3) 65 (4.7) 848 (93.8) 56 (6.2)

75 or more 1,560 (95.1) 81 (4.9) 946 (93.4) 67 (6.6)

Sex Female 2,809 (95.9) 121 (4.1) 0.573 1782 (94.2) 109 (5.8) 0.220

Male 2,583 (96.2) 103 (3.8) 1,574 (95.2) 80 (4.8)

Education ≤Elementary 4,389 (95.8) 191 (4.2) 0.175 2,810 (94.5) 165 (5.5) 0.217

>Elementary 983 (96.8) 33 (3.2) 538 (95.7) 24 (4.3)

Religion Muslim or other 337 (94.0) 24 (6.0) 0.035 267 (93.0) 20 (7.0) 0.199

Buddhist 5,008 (96.2) 200 (3.8) 3,087 (94.8) 169 (5.2)

Employment status Retired 1314 (94.1) 83 (5.9) <0.001 821 (93.5) 57 (6.5) 0.002

Unemployed 324 (95.3) 16 (4.7) 214 (90.7) 22 (9.3)

Not in labor force 1,089 (96.3) 42 (3.7) 679 (95.0) 36 (5.0)

Employed 2,554 (97.0) 78 (3.0) 1,598 (95.9) 69 (4.1)

Income quartile Low 1,336 (95.2) 67 (4.8) 0.174 813 (94.8) 45 (5.2) 0.254

Lower middle 1,320 (95.7) 59 (4.3) 834 (94.1) 52 (5.9)

Upper middle 1,367 (96.3) 52 (3.7) 869 (93.9) 56 (6.1)

High 1,369 (96.7) 46 (3.3) 840 (95.9) 36 (4.1)

Alcohol use Never 4,350 (96.0) 180 (4.0) 0.069 2,699 (94.2) 167 (5.8) 0.010

Past 368 (94.1) 23 (5.9) 237 (95.2) 12 (4.8)

Current 674 (97.0) 21 (3.0) 420 (97.7) 10 (2.3)

Smoking tobacco Never 4,310 (96.1) 173 (3.9) 0.013 2,678 (94.4) 160 (5.6) 0.266

Past 398 (93.4) 28 (6.6) 262 (96.0) 11 (4.0)

Current 684 (96.7) 23 (3.3) 416 (95.9) 18 (4.1)

Physical activity None 3,251 (96.3) 125 (3.7) 0.180 1,953 (94.1) 123 (5.9) 0.137

1–149 minutes/week 1,297 (95.2) 66 (4.8) 849 (95.2) 43 (4.8)

≥150 minutes/week 844 (96.2) 33 (3.8) 554 (96.0) 23 (4.0)

Body mass index Normal 1,845 (96.5) 67 (3.5) 0.028 1l151 (95.8) 51 (4.2) 0.011

Under 542 (97.0) 17 (3.0) 325 (93.9) 21 (6.1)

Overweight 968 (96.1) 39 (3.9) 603 (95.4) 29 (4.6)

Obesity I 1l164 (94.9) 63 (5.1) 714 (92.8) 55 (7.2)

Obesity II 330 (94.0) 21 (6.0) 200 (91.7) 18 (8.3)

Probable depression No 4,367 (96.4) 161 (3.6) 0.018 ,2727 (95.0) 144 (5.0) 0.029

Yes 605 (94.5) 35 (5.5) 362 (92.3) 30 (7.7)

Mental health Good (80–100) 3,705 (96.5) 135 (3.5) 0.004 2,367 (95.6) 108 (4.4) <0.001

Poor (<80) 1,562 (94.8) 85 (5.2) 917 (92.4) 75 (7.6)

Sleep problem Rarely/sometimes 4,470 (96.5) 164 (3.5) <0.001 2,809 (95.2) 141 (4.8) 0.007

Often/Mostly 859 (93.8) 57 (6.2) 516 (92.5) 42 (7.5)

Hypertension No 3,565 (97.3) 100 (2.7) <0.001 2,210 (95.5) 105 (4.5) 0.004

Yes 1,827 (93.6) 124 (6.4) 1,146 (93.2) 84 (6.8)

Diabetes No 4,591 (96.3) 176 (3.7) 0.007 2,866 (94.9) 153 (5.1) 0.094

Yes 801 (94.3) 48 (5.7) 490 (93.2) 36 (6.8)

(Continued)
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TABLE 1 (Continued)

Variables Subcategory Cross-sectional
arthritis or
rheumatism

p-value Incident arthritis or
rheumatism

p-value

No Yes No Yes

Cardiovascular disease No 5,136 (96.2) 203 (3.8) 0.002 3,192 (94.9) 172 (5.1) 0.013

Yes 256 (92.4) 21 (7.6) 164 (90.6) 17 (9.4)

Kidney diseases No 5,301 (96.2) 210 (3.8) <0.001 33,00 (94.8) 182 (5.2) 0.039

Yes 91 (86.7) 14 (13.3) 56 (88.9) 7 (11.1)

Brain diseases/ psychiatric

problems

No 5,340 (96.2) 211 (3.8) <0.001 3,325 (94.7) 185 (5.3) 0.107

Yes 52 (80.0) 13 (20.0) 31 (88.6) 4 (11.4)

Lung diseases No 5,347 (96.0) 220 (4.0) 0.134 3,325 (94.7) 186 (5.3) 0.362

Yes 45 (91.8) 4 (8.2) 31 (91.2) 3 (8.8)

Prescription drug No 4,484 (96.5) 162 (3.5) <0.001 2,785 (95.5) 144 (4.9) 0.016

Yes 908 (93.6) 62 (6.4) 571 (92.7) 45 (7.3)

Functional disability No 5,110 (96.2) 203 (3.8) 0.058 3,212 (95.0) 169 (5.0) <0.001

Yes 188 (93.5) 13 (6.5) 516 (92.5) 13 (11.9)

sleep problems (27) and depression (23, 28). The CES-D10 had a

reliability coefficient of 0.78.

Mental health status was assessed with the question: “In general,

how would you rate your mental health status?” Responses ranged

from 0 = very poor to 100 excellent, and poor mental health was

defined as 0 to <80 and good mental health as 80–100.

Sleep problem was defined as almost always or often (vs.

sometimes or very rarely or never) having trouble falling

asleep/insomnia in the past week.

Data analysis

The proportion of older adults with cross-sectional and incident

SRA are presented with frequencies and percent. Pearson Chi-

square tests are used to compare characteristics among groups.

The first logistic regression model estimated odds ratios (OR)

and confidence intervals (CI) for cross-sectional SRA, and the

second model compared baseline without SRA with incident SRA.

Variables significant in univariable analysis were included in the

multivariable models. p≤ 0.05 was considered statistically significant.

All statistical analyzes were performed with StataSE 15.0 (College

Station, TX, USA).

Results

Sample characteristics

The cross-sectional (baseline) sample in 2015 included 5,616

participants (≥45 years, median age 66 years, interquartile range

57 to 76 years) and the incident (follow-up) sample in 2017

included 3,545 participants. The prevalence of SRA in the cross-

sectional sample (baseline) was 4.0% and in the incident (follow-

up) sample 5.3%. The binary analysis in the cross-sectional sample

found that age, religion, employment status, smoking status, body

mass index, probable depression, mental health, sleep problem,

hypertension, diabetes, cardiovascular disease, kidney disease, brain

disease or psychiatric problems, and prescription drug use differed

significantly between people with SRA and without SRA. Binary

analysis in the incident sample found that age, employment status,

alcohol use, body mass index, probable depression, mental health

status, sleep problem, hypertension, cardiovascular disease, kidney

disease, prescription drug use and functional disability differed

significantly between people with SRA and without SRA (see

Table 1).

Cross-sectional associations with SRA

In the multivariable model, brain disease and/or psychiatric

problems (aOR: 4.79, 95%CI: 2.27 to 10.62), hypertension (aOR: 1.90,

95% CI: 1.35 to 2.66), obesity class II (aOR: 1.82, 95% CI: 1.02 to

3.25), obesity class I (aOR: 1.78, 95% CI: 1.19 to 2.67), prescription

drug use (aOR: 1.63, 95% CI: 1.14 to 2.33), and sleep problem (aOR:

1.45, 95% CI: 1.01 to 2.07) were positively associated, and not in the

labor force (aOR: 0.53, 95% CI: 0.34 to 0.84), and employed (aOR:

0.63, 95% CI: 0.41 to 0.99) were negatively associated with SRA (see

Table 2).

Associations with incident SRA

In the multivariable model, functional disability (aOR: 2.04, 95%

CI: 1.01 to 4.13), obesity class II (aOR: 2.01, 95% CI: 1.12 to 3.61),

obesity class I (aOR: 1.78, 95% CI: 1.17 to 3.61), and poor mental

health (aOR: 1.69, 95% CI: 1.19 to 2.41), were positively associated,

and current alcohol use (aOR: 0.50, 95% CI: 0.25 to 0.99) was

negatively associated with SRA (see Table 3).
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TABLE 2 Cross-sectional associations with arthritis, Health, Aging, and Retirement in Thailand (HART).

Variables Subcategory COR (95% CI) AOR (95% CI)

Age (in years) Scale 1 (Reference) <0.001 1 (Reference) 0.090

1.02 (1.01 to 1.03) 1.01 (1.00 to 1.03)

Sex Female 1 (Reference) 0.573 —

Male 0.93 (0.71 to 1.21)

Education ≤Elementary 1 (Reference) 0.176 —

>Elementary 0.77 (0.53 to 1.12)

Religion Muslim or other 1 (Reference) 0.036 1 (Reference) 0.082

Buddhist 0.63 (0.41 to 0.97) 0.63 (0.37 to 1.06)

Employment status Retired 1 (Reference) 0.379 1 (Reference) 0.685

Unemployed 0.78 (0.45 to 1.35) 0.010 0.85 (0.46 to 1.60) 0.007

Not in labor force 0.61 (0.41 to 0.89) <0.001 0.53 (0.34 to 0.84) 0.044

Employed 0.48 (0.35 to 0.66) 0.63 (0.41 to 0.99)

Income quartile Low 1 (Reference) 0.509 1 (Reference) 0.597

Lower middle 0.89 (0.62 to 1.28) 0.143 0.89 (0.59 to 1.36) 0.575

Upper middle 0.76 (0.52 to 1.10) 0.040 0.87 (0.55 to 1.40) 0.720

High 0.67 (0.46 to 0.98) 0.91 (0.54 to 1.54)

Alcohol use Never 1 (Reference) 0.070 —

Past 1.51 (0.97 to 2.36) 0.226

Current 0.75 (0.48 to 1.19)

Smoking tobacco Never 1 (Reference) 0.008 1 (Reference) 0.071

Past 1.75 (1.16 to 2.65) 0.433 1.57 (0.96 to 2.55) 0.713

Current 0.84 (0.54 to 1.30) 1.10 (0.66 to 1.86)

Physical activity None 1 (Reference) 0.072 —

1–149 min/week 1.32 (0.98 to 1.80) 0.933

≥150 min/week 1.02 (0.69 to 1.50)

Body mass index Normal 1 (Reference) 0.864 1 (Reference) 0.713

Under 0.86 (0.50 to 1.48) 0.613 0.92 (0.51 to 1.65) 0.183

Overweight 1.11 (0.74 to 1.66) 0.026 1.32 (0.84 to 2.05) 0.003

Obesity I 1.49 (1.05 to 2.12) 0.029 1.78 (1.19 to 2.67) 0.041

Obesity II 1.75 (1.06 to 2.90) 1.82 (1.02 to 3.25)

Probable depression No 1 (Reference) 0.019 1 (Reference) 0.117

Yes 1.57 (1.08 to 2.28) 1.42 (0.92 to 2.20)

Mental health Good (80-100) 1 (Reference) 0.005 1 (Reference) 0.069

Poor (<80) 1.49 (1.13 to 1.97) 1.39 (0.98 to 1.90)

Sleep problem Rarely/sometimes 1 (Reference) 2.47 1 (Reference) 0.044

Often/Mostly 1.81 (1.33 to 2.47) 1.45 (1.01 to 2.07)

Hypertension No 1 (Reference) <0.001 1 (Reference) <0.001

Yes 2.40 (1.85 to 3.17) 1.90 (1.35 to 2.66)

Diabetes No 1 (Reference) 0.008 1 (Reference) 0.397

Yes 1.56 (1.13 to 2.17) 0.84 (0.56 to 1.26)

Cardiovascular disease No 1 (Reference) 0.002 1 (Reference) 0.265

Yes 2.08 (1.30 to 3.31) 1.37 (0.79 to 2.39)

(Continued)
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TABLE 2 (Continued)

Variables Subcategory COR (95% CI) AOR (95% CI)

Kidney diseases No 1 (Reference) <0.001 1 (Reference) 0.148

Yes 3.88 (2.18 to 6.93) 1.78 (0.81 to 3.90)

Brain diseases and psychiatric problems No 1 (Reference) <0.001 1 (Reference) <0.001

Yes 6.33 (3.39 to 11.80) 4.79 (2.17 to 10.62)

Lung diseases No 1 (Reference) 0.143 —

Yes 2.16 (0.77 to 6.06)

Prescription drug No 1 (Reference) <0.001 1 (Reference) 0.008

Yes 1.89 (1.40 to 2.55) 1.63 (1.14 to 2.33)

Functional disability No 1 (Reference) 0.061 —

Yes 1.74 (0.98 to 3.11)

COR, Crude Odds Ratio; AOR, Adjusted Odds Ratio; CI, Confidence Interval.

Discussion

The study found that the cross-sectional prevalence of SRA

(4.0%) was lower than in previous studies among middle-aged and

older adults in India (14.7%) (6), in six lower resourced countries

(19.9% among women and 14.1% among men) (4), in China (31.4%)

(7), in South Africa (24.7%) (5), and in Mexico (18). The lower

prevalence of SRA in Thailand may be attributed to a lower rate

of some risk factors, such as obesity, compared to other middle-

income countries (7). Some other explanation for these country

differences could be differences in the measurement of SRA, however,

in all the studies cited here in India (6), China (7), Mexico (18),

South Africa (5), and the six-country study (4) used exactly the

same SRA, as in this study. However, the relatively low rate of

SRA in Thailand appears to be confirmed in a community study in

rural Thailand (≥15 years) with a prevalence of 11.3% osteoarthritis

(based on radiographic and serological examinations) (39), and

the global observation age-standardized incidence rates were the

lowest in Southeast Asia (6.2), and the highest in high-income

North America (22.5), South Asia (20.7), and Western Europe

(20.4) (40).

We found that among women and those of older age, the

prevalence of SRA was higher than among men and younger

participants; however, this was not significant, unlike some

previous research (7–11, 23). Some research studies found an

association between lower education (10, 12) and SRA, but we

did not find a significant association. The employment and

higher economic status were in the unadjusted analysis protective

against SRA, while in a study among older adults in Ghana

the higher wealth status was associated with arthritis (9). In

unadjusted analysis, being a Muslim or other increased the

odds of SRA, which is contrary to a finding from a study

in Thailand that found that the prevalence of radiographic

knee osteoarthritis was significantly higher in Buddhists than in

Muslims (41). The authors (41) attribute these differences to

religious practices (“Muslims pray since childhood by forcing the

knees into deep flexion, stretching the soft tissue surrounding

the knee and decrease stiffness and contact pressure of the

articular cartilage”).

In line with previous findings (5, 8, 14, 18, 24, 25), this study

found a cross-sectional and incident association between obesity

and SRA. Obesity may ’exhibit a chronic subclinical inflammatory

state’ increasing the risk of rheumatoid arthritis (42). Some studies

found an association between physical inactivity and arthritis (12,

14, 15, 23, 43), while this study did not find this association.

The non-significant association between physical inactivity and

SRA in this study may be related to how physical activity

was measured, it only included exercise and no other physical

activity. In analyzing incident SRA, we found that current alcohol

use was protective against arthritis, which is consistent with a

review (17). The protective effect of alcohol use against arthritis

may be explained “via attenuation of the innate inflammatory

response” (17).

Furthermore, the study found associations between poor

mental health (neurological or psychiatric problems, sleep

symptoms, poor mental health and in unadjusted analysis

probable depression) and SRA, which is consistent with previous

results (5, 10, 18–21, 26–28). The association between sleep

problems and arthritis may be related to pain at night (19).

Prothero et al. (19) showed that “psychological interventions

resulted in small to moderate improvement in biopsychosocial

outcomes for patients with rheumatoid arthritis in addition to

those achieved by standard care.” Furthermore, the relationship

between poor mental health, such as depression, and SRA may also

be bidirectional (44).

Consistent with some previous research (7, 10, 11, 19, 22), this

study found a positive association between functional disability,

hypertension, and in unadjusted analysis diabetes, cardiovascular

disease, kidney disease and arthritis. It is possible that in these

various physical conditions there is an underlying connection

through pain and associated inflammatory dysfunction (10). Some

determinants, such as sleep problems, or hypertension (7, 10), may

also be consequences. For example, in this study, hypertension

and sleep problems were positively associated with SRA in cross-

sectional analysis but not in incident analysis. Furthermore, we

found that the prevalence of SRA was higher among those who

used prescription drugs, which is consistent with a study in the

USA (43).
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TABLE 3 Longitudinal associations with incident arthritis, HART 2015–2017.

Variables Subcategory COR (95% CI) AOR (95% CI)

Age (in years) Scale 1 (Reference) 0.653 1 (Reference) 0.573

1.12 (0.68 to 1.87) 0.036 1.01 (0.99 to 1.02)

1.60 (1.04 to 2.72) 0.015

1.80 (1.12 to 2.88)

Sex Female 1 (Reference) 0.219 —

Male 0.83 (0.62 to 1.12)

Education ≤Elementary 1 (Reference) 0.219 —

>Elementary 0.76 (0.49 to 1.18)

Religion Muslim or other 1 (Reference) 0.206 —

Buddhist 0.73 (0.45 to 1.19)

Employment status Retired 1 (Reference) 0.134 1 (Reference) 0.106

Unemployed 1.48 (0.89 to 2.48) 0.221 1.62 (0.98 to 1.02) 0.252

Not in labor force 0.77 (0.50 to 1.18) 0.010 0.75 (0.47 to 1.22) 0.342

Employed 0.62 (0.43 to 0.89) 0.80 (0.51 to 1.27)

Income quartile Low 1 (Reference) 0.566 —

Lower middle 1.13 (0.75 to 1.70) 0.457

Upper middle 1.17 (0.78 to 1.75) 0.266

High 0.78 (0.50 to 1.21)

Alcohol use Never 1 (Reference) 0.514 1 (Reference) 0.896

Past 0.82 (0.45 to 1.49) 0.004 0.96 (0.50 to 1.83) 0.049

Current 0.39 (0.20 to 0.74) 0.50 (0.25 to 0.99)

Smoking tobacco Never 1 (Reference) 0.268 —

Past 0.70 (0.38 to 1.31) 0.205

Current 0.72 (0.44 to 1.19)

Physical activity None 1 (Reference) 0.232 —

1–149 min/week ≥150

min/week

0.81 (0.56 to 1.15)

0.66 (0.42 to 1.04)

0.073

Body mass index Normal 1 (Reference) 0.156 1 (Reference) 0.584

Under 1.46 (0.87 to 2.46) 0.728 1.17 (0.66 to 2.08) 0.946

Overweight 1.09 (0.68 to 1.73) 0.006 1.02 (0.62 to 1.68) 0.007

Obesity I 1.74 (1.18 to 2.58) 0.013 1.78 (1.17 to 3.61) 0.020

Obesity II 2.03 (1.16 to 3.51) 2.01(1.12 to 3.61)

Probable depression No 1 (Reference) 0.032 1 (Reference) 0.726

Yes 1.57 (1.04 to 2.35) 1.09 (0.67 to 1.78)

Mental health Good (80-100) 1 (Reference) <0.001 1 (Reference) 0.004

Poor (<80) 1.79 (1.32 to 2.43) 1.69 (1.19 to 2.41)

Sleep problem Rarely/sometimes 1 (Reference) 0.008 1 (Reference) 0.245

Often/Mostly 1.62 (1.14 to 2.32) 1.29 (0.84 to 2.00)

Hypertension No 1 (Reference) 0.004 1 (Reference) 0.097

Yes 1.54 (1.15 to 2.07) 1.34 (0.95 to 1.88)

Diabetes No 1 (Reference) 0.098 —

Yes 1.37 (0.94 to 2.00)

(Continued)
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TABLE 3 (Continued)

Variables Subcategory COR (95% CI) AOR (95% CI)

Cardiovascular disease No 1 (Reference) 0.014 1 (Reference) 0.722

Yes 1.92 (1.14 to 3.25) 1.12 (0.59 to 2.13)

Kidney diseases No 1 (Reference) 0.045 1 (Reference) 0.129

Yes 2.27 (1.02 to 5.05) 1.92 (0.83 to 4.47)

Brain diseases and psychiatric problems No 1 (Reference) 0.117 —

Yes 2.32 (0.81 to 6.64)

Lung diseases No 1 (Reference) 0.368 —

Yes 1.73 (0.52 to 5.71)

Prescription drug No 1 (Reference) 0.017 1 (Reference) 0.144

Yes 1.53 (1.08 to 2.16) 1.33 (0.91 to 1.95)

Functional disability No 1 (Reference) 0.002 1 (Reference) 0.047

Yes 2.55 (1.40 to 4.64) 2.04 (1.01 to 4.13)

COR, Crude Odds Ratio; AOR, Adjusted Odds Ratio; CI, Confidence Interval.

Study limitations include self-report evaluation, including

diagnosed arthritis or rheumatism by a health care provider.

The self-reported outcome may be limited due to common-

method variance bias, recall or social desirability bias. Since

only SRA was assessed, we cannot distinguish between different

types of arthritis. The high attrition rate is a limitation for

the longitudinal data. The study cannot establish causality

due to confounding and reverse causality. Some variables

that may affect arthritis, such as diet, were not included in

this study but hopefully in the future. Future research should

include multiple waves of HART to establish trajectories

of SRA.

Conclusion

One in twenty middle-aged and older Thai adults had

SRA. Factors associated with cross-sectional and/or incident

SRA included obesity, mental problems, sleep problems,

prescription drug use, and functional disability. This

information may be taken into account in the prevention and

management of arthritis in Thailand and provide hints for

future research.
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Informal caregivers in Germany –
who are they and which risks and
resources do they have?

Judith Fuchs*, Beate Gaertner*, Alexander Rommel and

Anne Starker

Department of Epidemiology and Health Monitoring, Robert Koch Institute, Berlin, Germany

Background: The aim of this study is to describe the social characteristics, the health

and living situation and the prevalence of behavioral risk factors of adult informal

caregivers compared to non-caregivers in Germany.

Methods: We used data from the German Health Update (GEDA 2019/2020-EHIS

survey) which is a cross-sectional population-based health interview survey

conducted between 04/2019 and 09/2020. The sample comprised 22,646 adults

living in private households. Three mutually exclusive groups of providing informal

care or assistance were di�erentiated: intense caregivers (informal care ≥10 h/week),

less-intense caregivers (informal care <10 h/week) and non-caregivers. For the three

groups weighted prevalences of social characteristics, health status (self-perceived

health, health-related activity limitations, chronic diseases, low back disorder or

other chronic back defect, depressive symptoms), behavioral risk factors (at-risk

drinking, current smoking, insu�cient physical activity, non-daily fruit and vegetable

consumption, obesity) and social risk factors (single household, low social support)

were calculated and stratified by gender. Separate regression analyses adjusted for

age-group were conducted to identify significant di�erences between intense and

less-intense caregivers vs. non-caregivers, respectively.

Results: Overall, 6.5% were intense caregivers, 15.2% less-intense caregivers and

78.3% non-caregivers. Women provided care more often (23.9%) than men (19.3%).

Informal care wasmost frequently provided in the age group of 45 to 64 years. Intense

caregivers reported worse health status, were more often current smokers, physical

inactive, obese and lived less often alone than non-caregivers. However, in age-group

adjusted regression analyses only few significant di�erences were seen: Female and

male intense caregivers had more often a low back disorder and lived less often alone

compared to non-caregivers. In addition, male intense care-givers reported more

often worse self-perceived health, health-related activity limitation, and the presence

of chronic diseases. In contrast, less-intense caregivers and non-caregivers di�ered

in favor of the less-intense caregivers.

Discussion: A substantial proportion of the adult German population provides

informal care regularly, especially women. Intense caregivers are a vulnerable group

for negative health outcomes, especially men. In particular measures to prevent low

back disorder should be provided. As the necessity of providing informal care will

probably increase in the future, this will be important for the society and public health.

KEYWORDS

informal care, population-based study, HealthMonitoring, Germany, health status, behavioral

risk factors, social risk factors
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1. Introduction

The progression of the demographic change and the increase in

life expectancy are leading to a steady increase in the share of older

people with physical and cognitive impairments frequently in need of

long-term care.

A large part of this long-term care is provided by informal

caregivers, usually family members. Since the introduction of the

statutory long-term care insurance in Germany in 1995, the provision

of informal care services can be supported by cash benefits or in-kind

benefits if theMedical Service of the Health Insurance Funds certified

a need of care. Currently, around 4.1 million people in Germany

claim benefits from long-term care insurance every month. Most of

the recipients receive outpatient care (about 3.3 million), 2.1 million

are cared for at home by informal caregivers (mostly relatives), and

around 818,000 people receive inpatient care.

In Germany, the criteria for needing long-term care and

entitlement to long-term care benefits from the long-term care

insurance are regulated by law. If an entitlement exists, people in

need of care can decide how and by whom they will be cared for,

with various forms or facilities available (outpatient care, nursing

home, alternative forms of living). The choice depends on the severity

of the need for care, but also on the circumstances of the care

dependent people and their families. For care at home, long-term

care insurance provides financial support if those affected choose

to be cared for by relatives, friends or volunteers instead of an

outpatient care service (1). People who are not entitled to benefits

from long-term care insurance but are dependent on help and care

must organize this through informal caregivers and/or through self-

financed professional services. Informal care thus includes both the

provision of care services supported by long-term care insurance and

care and/or support in everyday life without the involvement of long-

term care insurance. The long-term care situationmight have positive

or negative impact on the health situation of caregivers. Other studies

found that caregivers are exposed to greater strains in their daily lives,

which may affect physical and mental health and can be associated

with increased stress and social isolation (2–5).

The aim of this study is to describe the social characteristics,

the health and living situation and the prevalence of behavioral

risk factors of adult informal caregivers compared to non-caregivers

in Germany.

2. Materials and methods

2.1. Study design and sampling

The Robert Koch Institute regularly carries out surveys

to monitor the health of the population in Germany. We

used data from the GEDA 2019/2020-EHIS survey, which is a

cross-sectional population-based health interview survey that was

conducted between April 2019 and September 2020 using computer-

assisted, fully-structured telephone interviews. The study population

comprised people aged 15 or above living in private households,

whose usual residence at the time of data collection was Germany.

This includes both one- and multi-person households that operate

independently and provide for their own needs. As such, collective

households such as hospitals, care and residential homes, prisons,

military barracks, religious institutions, boarding houses or hostels

are not included in the survey. The survey used a telephone sample,

which was provided by the Arbeitskreis Deutscher Markt- und

Sozialforschungsinstitute e. V. (ADM). It is based on the so-called

dual-frame method, in which two selection populations are used:

one consisting of mobile phone numbers, and another consisting of

landline phone numbers. This sampling method provides (almost)

complete coverage of the population in Germany. A method

developed by Leslie Kish for the random selection of respondents

in multi-person households (the Kish Selection Grid,) was used

to randomly select prospective respondents. Here, all potential

interview partners are given the same selection probability and

one person is randomly selected by the computer. This person is

identified on the basis of the recorded age and gender. A total of

23,001 individuals with complete interviews participated in GEDA

2019/2020-EHIS (12,101 women, 10,838 men, 62 reported another

gender identity or did not provide information). The response rate

according to the standards of the American Association for Public

Opinion Research was 21.6% (6). A detailed description of the

methodology as well as of the classification of the response rate of

GEDA 2019/2020-EHIS is available elsewhere (7). For our analyses we

used data from all respondents with a female or male gender identity

aged 18 years an older (n= 22,646).

2.2. Data protection and ethics

GEDA 2019/2020-EHIS is subject to strict compliance with the

data protection provisions set out in the EU General Data Protection

Regulation (GDPR) and the Federal Data Protection Act (BDSG).

The Ethics Committee of the Charité – Universitätsmedizin Berlin

assessed the ethics of the study and approved the implementation

of the study (application number EA2/070/19). Participation in the

study was voluntary. The participants were informed about the aims

and contents of the study and about data protection. Informed

consent was obtained verbally.

2.3. Measures

Internationally established instruments of the European

Health Interview Survey (EHIS) were used to assess self-reported

information on the provision of informal care or assistance, health

status, behavioral risk factors, social support and sociodemographic

characteristics (8).

2.3.1. Provision of informal care
Respondents were asked, if they provide care or assistance to

one or more persons suffering from some age problem, chronic

health condition or infirmity, at least once a week. If they provided

care, one further question assessed, for how many hours per week

these respondents usually provide care or assistance (<10 h per

week; at least 10 but <20 h per week; 20 h per week or more).

We differentiated between providing no informal care (i.e., non-

caregivers), informal care <10 h/week (less-intense caregivers) and

informal care at least 10 h/week (intense caregivers).
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2.3.2. Health status
The three questions of the Minimum European Health Module

(MEHM) (9) include the self-perceived health by a single question

‘How is your health in general?’ (very good, good, fair, bad, very

bad), the presence of chronic diseases or a long-standing health

problem lasting for 6 months or more (yes, no), and the health-

related activity limitations. The latter was assessed using the Global

Activity Limitation Indicator (GALI) via the question ‘Are you

limited because of a health problem in activities people usually

do?’ (severely limited, limited, but not severely, not limited at all).

Participants with limitations were additionally asked ’Have you been

limited for at least the past 6 months?’ (yes, no). Participants who had

been limited for more than 6 months were defined as having longer-

term health limitations. All other participants were considered to

have no long-term limitations. The prevalence of a low back disorder

or other chronic back defect in the past 12 months were assessed by a

single question (yes, no).Depressive symptoms within the last 2 weeks

were defined according to the German version of the 8-item Patient

Health Questionnaire (PHQ-8; cut-off ≥10/24) (10).

2.3.3. Behavioral risk factors
Individuals with alcohol consumption within the past 12 months

were asked by a quantity-frequency measure separately for the

amount of standard drinks consumed on weekdays (Mondays

to Thursdays) and during weekends (Fridays to Sundays). The

responses were used to calculate grams of pure alcohol consumed

per day. At-risk drinking according to national guidelines (11,

12) was considered when >10/20 g pure alcohol per day was

reported by women/men. Lower amounts were considered as low-

risk alcohol consumption (including abstainers past 12 months or

lifetime). Smoking status was assessed by a single question “Do

you smoke tobacco products, including heated tobacco products?”

Current smoking was defined for answers “yes, daily” or “yes,

occasionally”. All other answer options (i.e., no, not any more, I

have never smoked) were defined as current non-smoking. Work-

related, transport-related and leisure-time physical activity in a

typical week was assessed by the German version of the European

Health Interview Survey – Physical Activity Questionnaire (EHIS-

PAQ) (13). Respondents were asked about the duration of the

physical activity they undertake during a typical week, in the form of

both moderate-intensity aerobic physical activity conducted during

leisure time and cycling used for transportation, as well as the number

of days a week during which they undertake muscle-strengthening

activities. Insufficient physical activity was defined as not meeting

the recommendations of the World Health Organization on 2.5

hours of aerobic activity a week, as well as muscle-strengthening

activities twice a week. Information on non-daily fruit and vegetable

consumption was combined from two frequency questions regarding

fruit and vegetable/salad consumption. A non-daily fruit and

vegetables consumption was considered for those reporting a non-

daily consumption of fruits or vegetables. Obesity (yes, no) was

defined as a body mass index of ≥30 kg/m² based on self-report of

body weight and height according to the classification of the World

Health Organization (14).

2.3.4. Social characteristics
Social support was assessed using the OSLO-3 Scale (15)

and categorized as low, moderate and high. Household size was

dichotomized as living in a single household (yes, no). Participants

were asked to indicate which gender they felt they belonged to

(female, male, other gender identity) (16). Due to the small number

of cases, participants who indicated a different gender identity

or no gender identity were not included in the analyses. Age

in years was categorized into two different groupings: (a) 18–44,

45–64 and >65 years and (b) 18–29, 30–44, 45–64, 65–79 and

>80 years. Educational levels were assigned to low, medium, and

high education groups according to the Comparative Analyses of

Social Mobility in Industrial Nations (CASMIN) classification using

school and vocational educational attainment (17, 18). Municipality

size was categorized as rural (population < 5,000), small town

(population 5,000 to <20,000), medium town (population 20,000 to

<100,000), and city (population 100,000 and more) (reference date:

31 December 2018). Current employment status was differentiated

into full-time and part-time employment, retirement and other (e.g.,

unemployed, being a student/pupil, fulfilling domestic asks, military

or civilian service).

2.4. Data analysis

Weighted prevalences are presented overall or separately for

women and men stratified by the provision of informal care

or assistance with 95% confidence intervals (95% CI). Separate

multinomial regression analyses were applied to determine group

differences for caregivers and non-caregivers on health status,

behavioral risk factors and social risk factors. In detail, intense

and less-intense caregivers were compared with non-caregivers

as the reference group. Regression analyses were calculated and

adjusted for age group. Odds ratios are presented and significant

p-values indicated.

The analyses were performed applying a weighting factor

in order to correct for deviations of the sample from the

population structure. As part of the data weighting, a design

weighting was first performed for the different selection

probabilities (mobile and landline network). Subsequently, an

adjustment was made to the official population figures related

to age, sex, federal state and type of district (reference date: 31

December 2019). In addition, the sample was adjusted to the

education distribution in the 2017 Microcensus according to

the International Standard Classification of Education (ISCED

classification) (19).

All analyses were conducted using Stata 17.0 (Stata Corp., College

Station, TX, USA, 2017). In order to take the weighting appropriately

into account when calculating confidence intervals and p-values, all

analyses were calculated using the survey procedures of Stata 17.0. A

difference between groups was assumed to be statistically significant

if the corresponding p < 0.05.

3. Results

3.1. Sample characteristics

In total, 51.1% were female, 38.8% were 18–44 years old, 52.4%

had a medium education level, 33.8% lived in a city, 40.2% worked

full-time (Table 1).
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TABLE 1 Sample characteristics (total sample: n = 22,646).

N (%
unweighted)

%
weighted

95% CI

Gender

Female 11,959 (52.8) 51.1 50.1–52.1

Male 10,687 (47.2) 48.9 47.9–49.9

Age groups in years

18–44 5,847 (25.8) 38.8 37.8–39.9

45–64 8,963 (39.6) 35.1 34.2–36.0

> 65 7,836 (34.6) 26.0 25.2–26.9

Education level

Low 4,261 (18.8) 29.5 28.6–30.5

Medium 9,947 (43.9) 52.4 51.4–53.4

High 8,378 (37.0) 18.0 17.5–18.6

Missing 60 (0.3)

Municipality size

Rural 1,766 (7.8) 10.7 10.0–11.3

Small town 5,031 (22.2) 25.3 24.4–26.2

Medium town 5,805 (25.6) 30.2 29.3–31.2

City 8,503 (37.5) 33.8 32.9–34.7

Missing 1,541 (6.8)

Current employment status

Full–time employment 8,601 (38.0) 40.2 39.2–41.2

Part–time employment 3,564 (15.7) 15.6 14.9–16.3

Retirement 7,967 (35.2) 27.5 26.7–28.4

Othera 2,467 (10.9) 16.7 15.9–17.5

Missing 47 (0.2)

Informal Care

Intense caregivers (≥10

h/week)

1,573 (6.9) 6.5 77.5–79.1

Less-intense caregivers

(<10 h/week)

3,843 (17.0) 15.2 14.5–15.9

Non-caregivers 17,183 (75.9) 78.3 6.0–7.0

Missing 47 (0.2)

aUnemployed, being a student/pupil, fulfilling domestic tasks, military or civilian service;

95% CI= 95% confidence interval; Percentages may not total 100 due to rounding.

3.2. Provision of informal care

Overall, 21.7% (n = 5,416) of the participants provided informal

care or support for one or more persons suffering from age-related

complaints, chronic illnesses or frailty at least once a week (Table 1).

A total of 6.5% provided informal care at least 10 h per week (intense

caregivers); 15.2% <10 h per week (less-intense caregivers).

Women provided informal care more often (23.9%) than men

(19.3%) (Table 2). Informal caregiving is most frequently provided in

the age group of 45 to 64 years, among both women and men: 32.7%

of women and 24.6% of men of that age stated that they supported or

cared for others (Figure 1).

3.3. Health status and the provision of
informal care

The analyses reveal that female intense caregivers were

significantly more likely to have a low back disorder or other

chronic back defects than female non-caregivers (43.0 vs.

32.4%). There were no significant differences between these

two groups and all other variables concerning health status

(Table 3).

Male intense caregivers reported also significantly more

often a low back disorder or other chronic back defect (41.8

vs. 28.7%) compared to male non-caregivers. In addition,

they indicated more often fair/bad/very bad self-perceived

health (44.0 vs. 28.0%), health-related activity limitations

(47.7 vs. 30.0%), and the presence of chronic diseases

(58.8 vs. 45.5%) than male non-caregivers. No significant

differences were found concerning depressive symptoms

(Table 3).

Female and male less-intense caregivers showed significantly

less often a fair/bad/very bad self-perceived health compared to

female and male non-caregivers (females: 28.6 vs. 31.4%; males:

25.3 vs. 28.0%). Among women, it was also found that less-

intense caregivers had significantly fewer health-related activity

limitations than non-caregivers (33.0 vs. 35.6%). No significant

differences were found for the other variables concerning health

status (Table 3).

3.4. Behavioral risk factors and the provision
of informal care

There were no significant differences between female and male

intense caregivers compared to female and male non-caregivers

concerning behavioral risk factors (Table 4).

Less-intense caregivers showed a more favorable health

behavior than non-caregivers. They were significantly less

often physically inactive (females: 72.1 vs. 77.2%; males: 64.5

vs. 71.3%) and their fruit and vegetable consumption was

significantly less likely to be non-daily (females: 52.0 vs. 55.9%;

males: 73.1 vs. 76.6%). There were no significant differences

concerning at-risk drinking, current smoking, and obesity

(Table 4).

3.5. Social risk factors and the provision of
informal care

Both female and male caregivers (regardless of the extent of

care provided) lived significantly less often alone compared to

non-caregivers (females: intense caregivers 23.6%, less-intense

caregivers 32.5%, non-caregivers 40.7%; males: intense caregivers

33.3%, less-intense caregivers 37.8% non-caregivers 43.2%)

(Table 5).

Low social support was significantly less common among

female and male less-intense caregivers compared to non-caregivers

(females: 10.2 vs. 15.3%, males: 11.8 vs. 16.7%). No significant

differences were found between intense caregivers and non-

caregivers concerning social support (Table 5).
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TABLE 2 Social characteristics by provision of informal care (weighted analyses).

Intense caregivers Less–intense caregivers Non–caregivers

% 95% CI % 95% CI % 95% CI

Female Total 7.7 7.1–8.5 16.2 15.3–17.2 76 74.9–77.1

Age groups in years

18–44 25.5 20.9–30.7 30.6 27.4–34.0 39.4 37.8–41.1

45–64 49 44.3–53.8 46 42.9–49.1 30.5 29.1–31.9

> 65 25.5 21.8–29.5 23.4 21.1–25.9 30.1 28.7–31.5

Education level

Low 34.2 29.5–39.2 20.8 18.2–23.8 29.4 27.8–31.0

Medium 55.9 51.0–60.6 63.7 60.7–66.6 53.9 52.3–55.5

High 10 8.4–11.7 15.4 13.9–17.1 16.7 15.9–17.6

Municipality size

Rural 14.3 11.1–18.2 11.5 9.6–13.9 9.9 8.9–10.9

Small town 28.4 24.0–33.2 25.8 23.1–28.7 25 23.6–26.5

Medium town 29.1 24.9–33.6 33.2 30.1–36.4 30.3 28.8–31.9

City 28.3 24.1–32.9 29.5 26.7–32.5 34.8 33.3–36.3

Current employment status

Full–time job 23.4 19.7–27.7 31.6 28.7–34.7 27.1 25.7–28.6

Part–time job 28.8 24.6–33.4 29.6 26.8–32.5 23.1 21.9–24.4

Retirement 26.9 23.1–31.1 23.9 21.6–26.5 31.5 30.1–33.0

Othera 20.8 17.0–25.3 14.9 12.5–17.6 18.2 16.9–19.6

Male Total 5.2 4.6–5.9 14.1 13.1–15.1 80.7 79.6–81.8

Age groups in years

18–44 22.9 17.8–28.8 33.2 29.4–37.2 43.3 41.7–45.0

45–64 43.8 37.6–50.1 46.7 42.9–50.5 33.5 32.0–35.1

> 65 33.4 27.8–39.5 20.2 17.6–23.0 23.1 21.9–24.4

Education level

Low 41.1 34.7–47.7 29.6 25.9–33.6 30.2 28.6–31.9

Medium 45.6 39.4–52.0 51 47.2–54.8 49 47.3–50.6

High 13.3 10.9–16.1 19.4 17.5–21.6 20.8 19.9–21.8

Municipality size

Rural 7.5 4.9–11.3 12 9.6–14.9 10.9 9.8–12.0

Small town 36.8 30.4–43.7 24.9 21.7–28.3 24.5 23.1–26.0

Medium town 27.8 22.5–33.8 31 27.4–34.8 29.6 28.1–31.2

City 27.9 22.6–33.9 32.2 28.7–35.9 34.9 33.4–36.5

Current employment status

Full–time employment 40.4 34.4–46.8 56.6 52.9–60.4 53.8 52.2–55.4

Part–time employment 6.3 3.9–10.0 7.9 5.9–10.5 5.9 5.2–6.7

Retirement 38.6 32.6–44.9 23 20.3–25.9 24.4 23.1–25.7

Othera 14.7 10.6–20.1 12.5 9.8–15.7 15.9 14.6–17.3

aUnemployed, being a student/pupil, fulfilling domestic tasks, military or civilian service; 95% CI= 95% confidence interval; Percentages may not total 100 due to rounding.

4. Discussion

About one fifth of the respondents provide informal care, mainly

at least 10 h per week. Women provide informal care more often than

men. Caregivers most often belong to the age group 45 to 64 years.

Intense caregivers more often suffer from back pain than those who

provide less or no care. Men who provide intense care are more likely

to report fair/bad/very bad self-perceived health status, health related
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FIGURE 1

Percentage of informal care-giving activities by gender and age group in years (weighted analyses). Percentages may not total 100 due to rounding.

limitations in daily living and chronic diseases than non-caregivers.

Female and male less-intense caregivers were less often physically

inactive and non-daily fruits and vegetables consumption was less

likely compared to non-caregivers. The majority of caregivers do not

live alone. Low social support is not as common among less-intense

caregivers as among non-caregivers.

It must be considered that there is no international consensus on

how the indicator of informal long-term care should be implemented

in survey studies. A comparison of the studies EHIS, The Survey

of Health, Aging and Retirement in Europe (SHARE) and the

European Quality of Life Survey (EQLS) shows a very inconsistent

picture. Based on different question wordings there are remarkable

differences in the level of informal long-term care provision in the

population and the differences between countries hardly follow a

clear pattern (20). The EHIS definition used here is very broad and

includes not only long-term care activities in the narrower sense but

also other, not further defined support services in daily life. In the

present analyses, it was assumed that frequent provision of support

(≥10 h per week) suggests a regular activity with daily or almost daily

caregiving and therefore comes closer to the construct of informal

care. Nevertheless, it must be stated that a clear definition of informal

long-term care is still missing especially on the European level (21).

The present study allows to describe the group of informal caregivers

in more detail with regard to the extent of care provided and their

social characteristics, health status, and possible risk and protective

factors, and to compare them with the group of non-caregivers.

There are only a few cross-sectional studies on the social

characteristics, health and living situation and the prevalence of

behavioral risk factors of adult informal caregivers in Germany. The

proportion of informal caregivers that was identified in these studies

(22, 23) is similar to the present results. Consistent with our findings,

the existing studies also show that women provide informal caremore

often than men and that the proportion of caregiving increases with

age (22–24). This finding is also confirmed by international study

results (25).

A current systematic review suggests that informal caregiving

may be associated with adverse health related outcomes like several

mental and physical disorders, including pain (26). This is line with

our results for men: With the exception of depressive symptoms,

intense caregivers are more likely to report worse health outcomes

than non-caregivers. For women, we found significant differences in

health status only for back pain, which is consistent with the research

findings (27). The fact that we did not find more adverse health

outcomes for caregiving women compared to non-caregivers should

be further investigated. Apparently, female caregivers and female

non-caregivers differ less in different health status characteristics

than male caregivers and male non-caregivers do. Focusing future

research on differences within gender groups could provide new

insights into this. In summary, it should be emphasized that the main

burden of care work is to be found in middle age and that possible

health-promoting and relieving measures should not least focus on

this group. Furthermore, noticeable gender differences should be

considered and investigated further. In the present study, the negative

effects of care work on the health of caring men are striking. Thus,

future research should also clarify the extent to which gender-related

approaches to health promotion and prevention could be promising

for informal carers.

Regarding behavioral risk factors, our results show hardly any

differences between intensive caregivers respectively less-intense

caregivers, and non-caregivers. The exceptions are insufficient

physical activity and non-daily fruit and vegetable consumption

where differences are found between less intensive caregivers and

non-caregivers in favor of the less-intense caregivers. That caregiving

is associated with health-promoting behaviors is supported by

previous findings (28). However, in contrast to our results, these

findings indicate increased risk behaviors among caregivers, e.g.
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TABLE 3 Health status of caregivers and non–caregivers by gender (weighted analyses).

Intense caregivers Less-intense caregivers Non-caregivers Intense care
vs. no care

(Ref.)

Less intense
care vs. no
care (Ref.)

% 95% CI % 95% CI % 95% CI ORa ORa

Female Self–perceived health

Very

good/good

63.1 58.2–67.6 71.4 68.3–74.2 68.6 67.1–70.1 Ref. Ref.

Fair/bad/very

bad

36.9 32.4–41.8 28.6 25.8–31.7 31.4 29.9–32.9 1.19 0.84∗

Health-related activity limitations

No 59.6 54.8–64.1 67 64.0–70.0 64.4 62.8–65.9 Ref. Ref.

Yes 40.4 35.9–45.2 33 30.0–36.0 35.6 34.1–37.2 1.12 0.84∗

Chronic disease

No 42.9 38.2–47.7 47.4 44.2–50.6 48.6 47.1–50.2 Ref. Ref.

Yes 57.1 52.3–61.8 52.6 49.4–55.8 51.4 49.8–52.9 1.14 0.99

Low back disorder or other chronic back defect

No 57 52.1–61.7 63.4 60.2–66.4 67.6 66.1–69.0 Ref. Ref.

Yes 43 38.3–47.9 36.6 33.6–39.8 32.4 31.0–33.9 1.47∗∗ 1.16

Depressive symptoms

No 89.2 85.6–92.0 91.3 88.8–93.3 91.4 90.3–92.3 Ref. Ref.

Yes 10.8 8.0–14.4 8.7 6.7–11.2 8.6 7.7–9.7 1.25 0.98

Male Self–perceived health

Very

good/good

56 49.5–62.3 74.7 71.2–77.9 72 70.4–73.5 Ref. Ref.

Fair/bad/very

bad

44 37.7–50.5 25.3 22.1–28.8 28 26.5–29.6 1.61∗∗ 0.79∗

Health-related activity limitations

No 52.3 45.9–58.6 69.1 65.5–72.6 70 68.4–71.5 Ref. Ref.

Yes 47.7 41.4–54.1 30.9 27.4–34.5 30 28.5–31.6 1.71∗∗∗ 0.94

Chronic disease

No 41.2 35.2–47.6 53.5 49.7–57.2 54.5 52.8–56.1 Ref. Ref.

Yes 58.8 52.4–64.8 46.5 42.8–50.3 45.5 43.9–47.2 1.39∗ 0.96

Low back disorder or other chronic back defect

No 58.2 51.9–64.4 66.9 63.2–70.4 71.3 69.8–72.8 Ref. Ref.

Yes 41.8 35.6–48.1 33.1 29.6–36.8 28.7 27.2–30.2 1.57∗∗ 1.16

Depressive symptoms

No 91.6 86.7–94.9 91.8 88.8–94.1 92.6 91.5–93.6 Ref. Ref.

Yes 8.4 5.1–13.3 8.2 5.9–11.2 7.4 6.4–8.5 1.15 1.06

aSeparate multinomial logistic regression analyses adjusted for age group; 95% CI= 95% confidence interval; Ref., reference group; OR, odds ratios; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

related to obesity and smoking. Our findings that non-daily

consumption of fruits and vegetables and insufficient physical activity

are less common among less-intensive caregivers compared with

intensive caregivers or non-caregivers are also confirmed by others

(29). A recent systematic review (30) aimed at better understanding of

physical activity of caregivers. The authors conclude that the current

body of research is insufficient to assess whether informal caregivers

are at higher risk for physical inactivity than non-caregivers. They

recommend further research with validatedmeasures for the different

domains of physical activity (leisure time, daily physical activity,

caregiving duties). And it should be noted that we only consider

healthy diet on the basis of one indicator, which does not adequately

reflect the complexity of nutrition.

Overall, with the exception of back pain the results do not

suggest consistent major negative effects of caregiving on health

status for women and men. Similarly, intense caregivers did not

report having worse health-related lifestyles than non-caregivers.

Less-intense caregivers report even better health than non-caregivers.

One explanation to understanding these associations is that healthier

people are more likely to take on caregiving tasks, while those with
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TABLE 4 Health behavioral risk factors of caregivers and non–caregivers by gender (weighted analyses).

Intense caregivers Less-intense caregivers Non-caregivers Intense care vs. no
care (Ref.)

Less intense care
vs. no care (Ref.)

% 95% CI % 95% CI % 95% CI ORa ORa

Female At-risk drinking

No 89.6 86.3–92.2 89 87.2–90.6 88.8 87.8–89.7 Ref. Ref.

Yes 10.4 7.8–13.7 11 9.4–12.8 11.2 10.3–12.2 0.89 0.95

Current smoking

No 72.2 67.4–76.5 75 71.9–78.0 76.5 75.1–78.0 Ref. Ref.

Yes 27.8 23.5–32.6 25 22.0–28.1 23.5 22.0–24.9 1.23 1.03

Insufficient physical activity

No 19.4 16.1–23.2 27.9 25.1–30.8 22.8 21.5–24.1 Ref. Ref.

Yes 80.6 76.8–83.9 72.1 69.2–74.9 77.2 75.9–78.5 1.22 0.77∗∗

Non-daily fruit and vegetable consumption

No 48.1 43.4–52.9 48 44.9–51.2 44.1 42.5–45.7 Ref. Ref.

Yes 51.9 47.1–56.6 52 48.8–55.1 55.9 54.3–57.5 0.84 0.84∗

Obesity

No 76.3 71.8–80.3 81.5 78.9–83.9 81.4 80.0–82.6 Ref. Ref.

Yes 23.7 19.7–28.2 18.5 16.1–21.1 18.6 17.4–20.0 1.24 0.93

Male At-risk drinking

No 86.8 81.8–90.5 83.9 80.9–86.5 83.7 82.4–84.9 Ref. Ref.

Yes 13.2 9.5–18.2 16.1 13.5–19.1 16.3 15.1–17.6 0.74 0.96

Current smoking

No 64.8 58.3–70.8 65.9 61.9–69.6 66.2 64.6–67.9 Ref. Ref.

Yes 35.2 29.2–41.7 34.1 30.4–38.1 33.8 32.1–35.4 1.28 1.02

Insufficient physical activity

No 23.3 18.7–28.5 35.5 31.9–39.4 28.7 27.2–30.1 Ref. Ref.

Yes 76.7 71.5–81.3 64.5 60.6–68.1 71.3 69.9–72.8 1.1 0.65∗∗∗

Non-daily fruit and vegetable consumption

No 26.6 21.5–32.4 26.8 23.7–30.2 23.4 22.1–24.7 Ref. Ref.

Yes 73.4 67.6–78.5 73.2 69.8–76.3 76.6 75.3–77.9 0.86 0.82∗

Obesity

No 75.8 69.8–81.0 79.2 75.8–82.3 81.5 80.2–82.8 Ref. Ref.

Yes 24.2 19.0–30.2 20.8 17.7–24.2 18.5 17.2–19.8 1.29 1.08

aSeparate multinomial logistic regression analyses adjusted for age group; 95% CI= 95% confidence interval; Ref., reference group; OR, odds ratios; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

poorer health are less likely to do so (healthy caregiver effect) (31, 32).

Further, received social support could also help avoid a burden (33).

Otherwise, it cannot be excluded that the definition of informal care

that was implemented in EHIS may not be sufficiently specific to

clearly distinguish caregivers with a high care burden from those

caregivers that frequently spend time with their relatives while being

supported in care activities by professional services and thus have a

much lower care burden. This could weaken the association between

informal caregiving and health. Finally, caregivers who experience

high levels of burden are probably less likely to participate in a

health survey due to time constrains as an analysis of reasons for

non-participation among individuals 65 years and older suggest (34).

We therefore assume that the proportion of caregivers with health

problems could be underestimated.

In addition, due to the demographic change and population

aging we are expecting higher numbers of people in need of

care (35). Researches from the European Joint Research Center

estimate that the number of people aged 50 years and older with

long-term care needs will increase by approximately 24% by 2050

and 36% by 2070 (36). The major part of care will continue to

be provided by informal caregivers. A structured review showed

that despite the important role of informal care, few studies

have included this aspect of care into their demand models (37).

Therefore, their health status and burden should be regularly
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TABLE 5 Social risk factors of caregivers and non–caregivers by gender (weighted analyses).

Intense caregivers Less-intense caregivers Non-caregivers Intense care
vs. no care

(Ref.)

Less intense
care vs. no care

(Ref.)

% 95% CI % 95% CI % 95% CI ORa ORa

Female Single household

No 76.4 71.6–80.6 67.5 64.3–70.6 59.3 57.7–60.9 Ref. Ref.

Yes 23.6 19.4–28.4 32.5 29.4–35.7 40.7 39.1–42.3 0.42∗∗∗ 0.72∗∗∗

Social support

Moderate/high 88.1 84.6–90.8 89.8 87.2–92.0 84.7 83.3–85.9 Ref. Ref.

Low 11.9 9.2–15.4 10.2 8.0–12.8 15.3 14.1–16.7 0.75 0.63∗∗

Male Single household

No 66.7 59.7–73.1 62.2 58.1–66.2 56.8 55.1–58.5 Ref. Ref.

Yes 33.3 26.9–40.3 37.8 33.8–41.9 43.2 41.5–44.9 0.80∗ 0.65∗∗

Social support

Medium/high 79.2 71.9–85.0 88.2 84.9–90.8 83.3 81.8.−84.6 Ref. Ref.

Low 20.8 15.0–28.1 11.8 9.2–15.1 16.7 15.4–18.2 1.23 0.65∗∗

aSeparate multinomial logistic regression analyses adjusted for age group; 95% CI= 95% confidence interval; Ref., reference group; OR, odds ratios; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

monitored in order to develop prevention strategies to avoid negative

health effects.

4.1. Strengths and limitations

The results refer to a large nation-wide population-based sample

of 22,646 respondents aged 18 years and older. Possible factors

associated with selection bias have been considered by weighting

according to age, sex and education (7). Nevertheless, the following

limitations have to be considered. The first wave of the 2020

COVID-19 pandemic was coincident within the survey period of

this study. It cannot be completely ruled out that a change in

willingness to participate during the pandemic has had an impact

on certain health indicators. The present analyses were done under

the assumption that the sample does not show systematic bias

due to the containment measures. Moreover, initial analyses do

not show a systematic selection between the subsamples of the

comparison periods 2019 and 2020. We therefore suggest that the

data collection during the pandemic did not represent an exceptional

period with significant impact on the level of care-relevant

indicators (38).

However, it must be considered that GEDA 2019/2020-EHIS

was not primarily aimed at informal carers. For example, we lack

detailed information on whom and why somebody is cared for

and also former caregiving activities. Therefore, we cannot give

more insight in (a) the reported gender differences of intense

caregivers regarding their relationship with the person cared for;

i.e., support of partners vs. non-partners or (b) the care needs and

strains of care. Furthermore, healthy people may be more likely to

provide informal care and that they may stop doing so when their

health deteriorates.

Another related limitation of the study is that we cannot

distinguish between respondents with friends or family

members in need of care who actively provide care and those

who don’t but delegate this to third parties like professional

care services. The willingness to provide informal care can

vary due to many factors such as degree of kinship, career

orientation, time constraints, distance between one’s own

residence and that of the person to be cared for. This alone

may entail a selection between informal caregivers and non-

caregivers, which should be taken more into account in

future studies.

4.2. Conclusion

Our study results show that in Germany a significant proportion

of people provide informal care. Even though the present study did

not show any serious health effects on those providing informal

care, it can be assumed that they experience burden, especially

when care is provided over a longer period of time. Preventive

measures are important and should be supported in any way in

order to maintain physical and mental health of informal care-givers.

With the expected increase in the number of people needing care,

protecting those who provide care is an important part of meeting

future challenges.
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depressive symptoms in Chinese
elderly: Evidence from the
CHARLS
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Yunqi Chang2

1School of Public Health, Shanxi Medical University, Taiyuan, China, 2Department of Public Health and

Preventive Medicine, Changzhi Medical College, Changzhi, China

Background: Depressive symptoms are a serious public health problem that

a�ects the mental health of older adults. However, current knowledge of the

association between ADL disability and physical dysfunction and depressive

symptoms in Chinese adults is insu�cient. We intend to analyze the association

between physical function, ADL, and depressive symptoms in older Chinese adults.

Methods: The data obtained from the China Health and Retirement Longitudinal

Survey (2015 and 2018) (CHARLS). This includes 3,431 in 2015 and 3,258 in

2018 over the age of 60. Comparing 2015 and 2018 data, multivariate logistic

regression models were used to explore the relationship between physical

function, ADL, and depressive symptoms in urban and rural older adults, adjusting

for sociodemographic factors associated with depression in older adults.

Results: The prevalence of depressive symptoms among older adults in China

was 33.8 percent in 2015 and 50.6 percent in 2018. In baseline data from 2015

and 2018, residence, gender, marital status, drinking, physical function, ADL, and

self-rated health were all found to be significantly associated with depressive

symptoms in older adults. The di�erences in physical function, ADL and depressive

symptoms among older adults in 2015 and 2018 were further analyzed based on

urban and rural stratification. Both physical dysfunction and ADL disability were

significantly associated with depressive symptoms in rural older adults in 2015

and 2018. And in urban areas, ADL was found to be significantly associated with

depressive symptoms in urban older adults. Multivariate logistic regression analysis

demonstrated that ADL disability was significantly associated with depressive

symptoms among older adults in both urban and rural areas. Physical dysfunction

was only significant in rural areas with depressive symptoms. The alpha level was

instead set to 0.05 for all statistical tests.

Conclusion: Rural, female, 60–70 years of age, primary school or below, married,

non-smoking, non-drinking, physical dysfunction, ADL disability and self-rated

poor health make-up a higher proportion of depressed older adults. ADL disability

and physical dysfunction were more likely to be associated with depressive

symptoms in rural Chinese older adults. Therefore, the physical and mental health

of rural elderly should be of concern. The rural older adults should receive

additional support from the government and society.

KEYWORDS

ADL disability, physical dysfunction, depressive symptoms, urban and rural elderly,

CHARLS
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1. Introduction

As the number of older adults continues to increase, increasing

attention was paid to the health problems of older adults (1).

Depressive symptoms are common in older adults (1). There is

evidence that depressive symptoms could be difficult to treat later

in life (2). Besides, it might lead to reduced physical activities,

lower the quality of life, and generate self-grief and even suicide

(3). Studies showed that prevalence of depressive symptoms in

Asian elderly was 7.8–46% (4). The overall prevalence of depressive

symptoms was higher in Brazilian older adults (30.2%) than

Chilean older adults (26.3%) (5). Furthermore, studies on older

adults in China revealed that the prevalence differed between 13

and 41% (6). The disease burden of depressive symptoms in China

had been on the rise and would continue to increase in the coming

decades (7).

Researchers identified some as risk factors of depressive

symptoms including female gender, somatic illness, cognitive

impairment, functional disability, and history of depressive

symptoms (8). Studies showed that reduced physical function in

older adults was the main risk factor for developing depressive

symptoms (9). A longitudinal community-based study reported

that physical function independently predicts depressive morbidity

in late-life (10). A study showed physical symptoms and poorer

physical function reported increased depressive symptoms (11). At

the same time, a decline in physical function leads to a loss of

independence and consequent depressive symptoms. These studies

demonstrated that those with the lowest levels of physical function

carry the largest risk of onset of both depressive symptoms and

anxiety over time (12). There was evidence that ADL disability

may be a risk factor for depressive symptoms in previous studies

(13, 14). ADL disability was associated with depressive symptoms

and expanded psychological burden in older adults (15). An article

on the level of depressive symptoms among elderly Turkish people,

the findings indicated that ADL anticipated depressive symptoms

among older adults (16). A study in South Korea reported

that restriction of ADL, which means restriction of physical

function, was also associated with early depressive symptoms.

Lack of physical function leads to diminished social relations

and depressive symptoms (17). In addition, economic, political,

cultural, and other factors affect depressive symptoms differently.

Depressive symptoms a financial burden on older adults and

families. Studies demonstrated the medical expenses on depressive

symptoms were 1.86 times that of non-depressed patients (18).

Currently, there was limited knowledge about the relationship

between ADL disability and physical dysfunction and depressive

symptoms in the Chinese older adults. In a prospective study of

2,713 Chinese older adults who completed interviews with the

Chicago Chinese Aged Population Study, a significant relationship

was discovered between depressive symptoms and the occurrence

of functional disability (19). ADL disability was found to be a high-

risk group for depressive symptoms in older adults in a study on

changes in depressive symptoms levels in older Chinese (20). In

a community-based study in Beijing, it was indicated that older

adults with disabilities were more likely to experience depressive

symptoms (21). Similarly, community-based research has linked

ADL disability with increased risk of depressive symptoms in

middle-aged and older Chinese adults (22). Data from one study

showed that physical dysfunction in older silicosis patients was

significantly associated with the prevalence of depressive symptoms

(23). In addition, an analysis of factors influencing mental health in

older Chinese adults showed that physical function and ADL were

strongly associated with depressive symptoms in older adults (24).

In previous studies, depressive symptoms in older adults have

mainly been studied in terms of ADL disability in a particular

region or community. Our study was based on the China

Health and Retirement Longitudinal Study (CHARLS), which was

collected from respondents across the country. The sample of

over-60 s used for the study was broader and more representative.

Correspondingly, based on the above data, we mainly explore

the relationship between physical function, ADL, and depressive

symptoms. The purposes were the following: (1) To compare

depressive symptoms prevalence in 2015 and 2018; (2) To study

the influencing factors of depressive symptoms in older adults; (3)

To evaluate the association between physical function, ADL, and

depressive symptoms among urban and rural older Chinese adults.

2. Research methods

2.1. Data

The China Health and Retirement Longitudinal Study

(CHARLS) is a large-scale interdisciplinary survey project hosted

by the National Development Institute of Peking University

and carried out by the China Social Science Survey Center of

Peking University. It is high-quality microdata representing the

households and individuals of middle-aged and older Chinese

adults over the age of 45. CHARLS conducted surveys and

interviews in 150 counties and 450 communities (villages) of 28

provinces (autonomous regions and municipalities) in 2011, 2013,

2015, and 2018, respectively. The CHARLS National Baseline

Survey was launched in 2011 and followed for two years, with

23,000 respondents in 12,400 households. Data from 2015 and

2018 are used in this study. Seniors aged 60 and over were selected

for the study. A total of 3,431 subjects were screened in 2015 and

3258 in 2018.

Ethical approval for data collection in CHARLS is obtained

from the Biomedical Ethics Review Committee of Peking

University. Peking University Public Data Management Agency

agreed to our use of the data.

2.2. Depression

The Center for Epidemiological Studies Depression Scale

(CES-D-10) was used to measure depressive symptoms in the

CHARLS questionnaire. CES-D-10 was highly reliable and effective

in successfully measuring depressive symptoms in middle-aged

and older adults (25). Previous studies demonstrated that a score

of 10 on the CES-D had reasonable levels of sensitivity (0.85)

and specificity (0.80) in Chinese adults (26). The simplified scale

consists of 10 questions with options as “rarely or none of the time

(<1 day), some or few times (1–2 days), occasionally or a moderate
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number of times (3–4 days), most of the time (5–7 days), the

assignment value range was 0–3 points, total score was calculated.

A higher score indicates greater symptoms of depression. A score of

10 and below was “no depressive symptoms” and assigned a value

of 0; the score above 10 was “depressive symptoms” and assigned a

value of 1 (24).

2.3. State of health

In CHARLS, self-rated health (SRH) was obtained by asking

participants, “How do you feel about your health status?” SRH was

transformed into two categories of variables, respectively, self-rated

good health and self-rated poor health.

2.4. Physical function

The CHARLS questionnaire sets some physical function related

questions, including: running or jogging 1 km, wandering 1 km,

walking 100 meters, sitting in a chair for a long time and then

standing up, ascending several floors continuously, bending over,

bending knees or squat, stretch arms up along your shoulders,

walk 100 meters to run or jog 1 km, pick up a tiny coin from the

table, each answer for questions was divided into four responses as

follows: (1) No difficulty; (2) Difficulty but still can be completed;

(3) Difficulty and need help; (4) Unable to complete. If a subject

reported difficulty with any of the 9 items, they were defined as

having a physical dysfunction (24).

2.5. ADL

In CHARLS, the ADL scale was used to determine the disability

of older adults. The ADL scale had good reliability and validity

and was generally used in China and abroad (27). The ADL scale

consists of 12 items: dressing, bathing, eating, getting into or out

of bed, using the bathroom, controlling urination and defecation,

doing household chores, cooking, shopping, making phone calls,

taking medication, managing money. Each answer for questions

was divided into 4 reactions as follows: (1) No, I do not have any

difficulty; (2) I have difficulty but still can do it; (3) Yes, I have

difficulty and need help; (4) I cannot do it (15). If a subject report

having difficulty with any of the 12 items, then they were defined as

having an ADL disability (24).

2.6. General demographic information

Covariates included gender, age, education level, marital status,

address, smoking, drinking, physical exercise, and social activity.

Gender included both males and females. Age was divided into

60–70, 71–80, 80 and above. Education levels were divided into

primary school or below, middle school, high school or secondary

school, and college or above.Marital status was classified asmarried

or unmarried. Smoking, drinking, physical exercise, and social

activity were divided into two groups: yes and no.

2.7. Statistical method

Excel 2019 was used to store and filter the data. IBM SPSS

(version 22.0) was used for statistical analysis. Descriptive statistics

were assigned to describe the demographic information of the

participants. Continuous variables were presented as means and

standard deviations. The categorical variables were presented as

frequencies and percentages. The chi-squared test was used to

compare categorical variables. Logistic regression was used when

multiple variables were considered simultaneously. Multivariate

logistic regression models were performed to compute the

relationship between physical function, ADL, and depressive

symptoms based on urban and rural stratification. Multivariate

logistic regression analysis adjusted for sociodemographic

confounding factors associated with depression in older adults.

The statistical significance level was set at 0.05. Results were

presented as odds ratios (ORs) and 95% confidence intervals (CIs).

3. Results

3.1. Study population

In 2015 and 2018, 3,431 and 3,258 older adults were included,

respectively. The mean age of older adults was 66 [Standard

Deviation (SD)= 7.041], and 63.1% of the participants were female,

27.7% resident in urban areas in 2015. The mean age of older adults

was 68 [Standard Deviation (SD) = 6.563] years, and 68.4% of the

participants were female, 31.2% resident in urban areas in 2018. The

baseline characteristics were presented in Table 1.

3.2. Depressive symptoms in older adults

In 2015, 33.8% of older adults had depressive symptoms, which

increased to 50.6% in 2018. In 2015, the proportion of older people

with depressive symptoms in urban and rural areas was 27.5 and

36.2%, respectively, and will increase to 44.2 and 53.6% in 2018.

Those who were unmarried, residence in rural, younger, lower

education level, physical dysfunction, ADL disability, self-rated

poor health was more likely to suffer from depressive symptoms

in 2015 and in 2018 (Table 1).

3.3. Depressive symptoms in urban and
rural

The prevalence of depressive symptoms in older adults was

assessed in 2015 and 2018 respectively, and stratified by urban and

rural areas at baseline. Based on 2015 data, physical dysfunction

and ADL disability were all substantially related to depressive

symptoms in rural older adults (Table 2). Based on data in 2018,

physical dysfunction and ADL disability were all significantly

related to depressive symptoms in urban and rural older adults

(Table 3).

In 2015, the older adults with depressive symptoms had higher

ADL disability (51.5%) than those without depressive symptoms

(40.9%) in urban areas (Table 2). In 2018, the proportion of ADL
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TABLE 1 Demographic characteristics and depressive symptoms in elderly [N (%)].

Variables 2015 (n = 3,431) 2018 (n = 3,258)

Total No
depressive
symptoms
(n = 2,271)

Depressive
symptoms
(n = 1,160)

P Total No
depressive
symptom
(n = 1,608)

Depressive
symptoms
(n = 1,650)

P

Residence

Urban 945 (27.7) 685 (30.2) 260 (22.4) <0.001 1,016 (31.2) 567 (35.3) 449 (27.2) <0.001

Rural 2,486 (72.5) 1,586 (69.8) 900 (77.6) 2,242 (68.8) 1,041 (64.7) 1,201 (72.8)

Gender

Female 2,166 (63.1) 1,308 (57.6) 858 (74.0) <0.001 2,230 (68.4) 929 (59.6) 1,271 (77.0) <0.001

Male 1,265 (36.9) 963 (42.4) 302 (26.0) 1,028 (31.6) 649 (40.4) 379 (23.0)

Age (year)

60–70 2,249 (65.5) 1,450 (63.8) 799 (68.9) 0.001 1,817 (55.8) 884 (55.0) 933 (56.5) 0.440

71–80 923 (26.9) 624 (27.5) 299 (25.8) 1,162 (35.7) 577 (35.9) 585 (35.5)

>80 259 (7.5) 197 (8.7) 62 (5.3) 279 (8.6) 147 (9.1) 132 (8.0)

Education level

Primary school or below 3,077 (89.7) 2,034 (89.6) 1,043 (89.9) 0.315 2,541 (78.0) 1,180 (73.4) 1,361 (82.5) <0.001

Middle school 253 (7.4) 163 (7.2) 90 (7.8) 420 (12.9) 250 (15.5) 170 (10.3)

High school 79 (2.3) 56 (2.5) 23 (2.0) 231 (7.1) 134 (8.3) 97 (5.9)

College or above 22 (0.6) 18 (0.8) 4 (0.3) 66 (2.0) 44 (2.7) 22 (1.3)

Marital status

Unmarried 795 (23.2) 491 (21.6) 304 (26.2) <0.001 776 (23.8) 332 (20.6) 444 (26.9) <0.001

Married 2,636 (76.8) 1,780 (78.4) 856 (73.8) 2,482 (76.2) 1,276 (79.4) 1,206 (73.1)

Smoking

No 2,485 (72.4) 1,554 (68.4) 931 (80.3) <0.001 2,949 (90.5) 1,450 (90.2) 1,499 (90.8) 0.511

Yes 946 (27.6) 717 (31.6) 229 (19.7) 309 (9.5) 158 (9.8) 151 (9.2)

Drinking

No 2,468 (71.9) 1,578 (69.5) 890 (76.7) <0.001 2,522 (77.4) 1,203 (74.8) 1,319 (79.9) <0.001

Yes 963 (28.1) 693 (30.5) 270 (23.3) 736 (22.6) 405 (25.2) 331 (20.1)

Physical exercise

No 360 (10.5) 226 (10.0) 134 (11.6) 0.148 272 (8.3) 112 (7.0) 160 (9.7) 0.005

Yes 3,071 (89.5) 2,045 (90.0) 1,026 (88.4) 2,986 (91.7) 1,496 (93.0) 1,490 (90.3)

Social activity

No 1,841 (53.7) 1,204 (53.0) 637 (54.9) 0.292 1,646 (50.5) 815 (50.7) 831 (50.4) 0.855

Yes 1,590 (46.3) 1,067 (47.0) 523 (45.1) 1,612 (49.5) 793 (49.3) 819 (49.6)

Physical function

Normal 526 (15.0) 381 (16.8) 135 (11.6) <0.001 1,016 (31.2) 646 (40.2) 370 (22.4) <0.001

Dysfunction 2,915 (85.0) 1,890 (83.2) 1,025 (88.4) 2,242 (68.8) 962 (59.8) 1,280 (77.6)

ADL

Normal 1,563 (45.6) 1,157 (50.9) 406 (35.0) <0.001 1,607 (49.3) 891 (55.4) 716 (43.4) <0.001

Disability 1,868 (54.4) 1,114 (49.1) 754 (65.0) 16,51 (50.7) 717 (44.6) 934 (56.6)

Self-rated health

Poor 1,956 (57.0) 1,172 (51.6) 784 (67.6) <0.001 2,677 (82.2) 1,220 (75.9) 1,457 (88.3) <0.001

Good 1,726 (45.4) 1,099 (48.4) 376 (32.4) 581 (17.8) 388 (24.1) 193 (11.7)
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TABLE 2 Depressive symptoms based on urban and rural stratification of physical function and ADL in 2015 [N (%)].

Variables Urban (n = 945) Rural (n = 2,486)

No depressive
symptoms

Depressive
symptoms

P No depressive
symptoms

Depressive
symptoms

P

Total 685 (72.5) 260 (27.5) 1,586 (63.8) 900 (36.2)

Physical function 0.978 <0.001

Normal 127 (18.5) 48 (18.5) 254 (16.0) 87 (9.7)

Dysfunction 558 (81.5) 212 (81.5) 1,332 (84.0) 813 (90.3)

ADL 0.003 <0.001

Normal 405 (59.1) 126 (48.2) 752 (47.4) 280 (31.1)

Disability 280 (40.9) 134 (51.5) 834 (52.6) 620 (68.9)

TABLE 3 Depressive symptoms based on urban and rural stratification of physical function and ADL in 2018 [N (%)].

Variables Urban (n = 1,016) Rural (n = 2,242)

No depressive
symptoms

Depressive
symptoms

P No depressive
symptoms

Depressive
symptoms

P

Total 567 (55.8) 449 (44.2) 1,041 (46.4) 1,201 (53.6)

Physical function 0.002 <0.001

Normal 226 (39.9) 137 (30.5) 420 (40.3) 233 (19.4)

Dysfunction 341 (60.1) 312 (69.5) 621 (59.7) 968 (80.6)

ADL <0.001 <0.001

Normal 364 (64.2) 219 (48.8) 527 (50.6) 497 (41.4)

Disability 203 (35.8) 230 (51.2) 514 (49.4) 704 (58.6)

disability with depressive symptoms (51.2) was higher than for

older adults without depressive symptoms (35.8%) (Table 3). The

percentage of older adults with physical dysfunction who were

depressed was 69.5% in 2018 compared to 81.5% in 2015.

In rural areas, older adults who had trouble taking care of

themselves were more likely to be depressed. In 2015, 90.3% of

rural older adults with physical dysfunction had elevated depressive

symptoms, and in 2018, 80.6% had elevated depressive symptoms.

The percentage of depressed older adults with ADL disability was

68.9% in 2015 compared to 58.6% in 2018. In both 2015 and 2018,

older adults with ADL disability had higher rates of depressive

symptoms than those without depressive symptoms (Tables 2, 3).

3.4. Association between physical function,
ADL, and depressive symptoms

Table 4 depicts the relationship between physical function and

ADL and depressive symptoms in urban and rural older adults in

2015. Table 5 describes the relationship between physical function

and ADL and depressive symptoms in 2018 urban and rural

populations of older adults. In 2015 and 2018, we found that ADL

disability was significantly associated with depressive symptoms

among older adults in both urban and rural areas.

In urban areas, ADL disability was associated with a higher risk

of depressive symptoms in 2015 (OR = 1.50) and in 2018 (OR

= 1.79). In rural areas, ADL disability (OR = 1.69) and physical

dysfunction (OR = 1.51) were associated with a higher risk of

depressive symptoms in 2015. Similarly, in 2018, ADL disability

(OR= 1.34) and physical dysfunction (OR= 1.61) were significant

(Tables 4, 5).

In summary, both ADL disability and physical dysfunction

weremore likely to be associated with depressive symptoms in rural

older adults.

4. Discussion

Based on data from the China Longitudinal Survey of Health

and Retirement (CHARLS) in 2015 and 2018, we compared

the characteristic differences among populations of depressive

symptoms in older adults. In addition, multivariate logistic

regressionmodels were designed to identify urban-rural differences

in physical function, ADL, and depressive symptoms in the Chinese

adults, and to adjust for confounding factors. Key findings of the

present study were (1) the prevalence of depressive symptoms

among older adults in China was higher in 2015 than in 2018, and

(2) residence, gender, marital status, drinking, physical function,

ADL, and self-rated health were linked to depressive symptoms,

and (3) among rural older adults with ADL disability and physical

dysfunction, the likelihood of depressive symptoms was higher.

In the current report, the prevalence of depressive symptoms

among older adults in China varied from 33.8% in 2015 to 50.6%

in 2018, indicating a high level of depressive symptoms. The results
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TABLE 4 OR with 95% CI of depressive symptoms according to the physical function and ADL stratified by urban and rural in 2015.

Variables Urban Rural

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)a

Physical function Normal Ref Ref

Dysfunction 0.93 (0.64–1.35) 0.95 (0.65–1.39) 1.48 (1.14–1.93)∗∗ 1.51 (1.15–1.98)∗∗

ADL Normal Ref Ref

Disability 1.55 (1.16–2.07)∗∗ 1.50 (1.11–2.03)∗∗ 1.89 (1.59–2.26)∗∗∗ 1.69 (1.40–2.03)∗∗∗

aAdjusted for gender, age, marital status, smoking, drinking, and self-rated health.
∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001.

TABLE 5 OR with 95% CI of depressive symptoms according to the physical function and ADL stratified by urban and rural in 2018.

Variables Urban Rural

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)a

Physical function Normal Ref Ref

Dysfunction 1.52 (1.17–1.98) 1.22 (0.78–1.89) 2.75 (2.28–3.33)∗∗∗ 1.61 (1.20–2.17)∗∗

ADL Normal Ref Ref

Disability 1.89 (1.47–2.44)∗∗∗ 1.79 (1.38–2.32)∗∗∗ 1.38(1.16–1.98)∗∗∗ 1.34 (1.13–1.60)∗∗

aAdjusted for gender, education level, marital status, drinking, physical exercise, and self-rated health.
∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001.

were like previous research, depressive symptoms burden had been

and would be progressively enhancing in China (7, 27). One study

demonstrated that depressive symptoms were over 41% among

older adults in China (28). A study in Bangladesh surveyed 168

healthy retired residents aged 60-80 years and found a 36.9% rate of

depressive symptoms in older adults (29).While in a cross-sectional

study abroad, the rate of depressive symptoms was 66.9% in 229

older adults in Hanoi, Vietnam (30).

Depressive symptoms were higher among rural older adults in

our survey than among urban older adults. With rapid social and

economic development, the gap between urban and rural areas has

become more pronounced. Young and middle-aged workers work

inmunicipalities, while older people and children live in rural areas.

More attention should be paid to the mental health of older adults

(31). A previous study identified that older adults who live alone in

rural areas have a higher risk of depressive symptoms (31). “Empty

nesters” tendency might be to account for the increased prevalence

of depressive symptoms among older adults in rural China (32).

The value of family was very important to the Chinese adults.

Children of older adults in rural areas went out to work and were

separated from their parents, reducing contact with the elderly, and

increasing loneliness (33). At the same time, the responsibility for

caring for infants among older adults in rural areas has expanded.

As a result, older adults in rural China need additional social

assistance. The health of older adults was considerably affected

by the social environment. Urban older adults had higher quality

medical resources and financial assistance than rural older adults

(34). Older adults in urban areas can enjoy social activities and

find spiritual comfort in their spare time. These findings denote

that the government and society should pay more attention to

the psychological problems of older adults in rural areas, allocate

resources more effectively, expand public service provision, and

reduce the gap between urban and rural areas (35).

In addition, the results demonstrated that residence, gender,

marital status, drinking, physical function, ADL, and self-rated

health were linked to depressive symptoms. Females were more

likely to experience depressive symptoms. According to a Chinese

study on the relationship between fat and depressive symptoms,

19.9% of males and 33.2% of females had depressive symptoms.

Females were more likely to be depressed as a result of hormonal

variations (36). According to a longitudinal study of aging in

Ireland, females had a greater fear of tumbling and activity

restrictions. This fear could affect the psychology of older adults.

Our findings agreed with previous studies. In our study, older

adults who were married had lower rates of depressive symptoms.

Previous research on older adults has revealed that marital status

was a strong predictor of depressive symptoms, with unmarried

older adults being more likely to be depressed (6, 37). Single or

split older adults had higher levels of depressive symptoms (37).

Older adults could be psychologically affected by these events.

Alcohol use and self-rated health were shown to be strongly

linked with depressive symptoms in older adults in a poll of

community-dwelling older adults (38). According to the survey

results, self-rated health was highly correlated with depressive

symptoms in older adults, which was consistent with earlier studies.

A prospective study conducted in Spanish uncovered that moderate

alcohol use protects older adults from developing depressive

symptoms (39). Furthermore, Dao A et al. indicated that elderly

people who drank alcohol had 3.4 times fewer depressive symptoms

than no-drinkers (30). The second most important factor in

determining depressive symptoms was self-rated health. Evidence

was mounting that the older adults who self-rate their health as

poor had higher levels of depressive symptoms (6). In the 2015

findings, older adults aged 60-70 and non-smokers weremore likely

to be depressed. While not significant in the 2018 study results. The

two-year sample size varied, as did the study’s findings. Further
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investigation was needed in the future to reveal the relationship

between smoking and age and depressive symptoms.

Ultimately, this study focused on the relationship between

physical function, ADL, and depressive symptoms in older Chinese

adults in urban and rural areas. Physical function declines

with age and numerous daily activities are difficult to perform

independently. Physical decline was a key challenge to self-care

ability of older adults (40). Limitations in daily activities and

physical function cause older adults to lose their independence,

leading to depressive symptoms and grief. These conditions could

lead to psychosocial and financial difficulties. Substantial evidence

suggested that ADL disability were at a higher risk of depressive

symptoms (6), physical dysfunction associated with depressive

symptoms in Chinese adults aged 55 and older (41). Older adults

with elevated levels of functional restriction might have depressive

symptoms (40), ADL disability might promote the development

of depressive symptoms (22). This study demonstrates previous

research by analyzing the association between physical function,

ADL, and depressive symptoms. Depressed older adults were more

likely to have physical dysfunction and ADL disability. Other

studies have identified a strong association between ADL disability

and physical dysfunction and risk of depressive symptoms in rural

older adults. Therefore, the Chinese government and society must

pay attention to the physical health of the elderly, especially those

in rural areas. The government and society should give additional

help to older adults with ADL disability and physical dysfunction.

For individuals, sedentary lifestyle led to a decline in the capacity

to conduct ADL (42). Older adults would require frequent physical

activity to enhance their functional capacity andmental health (43).

Several limitations of the present study should be mentioned.

First, the cross-sectional study was unable to draw causal

inferences. Second, the CES-D-10 might exhibit recall bias and

could only be used to screen for depressive symptoms, not

to diagnose depressive symptoms (22). Third, the older adults

included in this paper were screened from a database containing

23,000 respondents and may differ from the original data. Finally,

self-aggregated data might overestimate the association between

variables and depressive symptoms.

5. Conclusion

In summary, this study provides evidence of an association

between physical function, ADL, and depressive symptoms in

older Chinese adults. It showed that rural, female, 60–70 years

old, primary school or below, married, non-smoking, non-

drinking, physical dysfunction, ADL disability and self-rated poor

health make-up a higher proportion of depressed older adults.

Multivariate logistic regression models suggest that ADL disability

and physical dysfunction were more likely to be associated with

depressive symptoms in rural Chinese older adults. Older adults

should be encouraged to participate inmoderate physical and social

activities to prevent physical dysfunction. The government and

society should pay attention to the mental health of older adults

in rural areas.
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Background: This study aimed at investigating the prevalence and factors of the

discordant attitudes toward advance care planning (ACP) among older patients

and their family members toward patients’ engagement in ACP in the primary

medical and healthcare institution.

Methods: In a cross-sectional study, a total of 117 older patients and 117 family

members from Jinhua Fifth Hospital in China were enrolled. The questionnaire

included sociodemographic characteristics, functional capacity assessment, and

attitudes toward patients’ engagement in ACP. Functional capacity assessment

scales included the Modified Barthel Index (MBI), the Short-Form Mini-Nutritional

Assessment (MNA-SF), the 15-item Geriatric Depression Scale (GDS-15), the Mini-

Mental State Examination (MMSE), the Clinical Frailty Scale (CFS), and the SARC-

F questionnaire.

Results: The discordance attitudes toward patients’ engagement in ACP between

patients and family members accounted for 41(35.0%). In the multivariate logistic

analysis, factors associated with higher odds of discordance attitudes toward

patients’ engagement in ACP included greater age di�erences between patients

and family members (OR = 1.043, 95% CI: 1.007–1.081), lower educational level

for family members (OR = 3.373, 95% CI: 1.239–9.181), the patient’s higher GDS-

15 score (OR = 1.437, 95% CI: 1.185–1.742), and patient’s higher MNA-SF score

(OR = 1.754, 95% CI: 1.316–2.338).

Conclusion: Older patients and their family members had little ACP knowledge,

and factors that influence discordance attitudes toward patients’ engagement

in ACP included the age gaps between patients and family members, family

members’ educational level, patients’ depressive symptoms, and patients’

nutritional status.
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1. Introduction

The acceleration of population aging in China has brought

more challenges to elderly care services, medical and social

resources. And end-of-life care issues such as living wills and place

of death have become a problem that cannot be ignored. In order

to promote death with dignity, it is an urgent task to build a

healthy China under the current aging situation. Therefore, the

Healthy China 2030 Plan and other far-reaching reforms released

by the Chinese Government have pointed out the necessity of

palliative care and hospice care including the implementation of

advance care planning (ACP). ACP refers to a process wherein

individuals with clearly aware decision-making capacity reflect

upon personal life experience and values to make their future

care goals and treatment preferences in advance (1, 2). As an

important concept of ACP, advance directives (ADs) are usually in a

legal formal written document that nominates a substitute decision

proxy and/or determined life-sustaining treatment through a living

will (3). The implementation of ACP is associated with realizing

medical autonomy (3), relieving stress, anxiety, and depression

in family members (4), reducing over-utilization of aggressive

measures during the end of life (5–7), cutting down Medicare costs

(8), and decreasing in-hospital mortality (9, 10).

Research on ACP for older adults in China is still in the

early stage, and only one city on the mainland currently has such

relevant local legal regulations. Of cognitively normal Chinese

older adults from 140 nursing homes in Hong Kong, 88% of

older residents preferred having ADs regarding their futuremedical

treatments (11). A multicenter cross-sectional study from 25

hospitals throughout mainland China included 91.1% of older

patients aged over 60 years, and the results reported that 38.3%

of patients had heard about ACP, and 50.6% were willing to carry

out ACP when being informed about relevant knowledge of ACP

(12). The study clarified attitudes and preferences toward ACP

in a relatively Chinese large sample mostly in tertiary hospitals

but did not involve the elderly population in the primary medical

and health care institution and the influence of functional status

on ACP attitudes. Prior research has compared attitudes toward

ACP between patients and family members, which has focused

on specific diseases such as cancer and heart failure (13, 14).

Different from the other specialized wards with a certain specific

disease, older patients in the geriatric wards in the primary medical

and health care institution, may have advanced age, complex

multimorbidity, multiple functional loss, and a higher proportion

at the final stage of the disease. It may be more common to hide

the true condition of the patients and make medical decisions

on behalf of their family members. Prior studies have suggested

that despite their family members understanding the patient’s

wishes regarding end-of-life care, frequent disagreement between

them about treatment preferences and goals of care often arises

(15). However, medical decisions that are in concordance with

seriously ill patients’ values and goals are regarded as high-quality

care (16, 17). Discordance with the patient’s values, goals, and

medical treatments has been shown to increase medical costs and

prolong end-of-life difficulties (17–19). Additionally, other factors

including health status, family support, physical functioning,

and experiences of family or relatives rescuing may affect their

perceptions of ACP and end-of-life care.

Thus, this study aimed at investigating the attitudes and

preferences of older patients and their family members toward

patients’ engagement in ACP in a primary medical and healthcare

institution. Moreover, this study integrated factors such as the

functional capacity to explore the associated factors on discordance

attitudes toward ACP between patients and their family members.

2. Methods

2.1. Study design and setting

A cross-sectional study was carried out in the Department

of Geriatrics in Jinhua Fifth Hospital between October 2020 and

August 2021. Jinhua Fifth Hospital, the first filed public hospital for

old-age care in Jinhua City, Zhejiang Province, mainly serves the

elderly with disability and multiple comorbidities. The medical and

old-age care integration model in the primary medical and health

care institution refers to integrating medical care, rehabilitation,

nursing, and life care, and is an effective means to improve the

quality of old-age care.

2.2. Participants

One hundred seventeen patients and 117 family members from

Jinhua Fifth Hospital were enrolled by convenience sampling.

Patients’ inclusion criteria: (a) Age ≥ 60 years; (b) Patients with

clear consciousness who have no communication barriers; (c)

Patients who can sign informed consent voluntarily and cooperate

in completing the investigation. Patients’ exclusion criteria: unable

to cooperate to complete the ACP questionnaire because of

consciousness disorder, severe cognitive impairment, and other

critical conditions. Family members’ inclusion criteria: family

members of hospitalized patients who voluntarily participated and

were able to cooperate in completing the study.

This study was approved by the Medical Ethics Committee of

Jinhua Fifth Hospital (number: 2021-04), and written informed

consent was obtained from the patients and their family members

prior to the data collection.

2.3. Measurements

Both patients and family members completed the

questionnaires about sociodemographic and ACP attitudes,

and functional capacity assessment by comprehensive geriatric

assessment (CGA) was only investigated by the patients. Patients

and family members separately expressed their own perspectives

on ACP through face-to-face interviews.

Sociodemographic data including age, sex, marital

status (categorized by married, divorced, widow, or

single), educational level (classified as high school or

below), medical insurance, religion, the relationship

between patients and caregivers, self-reported family

support (coded as poor, fair, and good), self-reported

health status (coded as poor, fair, and good), concurrent

diseases (including coronary artery disease, hypertension,
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TABLE 1 Characteristics of older patients and their family members.

Variables Patients
(n = 117)

Family members

(n = 117)

Z or X2 P-value

Age, median (IQR), scores# 80.0 (69.5, 87.0) 60.0 (52.0, 65.0) −10.032 <0.001

Male, n (%) 66 (56.4) 52 (44.4) 3.351 0.067

Married, n (%) 87 (74.4) 110 (94.0) 16.983 <0.001

High school or above, n (%) 30 (25.6) 70 (59.8) 27.940 <0.001

Self-reported health status, n (%) 86.576 <0.001

Poor/fair 98 (83.8) 27 (23.1)

Good 19 (16.2) 90 (76.9)

Comorbidities, n (%)

Coronary artery disease 30 (25.6) 3 (2.6) 25.718 <0.001

Hypertension 57 (48.7) 7 (6.0) 53.768 <0.001

Diabetes 26 (22.2) 1 (0.9) 26.167 <0.001

Cerebrovascular disease 15 (12.8) 0 (0) 16.027 <0.001

Respiratory disease 26 (22.2) 1 (0.9) 26.167 <0.001

Osteoarticular diseases 18 (15.4) 1 (0.9) 16.555 <0.001

Caregiver relationship, n (%)

Spouses NA 29 (24.8)

Children NA 81 (69.2)

Sibling/relatives NA 7 (6.0)

Self-reported family support, n (%)

Poor/fair 41 (35.0) NA

Good 76 (65.0) NA

MMSE, median (IQR), scores# 19.0 (15.0, 25.0) NA

GDS-15, median (IQR), scores# 7.0 (5.0, 8.0) NA

MBI, median (IQR), scores# 90.0 (75.0, 97.5) NA

MNA-SF, median (IQR), scores# 12.0 (9.0, 12.0) NA

CFS, median (IQR), scores# 5.0 (3.0, 6.0) NA

SARC-F, median (IQR), scores# 3.0 (0, 4.0) NA

IQR, interquartile range; MMSE, the Mini-Mental State Examination; GDS-15, the 15 item Geriatric Depression Scale; MBI, the Modified Barthel Index; MNA-SF, the Short-Form

Mini-Nutritional Assessment; CFS, the Clinical Frailty Scale.
#The Mann-Whitney U tests.

diabetes, cerebrovascular disease, respiratory disease, and

osteoarticular diseases), and prescription medications

were recorded.

The functional capacity assessment was conducted by CGA

based on the Chinese expert consensus recommendation (20).

In this study, the activity of daily living was assessed by

the Modified Barthel Index (MBI), and the higher the MBI

score indicated the better the activity of daily living (21). The

Short-Form Mini-Nutritional Assessment (MNA-SF) was used

to ascertain the degree of malnutrition risk (22). Depressive

symptoms were evaluated using the 15-item Geriatric Depression

Scale (GDS-15), with higher scores indicating more depressive

symptoms (23). Cognitive function was assessed using the

Mini-Mental State Examination (MMSE) (24). Higher MMSE

score indicated better cognitive function. Frailty was detected

by the Clinical Frailty Scale (CFS) which was scored from

1 (very fit) to 9 (severely frail) (25). Based on the clinical

judgment, a higher CFS score was considered a higher degree

of frailty. The SARC-F questionnaire was used to screen

sarcopenia, with higher values indicating a greater likelihood of

sarcopenia (26).

A structured questionnaire about ACP attitudes was completed

independently by patients and their family members. The

questionnaire included prior experience with relatives and friends

being rescued (coded as yes or no), attitudes toward death

(categorized by fear, avoid discussing, and accept discussing),
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TABLE 2 Comparison of attitudes of older patients and their family members toward ACP and end-of-life treatments for the patients.

Variables Patients
(n = 117)

Family members
(n = 117)

X2 P-value

Surrogate, n (%) NA

Self 10 (8.5)

Spouses 8 (6.8)

Children 98 (83.8)

Sibling/relatives 1 (0.9)

Prior experience relatives and friends being rescued, n (%) 63 (53.8) 57 (48.7) 0.616 0.433

Attitude toward death, n (%) 7.672 0.022

Fear 14 (12.0) 6 (5.1)

Avoid discussing 24 (20.5) 14 (12.0)

Accept discussing 79 (67.5) 97 (82.9)

Value statement about end-of-life care, n (%) 55.658 <0.001

Active treatment 31 (26.5) 88 (75.2)

Relieve uncomfortable symptoms 67 (57.3) 23 (19.7)

Maintenance daily function and quality of life 8 (6.8) 3 (2.6)

Unknown 11 (9.4) 3 (2.6)

Preferences for end-of-life treatments

Cardiopulmonary resuscitation, n (%) 25.435 <0.001

Yes 53 (45.3) 88 (75.2)

No 21 (17.9) 16 (13.7)

Unknown 43 (36.8) 13 (11.1)

Invasive mechanical ventilation support, n (%) 19.549 <0.001

Yes 27 (23.1) 36 (30.8)

No 47 (40.2) 67 (57.3)

Unknown 43 (36.8) 14 (12.0)

Non-invasive ventilation support, n (%) 26.684 <0.001

Yes 52 (44.4) 89 (76.1)

No 23 (19.7) 15 (12.8)

Unknown 42 (35.9) 13 (11.1)

Renal replacement therapy, n (%) 27.492 <0.001

Yes 42 (35.9) 78 (66.7)

No 32 (27.4) 26 (22.2)

Unknown 43 (36.8) 13 (11.1)

Gastrointestinal colostomy, n (%) 23.793 <0.001

Yes 43 (36.8) 77 (65.8)

No 31 (26.5) 25 (21.4)

Unknown 43 (36.8) 15 (12.8)

Nasal tube, n (%) 29.222 <0.001

Yes 48 (41.0) 87 (74.4)

No 26 (22.2) 17 (14.5)

Unknown 43 (36.8) 13 (11.1)

(Continued)
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TABLE 2 (Continued)

Variables Patients
(n = 117)

Family members
(n = 117)

X2 P-value

Deep vein catheterization, n (%) 27.352 <0.001

Yes 49 (41.9) 86 (73.5)

No 25 (21.4) 18 (15.4)

Unknown 43 (36.8) 13 (11.1)

Urinary catheter, n (%) 28.289 <0.001

Yes 51 (43.6) 89 (76.1)

No 23 (19.7) 15 (12.8)

Unknown 42 (35.9) 13 (11.1)

Transfusion, n (%) 28.328 <0.001

Yes 50 (42.7) 89 (76.1)

No 24 (20.5) 14 (12.0)

Unknown 43 (36.8) 14 (12.0)

Preferred place of death, n (%) 5.364 0.068

Home 20 (17.1) 13 (11.1)

Medical or elderly care institutions 6 (5.1) 15 (12.8)

General hospital 91 (77.8) 89 (76.1)

ACP knowledge, determination surrogate, value statement about

end-of-life (coded as active treatment, relieving uncomfortable

symptoms, maintenance of daily function, and quality of life

or unknown), preferences for end-of-life treatments (including

cardiopulmonary resuscitation, invasive mechanical ventilation

support, non-invasive ventilation support, renal replacement

therapy, gastrointestinal colostomy, nasal tube, deep vein

catheterization, urinary catheter, and transfusion), and desired

place of death. Discordance attitudes were defined based on

patients’ and family members’ responses to the question about

whether to consider ACP engagement of patients if patients

cannot make decisions due to a medical condition (such

as coma).

2.4. Data collection process

Patients and their family members were informed of the

aim and the detailed process of the study when they visited the

Department of Geriatrics. After obtaining their informed consent,

they were interviewed by a trained researcher and the data were

analyzed by another researcher.

2.5. Sample size calculation

A sample size of 111 patients was calculated to detect a

discordance rate (p) of 32% according to a previous study (27),

assuming a type I error (α) of 0.05, a desired precision (d) was 0.05,

and a two-sided test. N represents the estimated annual cases of 165

new elderly patients admitted to the geriatrics department of the

primary medical and healthcare institution. A non-response rate

was set as 5%, and 117 pairs of patients and family members were

required. The formula is as follows:

n =

(

Zα

δ

)2
∗ p ∗ (1− p)

1+ [
(

Zα

δ

)2
∗ p ∗ (1− p)]/N

(1)

2.6. Statistical analysis

Data were analyzed using SPSS 18.0 software (SPSS,

Chicago, IL, USA). The frequency and distribution tested

by the normality test for all variables were evaluated. The

continuous variables included patients’ age, family members’

age, the age gap between patients and family members,

and functional capacities. These variables were presented

as median (interquartile range, IQR) because they were not

normally distributed, and the Mann-Whitney U tests were

used to compare the differences between groups. Theχ2 tests

were used to estimate differences in other variables between

groups, and dichotomous variables are expressed as numbers

(percentages). Furthermore, a multivariate logistic regression

model to estimate odds ratios (ORs) and 95% confidence

intervals (CIs) was conducted to identify associated influencing

variables with discordance attitudes toward ACP between

older patients and their family members. The variables with

P < 0.2 in bivariate analysis were selected in the multivariate

logistic regression analysis. A P-value of <0.05 was considered

statistical significance.
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TABLE 3 The patient and family member factors associated with discordance attitudes toward ACP by bivariate analysis.

Variables Accordance
(n = 76)

Discordance
(n = 41)

Z or X2 P-value

Patient

Age, median (IQR), years# 80.0 (70.0, 87.0) 79.0 (65.5, 86.5) −0.223 0.824

Age difference between patient and caregiver, median (IQR), scores# 23.0 (3.0, 28.8) 26.0 (7.5, 32.0) −1.872 0.061

Male, n (%) 45 (59.2) 21 (51.2) 0.692 0.406

Married, n (%) 53 (69.7) 34 (82.9) 2.430 0.119

High school or above, n (%) 20 (26.3) 10 (24.4) 0.052 0.820

Self-reported health status, n (%) 0.451 0.502

Poor/fair 55 (72.4) 32 (78.0)

Good 21 (27.6) 9 (22.0)

Self-reported family support, n (%) 6.688 0.010

Poor/Fair 33 (43.4) 8 (19.5)

Good 42 (56.6) 33 (80.5)

Comorbidities, n (%)

Coronary artery disease 18 (23.7) 12 (29.3) 0.436 0.509

Hypertension 35 (46.1) 22 (53.7) 0.617 0.432

Diabetes 18 (23.7) 8 (19.5) 0.268 0.605

Cerebrovascular disease 11 (14.5) 4 (9.8) 0.530 0.466

Respiratory disease 20 (26.3) 6 (14.6) 2.103 0.147

Osteoarticular diseases 11 (14.5) 7 (15.4) 0.138 0.710

Prior experience relatives and friends rescued, n (%) 34 (44.7) 29 (70.7) 7.241 0.007

MMSE, median (IQR), scores# 21.0 (16.0, 25.0) 16.5 (14.0, 25.8) −0.852 0.394

GDS-15, median (IQR), scores# 6.0 (3.0, 8.0) 7.5 (7.0, 8.0) −3.596 <0.001

MBI, median (IQR), scores# 90.0 (70.0, 95.0) 90.0 (80.0, 100.0) −1.125 0.261

MNA-SF, median (IQR), scores# 12.0 (8.0, 12.0) 12.0 (11.5, 12.0) −2.621 0.009

CFS, median (IQR), scores# 5.0 (3.3, 6.0) 5.0 (3.0, 5.0) −1.780 0.075

SARC-F, median (IQR), scores# 2.5 (0, 4.0) 3.0 (0, 4.0) −0.268 0.789

Family member

Age, median (IQR), scores# 60.0 (53.3, 65.0) 57.0 (49.5, 62.5) −1.896 0.058

Male, n (%) 30 (39.5) 22 (53.7) 2.170 0.141

Married, n (%) 74 (97.4) 36 (87.8) 0.050

High school or above, n (%) 49 (64.5) 21 (51.2) 1.947 0.163

Self-reported health status, n (%) 1.282 0.258

Poor/fair 20 (26.3) 34 (82.9)

Good 56 (73.7) 7 (17.1)

Prior experience relatives and friends being rescued, n (%) 43 (56.6) 14 (34.1) 5.364 0.021

IQR, interquartile range; MMSE, the Mini-Mental State Examination; GDS-15, the 15 item Geriatric Depression Scale; MBI, the Modified Barthel Index; MNA-SF, the Short-Form

Mini-Nutritional Assessment; CFS, the Clinical Frailty Scale.
#The Mann-Whitney U tests.

3. Results

Table 1 presents the characteristics of 117 eligible pairs

of patients and family members. Among patients, 66 (56.4%)

were male, with a median age of 80 years. Among family

members, 52 (44.4%) were males, with a median age of 60

years. Significant differences were found in age, marital status,

educational level, self-reported health status, and comorbid
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TABLE 4 The patient and family member factors associated with

discordance attitudes toward ACP by multivariate logistic analysis.

OR (95% CI) P-value

Patient

Age differences between patients

and family members

1.043 (1.007, 1.081) 0.019

GDS-15 score 1.437 (1.185, 1.742) <0.001

MNA-SF score 1.754 (1.316, 2.338) <0.001

Family member

High school or above Ref

Junior high and below 3.373 (1.239, 9.181) 0.017

MMSE, the Mini-Mental State Examination; GDS-15, the 15 item Geriatric Depression Scale;

MBI, the Modified Barthel Index; MNA-SF, the Short-Form Mini-Nutritional Assessment;

CFS, the Clinical Frailty Scale.

The model adjusted for age difference between patient and family member, patient covariates

(marriage status, family support, health status, prior experience relatives and friends rescued,

GDS-15 score, MNA-SF score, CFS score), and family member covariates (sex, marriage

status, education level, prior experience relatives and friends rescued).

diseases between patients and family members (all P <

0.05).

Table 2 displays the attitudes of older patients and their

family members toward ACP and end-of-life treatments for

the patients. About 84% of patients chose their children

as their medical decision-making surrogates. Family members

were more willing to actively discuss death with patients in

order to cope with the subsequent irreversible final stage of

life, but, in fact, family members preferred to choose active

treatment for patients. In regards to the preferred place of

death, there was no significance between patients and family

members.

Only 4 patients (3.4%) and 14 family members (12.0%) heard

of ACP. When the ACP was fully informed, the percentages of

instituting ACP in the irreversible final stage of life increased to

51.3 and 78.6%, respectively. However, the discordant attitudes

toward ACP between patients and family members accounted

for 41 (35.0%). In the bivariate analysis, several patients’ and

family members’ factors were associated with discordant attitudes

toward ACP (Table 3). In the multivariate logistic analysis, factors

associated with higher odds of discordance attitudes toward ACP

included greater age differences between patients and family

members (OR = 1.043, 95% CI: 1.007–1.081), higher GDS-

15 score (OR = 1.437, 95% CI: 1.185–1.742), higher MNA-SF

score (OR = 1.754, 95% CI: 1.316–2.338), and lower educational

level for family members (OR = 3.373, 95% CI: 1.239–9.181)

(Table 4).

4. Discussion

This study included older patients and their family members

in the primary medical and healthcare institution, and identified

that discordance attitudes toward patients’ engagement in ACP

between them were common, with the discordance rate accounting

for ∼35%. More specifically, most patients and their family

members viewed general hospitals as the preferred location of

death, but family members would choose more aggressive life-

sustaining treatments for patients at the end of life than patients

themselves. Indeed, multiple previous studies demonstrated poor

patient-surrogate agreement about patients’ end-of-life treatment

preferences (15, 27, 28). One study showed that agreement between

older persons and their surrogates regarding living will completion

were 81%, while agreement about the other aspects of ACP

including healthcare surrogates, attitudes toward life-sustaining

treatments, and the quality and quantity of life was 62–68% (27).

The low compliance of patients’ end-of-life preferences may be

attributed to the lack of ACP knowledge. The dissemination and

implementation of ACP need to take into account cultural and

ethical considerations (29, 30). It is well known that people in a

Western culture attach great importance to patient autonomy and

quality of life, partly because they have received death education

since childhood, as well as the legislative power of patient autonomy

and informed consent (31, 32). However, adult children in Chinese

traditional culture often act on the patient’s preferred surrogates

for future medical decisions, they are endowed with important

family responsibilities to make every effort to prolong their older

patients’ lives. And the collectivism of family and society is

considered as having a higher value than patient autonomy in

end-of-care decision-making, which prevents ACP discussion by

families who are reluctant to inform patients of their true condition

and discuss death (33). In addition, ethical conflicts about what

is a reasonable decision for a patient end of life care often occur

during ACP communication and the decision-making process

(34, 35).

In addition to cultural and ethical considerations, our study

found that discordance attitudes varied greatly with respect to

age gaps between patients and family members, family members’

educational level, patients’ depressive symptoms, and patients’

nutritional status. The smaller the age gap between the patient

and his family member is, that is, they are both in advanced

age, the easier the family members understand the patient’s

preference. On the contrary, the greater the age gap between the

two, the younger family members may make decisions against

the patient’s will due to traditional culture, ethics, and other

factors. There are no relevant studies to explore the association

between the age gap and disagreement attitudes toward ACP

activities between patients and their family members. Thus, the

result of this study needs to be further warranted in a large

sample study. Moreover, the awareness rates of ACP knowledge

in both older patients and their family members in this study

were obviously lower than the previously reported rates in

tertiary general hospitals (12), and it may be supportive of

the importance of promoting ACP education in the primary

institutions. Except for ACP education, original educational level

is known to influence individuals’ attitudes toward ACP, and our

study revealed that poorly educated family members were more

prone to make decisions that were against the patients’ end-of-

life preferences than those with highly educated. In accordance

with a recent study investigating factors influencing older married

couples possessing an AD, the result clarified that older couples

in which one or both spouses went to college were more prone

to report AD concordance (36). Compared with poorly educated
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family members, highly educated family members may have more

access to increase their knowledge and understanding of patients’

wishes, and are more likely to joint communicate end-of-life

treatment and care preferences with their elders, thus reducing

the burden of making difficult end-of-life decisions on behalf

of patients.

Functional capacity parameters, especially depressive

symptoms and the nutritional status of patients were identified

as important associated modifiable factors. Evidence showed

that depression was associated with enhancing discussions about

end-of-life care and declining cardiopulmonary resuscitation

(37, 38), and a decrease in depressive symptoms, in turn, increased

the likelihood of patients changing preferences from declining

to desiring cardiopulmonary resuscitation (39). ACP discussion

and intervention could facilitate alleviating anxiety and depressive

symptoms of terminally ill patients and their surviving relatives,

but neither improves the quality of life nor the end-of-life

care decision-making process (4, 40). Fluctuations in patients’

depressive symptoms and lack of communication may increase

the possibility of inconsistent attitudes toward ACP. Furthermore,

the patient’s poor nutritional status was associated with an

accordance attitude toward ACP. The observed association can

be explained by the fact that older patients with malnutrition

were accompanied by multiple comorbidities, reduced physical

functioning, and dependence on activities of daily living (41).

Poor physical condition and dependence synergistically make

older patients a more self-perceived burden to their families

(42). Older adults often have a perception that they do not want

to burden others, including their families (43, 44). Moreover,

prior studies of the perspective of the elderly on ACP have

shown that ACP would ease the family burden (45). Hence,

increasing family burdens seems to be an important factor in

end-of-life decision-making for older adults. The discordant

attitudes toward ACP between older patients and their family

members were seen in older patients with good nutritional status

in this context.

Studies have shown ACP focused more on improved

concordance of care, particularly at the end of life, rather than

improved clinical outcomes (46). Another study described the

ACP process as part of chronic disease management (47). Based

on these findings, the integration of ACP for older patients in

the primary medical and health care institution into routine care

may facilitate informed and shared decision-making in regard to

complicated therapeutic options and palliative care that is in line

with personal values and preferences. This study identified several

modifiable and non-modifiable factors toward ACP discordance

attitudes, which were important for good communication between

older patients and their family members. It is suggested that

clinicians need to pay close attention to the potentially vulnerable

groups with discordant attitudes, and patient-family-clinician

shared decision-making about end-of-life preferences should

be adopted to achieve the goal of honoring patients’ values,

preferences, and wishes. In addition to ACP education, the ACP-

related laws and regulations, and the robust healthcare system

need to be supported at the national level in order to implement

ACP smoothly.

However, this study also has some limitations. Firstly,

this study recorded older patients and their family members’

perceived attitudes toward future ACP engagement of patients,

rather than actual discordance in medical care and treatments

received. Attitudes toward end-of-life preferences would

change during hospitalization for some patients and their

family members, due to various reasons. Secondly, this study

did not explore physician preferences for the patient’s care

goals and treatments. Thirdly, this study was conducted

in a single institution with a relatively small sample, and

the data were collected at one point in time. Thus, the

findings were of limited generality, and no causality could

be assumed. Fourth, the lack of collection of response rates

and characteristics of non-responders may result in biased

prevalence estimates and selection bias, and the results should be

interpreted with caution.

5. Conclusion

This study indicated that older patients and their family

members had little ACP knowledge, and factors that influence

discordance attitudes toward patients’ engagement in ACP

included age gaps between patients and family members,

family members’ educational level, patients’ depressive

symptoms, and patients’ nutritional status. Early ACP

education for older patients and their family members

may promote ACP communications, and thus facilitate

patient-family-clinician shared decision-making in the

primary medical and healthcare institution, which eventually

achieves the goal of honoring patients’ values, preferences,

and wishes.
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Objectives: Advance care planning (ACP) is an increasing priority for people with

dementia during the COVID-19 pandemic. This study evaluated the association

between ACP initiation and depressive symptoms among home-dwelling people

living with dementia.

Methods: An internet-based questionnaire survey was conducted with Japanese

family caregivers of home-dwelling persons with dementia in June 2021. Family

caregivers evaluated the level of depressive symptoms in persons with dementia

using the Neuropsychiatric Inventory (NPI). Caregivers also rated the quality of life

of persons with dementia using the EQ-5D-5L.

Results: A total of 379 family caregivers participated in the survey. Depressive

symptoms were reported in 143 persons with dementia (37.7%). A total of

155 persons with dementia (40.9%) had initiated ACP, of which 88 (56.8%)

had care professionals involved in ACP conversation. After adjusting for

the characteristics of persons with dementia and caregivers, persons with

professional involvement showed significantly more severe depressive symptoms

compared to those who did not initiate ACP. There was no significant

di�erence in the quality of life of persons with dementia according to

ACP initiation.

Conclusions: Many home-dwelling persons with dementia experienced

depressive symptoms during the COVID-19 pandemic, especially in cases where
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care professionals were involved in ACP conversations. Optimal and proactive

ACP approaches need to be developed to prevent depressive symptoms in newly

diagnosed persons.

KEYWORDS

advance care planning, community, dementia, depression, family caregiver

1. Introduction

Living well with dementia becomes a global public health

priority as the number of people with dementia continues to

increase (1). Dementia is currently irreversible and people with

dementia face a progressive decline in functional and mental

capacity, with a median survival of 3–10 years following clinical

diagnosis (2, 3). Although promotion of early diagnosis is

often included in several national dementia plans (4), dementia

diagnosis is associated with an elevated risk of depression and

suicide (5–7). Suicidal ideation may be caused by dementia-

related anxiety (8). Post-diagnostic support should be embedded

in dementia plans to support people with dementia in re-

establishing and maintaining a positive identity in the face of the

condition (9).

Timely advance care planning (ACP) could comprise post-

diagnostic support for people with dementia. ACP is defined as

an ongoing communication process about future care among the

person affected by dementia, family member/s, and the healthcare

team (10). Initiation of ACP following dementia diagnosis provides

an opportunity for people with dementia to express their values

in life. Such communication and expression might prevent the

development of depressive symptoms and reduce the risk of

suicide. However, ACP for people with dementia is typically

reported in care home settings (11, 12), for those with moderate

to severe cognitive impairment who may lack decisional capacity

(13). This results in their family members having to engage in

decision making processes for them (13). The active involvement

of community-dwelling people with dementia in ACP has not

been sufficiently researched. Furthermore, outcomes of ACP are

typically focused on end-of-life care measures (14). Little is known

about the impact of ACP on depressive symptoms in persons

with dementia.

ACP is an urgent priority for people with dementia during

the COVID-19 pandemic. COVID-19 has caused a global health

crisis alongside enforced isolation measures, which have a

disproportional impact on people with dementia (15). Being

unable to access social support services due to COVID-

19 has contributed to worse quality of life in people with

dementia (16). Furthermore, these individuals are particularly

vulnerable to COVID-19 because of their age, multimorbidity,

and difficulties in maintaining physical distancing (17). Thus,

ACP is recommended to discuss the stage at which hospital

admission for COVID-19 might not add much value (18).

This may affect the practice of ACP among persons with

dementia and their family caregivers. Moreover, understanding

the association between depression and ACP during the COVID-

19 pandemic can provide implications for imparting dementia

care in adapted formats, considering the long-term public

health restrictions.

This study therefore investigated the association between

ACP initiation and depressive symptoms among people with

dementia during the COVID-19 pandemic. We hypothesized

that individuals having initiated ACP would show lower levels

of depressive symptoms compared to those who have not yet

initiated ACP.

2. Materials and methods

2.1. Design

This research was a cross-sectional observational

study that was conducted using an online survey hosted

by an Internet survey company (Macromill Inc.), which

provides a global online research system. This web-based

survey was conducted with Japanese residents. For more

detailed information, please refer to Nakanishi et al.

(19) study.

2.2. Setting

On June 25, 2021, a self-administered questionnaire was

distributed to eligible individuals who were registered members

of the survey company. Participants aged 40 years or older were

randomly sampled from the company’s member pool and were

asked to complete the questionnaire by 27 June 2021. A continuous

rise in the daily number of COVID-19 cases was observed during

the study period, following the relief of the emergency declaration

on 20 June. By 24 June, 21.3% of older adults in Japan had received

the second dose of COVID-19 vaccine (20).

The members’ continued participation was considered

indicative of their consent to the questionnaire instructions

provided on the website. The instructions assured the participants

that their personal information would be protected and that

their data would be anonymized. Any identifying information

(participants’ names and other identifiers that could lead to the

identification of a participant) was removed when we received the

data from the Internet survey company, and no images/videos

were obtained from the participants.

2.3. Participants

Potential participants fulfilled the following criteria: (a) aged 40

years or older, (b) having been a primary non-professional caregiver
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for a home-dwelling person with dementia, and (c) having no

conflicts of interest with advertising or marketing research entities.

We excluded caregivers under the age of 40 because they comprise

only 2% of all caregivers in Japan, making it difficult to consider

such young caregivers providing care (21). Dementia in this survey

was defined as having formal diagnosis of Alzheimer’s disease,

vascular, Lewy body, or other types of dementias, and having

regular visits to healthcare institutions for the treatment. Based

on these criteria, the Internet survey company randomly recruited

members from their potential pool of participants by sending e-

mails and posting notifications on their website. It was estimated

that there were 1,913 persons in the pool who had a family member

with a dementia diagnosis in the same household requiring regular

visits to healthcare organizations for treatment.

Eligible persons who agreed to the terms and conditions of

the online survey could access the self-report questionnaire. Since

the Internet survey company ceased recruitment once the target

number of respondents had been reached, the response rate could

not be determined.

2.4. Measurements

All variables were measured using an online self-report

questionnaire developed by the authors. The recruited participants

were instructed to log in to the portal and complete the

online questionnaire.

The primary outcome measure was the depressive symptoms

of a person with dementia. Depressive symptoms were evaluated

using an item of depression from the Neuropsychiatric Inventory –

Nursing Home version (NPI-NH). The original NPI-NH comprises

12 items to rate the frequency and severity of neuropsychiatric

symptoms in persons with dementia (22–25). Scores for depression

range from 0 to 12, with higher scores indicating more severe

symptoms. The Japanese version of the NPI-NH has good validity

and reliability (26).

The secondary outcome measures included the quality of life

of people with dementia. Quality of life was evaluated using the

EuroQol 5 Dimension 5 Levels (EQ-5D-5L). The original EQ-5D-

5L consists of five items: “mobility,” “self-care,” “usual activities,”

“pain/discomfort,” and “anxiety/depression” (27, 28). The EQ-5D-

5L score ranges from 0 to 1, with higher scores indicating greater

quality of life. The Japanese version of the EQ-5D-5L has been

validated (29, 30).

ACP initiation was the primary independent variable. In the

questionnaire, family caregivers were asked whether the person

with dementia had initiated ACP. ACP was defined as “thinking

about one’s own future, and talking to the person’s family and

others about what is important to the person”. The definition was

created by the research team based on materials from dementia-

related associations (31, 32) and suggestions from family caregivers

and staff working at four dementia-related organizations in Japan.

When a person with dementia did initiate any form of ACP, family

caregivers were also asked to respond to the timing of initiation

(e.g., diagnosis, hospital admission), types of care professionals

involved in the conversation, and the topics discussed. Categories

of timing of initiation were developed by the research group

based on the recommendations of ACP in dementia (33). Types

of professionals were defined with reference to dementia care

pathways in Japan (34). Categories of topics discussed were also

developed by the research group based on intervention programs

to encourage ACP among community residents (35, 36). As half

of the participants with ACP initiation did not involve any care

professionals in the conversation, participants were divided into

three groups: never initiated (N= 224), no professionals other than

relatives involved (N = 67), and care professionals involved in the

conversation (N= 88).

We measured the characteristics of persons with dementia,

including age, sex, type of dementia, duration of illness from

clinical diagnosis, level of cognitive impairment, activities of daily

living (ADL), presence of physical complications, and delusions.

Physical complications were categorized as heart disease, cancer, or

circulatory disease. The level of cognitive impairment was evaluated

using the Japanese version of the Cognitive Performance Scale

(CPS) provided by the interRAI Assessment System (37). The

is a validated measure that uses five variables to classify older

adults into cognition categories ranging from intact (a score of

0) to very severely impaired (a score of 6) (37). The Japanese

version of the CPS has demonstrated fair reliability and validity

(38). ADL were measured using the Japanese version of the

Activities of Daily Living Self-performance Hierarchy Scale (ADL-

H) provided by the interRAI Assessment System (39). The ADL-H

is a 10-item scale that measures basic aspects of activities related

to self-care and mobility (38). Total scores range from 0 to 6,

with higher scores indicating greater physical dependency. The

Japanese version of the ADL-H has demonstrated good validity

(40). Delusional symptoms were assessed using the NPI as they

were associated with suicidal ideation (41). Duration of illness

was categorized into “within 24 months”, “25–60 months”, or

“61 months or longer”, based on quartiles (25, 51, 92.5) and the

literature (5–7).

We also assessed characteristics of family caregivers, including

age, sex, educational attainment, and relationship with the person

with dementia. As the majority of family caregivers were the

children (74.9%) of the person with dementia, the relationship with

the person was categorized into “children” or “other relatives” in

the analysis.

2.5. Study size

The required sample size for conducting an analysis of variance

for depressive symptoms was calculated using the G∗Power 3.1.9.7

software (42, 43). Based on recent reports on the prevalence of ACP

in Belgium (11.8%) (44) and Australia (16.0%) (45), we assumed

the prevalence of ACP initiation to be 16% in this study. Assuming

a significance level of 0.05 and 95% power, a medium effect size

(Cohen’s d = 0.5), and using a two-tailed test, the desired sample

size was determined to be 390.

After data collection, we discovered that out of 40.9% of the

participants who had initiated ACP, 43.2% had no professionals

involved in ACP; we divided the participants into three groups

according to ACP initiation and professional involvement. Post-hoc

power analysis showed a small effect size (Cohen’s f= 0.2).
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2.6. Ethical considerations

The study protocol was approved by the Ethics Committee

Tohoku University Graduate School of Medicine (number 2021-

5-154) and the Tokyo Metropolitan Institute of Medical Science

(number 20–55). The research was conducted in accordance with

the principles of the Declaration of Helsinki (version November

2013). It is in agreement with the law regarding medical-scientific

research in humans.

2.7. Statistical analysis

The characteristics of persons with dementia and caregivers

were compared among the three groups according to ACP

initiation. ANOVAs were used for continuous variables

with Bonferroni correction, and χ2 tests were used for

categorical variables.

Depressive symptoms and quality of life of the person were

compared among the three groups according to ACP initiation,

using ANOVAs with Bonferroni correction.

Multiple linear regression analysis was conducted using the

three groups according to ACP initiation as independent variables

and the total score of each outcomemeasure as dependent variables.

All the persons’ and family caregivers’ characteristics were included

as covariates.

Statistical significance was set to α = 0.05. All statistical

analyses were conducted using STATA version 17.0 (StataCorp

LLC, College Station, TX, USA).

3. Results

3.1. Participant characteristics

A total of 412 family caregivers who were registered with

the Internet survey company completed the survey. Of the 412

respondents, 33 were excluded because they reported that their

loved ones had been admitted to long-term care facilities or

hospitals by the time of the survey. Therefore, the remaining 379

family caregivers of home-dwelling individuals with dementia were

included in the final sample.

At the time of enrolment, the mean age of the family caregivers

was 58.2 years [standard deviation (SD) = 8.9]; 52.8% were men,

44.1% had graduated from university or graduate school, and the

majority (74.9%) were children of the loved ones. Most (97.4%) of

the respondents lived with their loved ones. One-fifth of the loved

ones were men (19.0%; Table 1). An average of 65.3 months had

passed since diagnosis (range= 2–313months; SD= 55.8 months).

3.2. Initiation of ACP

One hundred and fifty-five (40.9%) of the respondents reported

that their loved ones had initiated ACP. Of these, approximately

half (49.7%) reported that the initiation was triggered by a

dementia diagnosis. One-fifth (20.0%) reported that the initiation

was triggered by new accreditation for a long-term care insurance

benefit. Other types of triggers included increased difficulty

TABLE 1 Characteristics of 379 family caregivers and persons

with dementia.

Variable N (%) or mean
[Standard

Deviation (SD)]

Family caregiver

Age, year, range 40–83, mean (SD) 58.2 (8.9)

Sex, man, n (%) 200 (52.8)

Educational attainment, n (%)

Junior high school or high school 138 (36.4)

Vocational school or college 74 (19.5)

University or graduate school 167 (44.1)

Relationship with the person with dementia, n (%)

Child 284 (74.9)

Spouse 61 (16.1)

Spouse of child 29 (7.7)

Other relative 5 (1.3)

Person with dementia

Living situation, n (%)

Living with respondent caregiver 369 (97.4)

Living with other caregiver 3 (0.8)

Living alone 7 (1.8)

Demographic

Age, year, range 41-99, mean (SD) 82.7 (8.7)

Sex, man, n (%) 72 (19.0)

Duration of illness from diagnosis, n (%)

Within 24 months 92 (24.3)

25–60 months 120 (31.7)

61 months or longer 167 (44.1)

Type of dementia, n (%)

Alzheimer’s disease 254 (67.0)

Vascular 55 (14.5)

Lewy body 51 (13.5)

Frontotemporal 9 (2.4)

Mixed 13 (3.4)

Other, including unspecified 24 (6.3)

Functioning

ADL dependence, range 0–6, mean (SD) 2.9 (2.0)

Cognitive impairment, range 0–6, mean (SD) 3.1 (1.2)

Delusional symptoms, range 0–12, mean (SD) 1.5 (2.9)

Physical complication, n (%)

Cardiovascular disease 76 (20.1)

Neurological disease other than Alzheimer’s disease 54 (14.2)

Respiratory disease 25 (6.6)

Malignant neoplasm 19 (5.0)

Kidney disease 16 (4.2)

Activities of daily living (ADL) were evaluated using the Japanese version of the Activities of

Daily Living Self-PerformanceHierarchy Scale. Cognitive impairment was evaluated using the

Japanese version of the Cognitive Performance Scale. Delusional symptoms were evaluated

using the Japanese version of the Neuropsychiatric Inventory (NPI).
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managing own property or daily life (8.4%) and admittance to an

acute hospital for treatment of a physical illness (4.5%).

Two-fifths (43.2%) reported that no one other than relatives

were involved in the ACP conversations. Regarding the cases

in which health-care professionals were involved in such

conversations, the most commonly reported type of professional

was care managers of in-home care services (34.2%). Other types

of professionals included staff of a day-care center (27.7%), care

manager of a residential care service (25.2%), and Community

General Support Center (17.4%) which provides comprehensive

support for older community residents. The doctor who provided

the dementia diagnosis was present in 16.8% of the cases. Initial-

phase intensive support team for dementia that, conducts home

visits and assessments, and provides information and advice to

persons with early signs of dementia, was present in only 5.2% of

the cases.

The most frequently discussed ACP-related topic was the point

at which the loved ones would need to enter residential care

(67.7%). Other topics included important roles in the community

and values (41.9%), the loved one’s habits and preferences (38.7%),

social activities the loved one would like to continue (29.0%), social

relationships the loved one would like to maintain (25.2%), tube

feeding (25.2%), and application of cardiopulmonary resuscitation

or transfer to an emergency department when breathing or heart

stops (21.9%).

The 88 persons whose care professionals were involved

in the conversation had significantly older caregivers, male

caregivers, caregivers with higher educational attainment, more

severe ADL dependence, more severe delusional symptoms, and

a higher prevalence of respiratory disease or malignant neoplasm

(Supplementary Table 1).

3.3. Depressive symptoms of persons with
dementia

The mean score of depressive symptoms measured by NPI

was 1.34 (SD = 2.46). A total of 143 persons (37.7%) presented

with depressive symptoms. The 88 persons with professional

involvement showed significantly more severe depressive

symptoms compared to 224 persons without ACP initiation. There

was no significant difference in depressive symptoms between the

67 persons with no professional involvement and 224 persons

without initiation (Table 2).

Multiple linear regression analysis showed a significant

association with more severe depressive symptoms in persons with

professional involvement (Table 3). There were also significant

associations with more severe depressive symptoms in more severe

delusional symptoms and presence of neurological diseases other

than Alzheimer’s disease (Supplementary Table 2).

3.4. Quality of life of persons with dementia

The mean score of quality of life measured by the EQ-5D-

5L was 0.62 (SD = 0.22). The 88 persons with professional

involvement showed significantly lower quality of life compared

to 224 persons without ACP initiation. There was no significant

difference in quality of life between the 67 persons with no

professional involvement and 224 persons without initiation

(Table 2).

The multiple linear regression analysis did not show significant

association between quality of life and ACP initiation (Table 3).

Quality of life was significantly greater for younger persons with

dementia, women, those who had a shorter duration of illness from

diagnosis, less dependence on ADL, less cognitive impairment, less

severe delusional symptoms, and absence of neurological disease,

malignant neoplasm, or kidney disease (Supplementary Table 2).

4. Discussion

Contrary to our hypothesis, ACP initiation was associated with

more severe depressive symptoms in home-dwelling persons with

dementia. ACP initiation was not significantly associated with the

quality of life of persons with dementia. Initiation was triggered by

dementia diagnosis or accreditation of long-term care insurance

benefits. Among those with initiation, 43% did not have any care

professionals involved in the conversation process. Furthermore,

professional involvement was significantly associated with worse

depressive symptoms in persons with dementia.

There is little evidence regarding person-centered outcomes

of ACP in terms of depressive symptoms or quality of life,

rather than end-of-life measures (14, 46). One randomized-

controlled study reported greater improvement in depressive

symptoms and quality of life among 10 persons with dementia who

received the intervention (35). The association between depressive

symptoms and ACP initiation in this study was inconsistent with

the previous study (35). There are long-term concerns among

professionals regarding ACP causing stress and anxiety in people

with dementia and family caregivers (14). This is because the

conversation process requires imagining a situation in which the

person will lose decisional capacity. However, trusting and open

relationships would help overcome such difficult emotions (47).

Our findings showed that the participants had a mean duration

of 65 months following the clinical diagnosis of dementia, and

39% had depressive symptoms. Although the risk of suicide is

most likely after initial diagnosis and decreases over time (5–7),

depression and anxiety are highly prevalent across dementia stages

(48). Many persons in our study experienced depressive symptoms

even some years after receiving the dementia diagnosis. Thus, the

ACP initiation and involvement of professionals could reflect their

coping strategies in response to dementia-related anxiety. Anxiety

and depression were associated with greater ACP engagement

among older adults (49). Our results suggest that care professionals

may intervene only when the person has worsened symptoms.

Further examination is needed to verify whether optimal, timely,

and proactive ACP approaches in newly diagnosed persons can

prevent dementia-related anxiety and depressive symptoms.

Care professionals were involved in conversations with 57%

of the 155 persons with dementia who had initiated ACP. The

most frequent types of care professionals involved in ACP included

care managers of in-home care services (34%), staff of day-care

centers (28%), and care managers of residential care services (25%).

Only 17% of the participants had conversations involving doctors
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TABLE 2 Comparison of outcome measures according to the initiation of advance care planning (ACP).

ACP initiation

Mean (standard
deviation)

Never initiated
(N = 224)

No professionals
involved (N = 67)

Professionals
involved (N = 88)

F (2) P-value

Depressive symptoms 0.99 (2.02)a 1.33 (2.40) 2.24 (3.21)a 8.52 <0.001

Quality of life 0.64 (0.21)a 0.64 (0.25) 0.56 (0.22)a 4.63 0.010

aSignificant difference with P < 0.017, Bonferroni correction. Depressive symptoms were evaluated using the Japanese version of the Neuropsychiatric Inventory (NPI) (range 0–12). Quality of

life was evaluated using the Japanese version of the EuroQol 5 dimensions 5-level (EQ-5D-5L) (range 0–1).

TABLE 3 Multiple linear regression analyses of outcome measures.

Depressive symptoms Quality of life

Coe�cient 95%CI Coe�cient 95%CI

ACP initiation, reference= never initiated

Professionals involved 0.69 0.11, 1.26 0.003 −0.04, 0.04

No professionals involved 0.001 −0.60, 0.60 −0.01 −0.05, 0.03

CI, confidence interval. Depressive symptoms were evaluated using the Japanese version of the Neuropsychiatric Inventory (NPI) (range 0–12). Quality of life was evaluated using the Japanese

version of the EuroQol 5 dimensions 5-level (EQ-5D-5L) (range 0–1). The model included following covariates: family caregiver’s age, sex, educational attainment; the person with dementia’s

age, sex, duration of illness from diagnosis, type of dementia, ADL dependence, cognitive impairment, delusional symptoms, and physical complication.

who provided the dementia diagnosis. In Japan, where there is

no registration system for general practitioners, initiation of ACP

is promoted in the Initial-phase Intensive Support Teams, which

are expected to provide post-diagnostic support to people with

dementia and family caregivers (34). However, in our study, there

were only 5% of participants whose ACP involved Initial-phase

Intensive Support Teams. This may reflect the fact that most

people with dementia do not access initial-phase intensive support

teams due to less availability compared to general health and social

care services.

Our findings also showed that 40.9% of the participants had

initiated ACP. The involvement of the person with dementia

appeared to be greater than that reported by family physicians

among nursing home residents in Belgium (11.8%) (44). Since,

2018 the Ministry of Health, Labor, and Welfare in Japan has

announced November 30 as the national ACP (Jinsei-Kaigi) day.

This national campaign may have increased awareness of ACP

among community-dwelling older adults (50). Uncertainty and

instability in healthcare due to the COVID-19 pandemic could

also add to the awareness of persons with dementia and family

caregivers about planning for the future. Nonetheless, the topics

discussed were focused on institutionalization rather than living

well with dementia, such as important roles in the community and

values of the person. In Australia, more than a half of individuals

with dementia knew about ACP, whereas only one-quarter had

written down their values and preferences for future care (51).

Most persons with dementia in Canada preferred focusing on

the present rather than planning for the future (52). Therefore,

raising awareness strategies may be imperative to encourage

people with dementia to express their values and future hope

during ACP conversations. There is currently limited evidence on

effective ways of engaging persons with dementia in ACP (53).

The COVID-19 guidance on ACP has largely focused on a plan

recording an individual’s treatment process rather than enabling

conversations that constitute the planning process (54). Further

strategies are warranted to implement ACP in a more ethical,

coordinated and person-centered practice during the COVID-19

pandemic (55).

4.1. Strengths and limitations

The strengths of this study lie in the inclusion of home-dwelling

persons and person-centered outcome measures of ACP rather

than measures specific to end-of-life care. However, our study has

some limitations. A cross-sectional design could not determine the

causality between ACP initiation and depressive symptoms. Our

data collection was based on the responses of family caregivers. This

may have led to a bias regarding outcome measures for persons

with dementia and the initiation of ACP. Family caregivers tended

to rate worse quality of life for the person with dementia than

their self-reported evaluation (56). Family caregivers also had a

low to moderate agreement with persons with dementia on care

preferences (57). This might have affected their perception of the

ACP initiation and types of professionals involved in conversation.

Although sex and mean age of our participants were similar

with those reported in previous studies using online surveys in

Japan (58, 59), our participants included more sons than female

partners and daughters of people with dementia, which were more

often reported in clinical settings (60) and national questionnaire

surveys (61). This study’s definition of ACP was developed based

on suggestions from Japanese dementia-related associations with

a focus on conversation. This definition may not be applicable to

ACP in other countries that typically involve documentation of

preferences and decisions.

5. Conclusion

Persons with dementia exhibited more severe depressive

symptoms when they had care professionals involved in ACP.

This study is an important step toward improving post-diagnostic
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support for community-dwelling persons having dementia and

their family caregivers, requiring the implementation of a more

person-centered approach to ACP. Educational and clinical

strategies should be examined to encourage care professionals to

engage in proactive and effective ACP for people with dementia in

the early stages of the disease course.
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Introduction: Home modifications and features, e.g., handrails or ramps for

people using wheelchairs, should allow residents with functional limitations to

maintain social participation, health, and wellbeing for aging in place. However,

there is little evidence in relation to the individual characteristics shaping this

implementation of technology-based home modifications. Current studies often

focus on describing the distribution of certain implementations in households

but do not provide information on factors predicting the implementation or

detailed and multifaceted data on associations with characteristics of the older

user. This article, therefore, examines the use of well-established technological

aids and home modifications (e.g., ramps, handrails, automatic doors, bathroom

or kitchen modifications, chair lifts, and alerting devices) in the households of

older adults in Europe. We refer to Lawton’s and Nahemow’s concept of personal-

environment fit and describe the use of technical aids across 18 countries, analyze

associations with individual characteristics and social resources, and compare

those associations and variance explanation between older adults in their third age

(“young-old”, 65–79 years) and older adults in their fourth age (“old-old”, 80+).

Methods: Drawing on representative data from the Survey of Health, Ageing, and

Retirement in Europe (SHARE), wave 6, a total of N= 38,553 older adults aged 65–

105 years (M = 74.4 years, SD = 7.1; 55% women) were analyzed by performing

hierarchical logistic regression analyses.

Results: Indicators of functioning explained the highest proportion of variance,

followed by social resources, and variance explanation was higher for the fourth

age than for the third age. In particular, older adults with physical limitations,

a larger social network, and those who received care from a child outside the

household were more likely to have home modifications installed.

Discussion: The study provides an overview of associations of diverse variables

with assistive devices and modifications in the home and can serve as a starting

point for public health activities concerning the heterogeneity of people aged 65

years and older.

KEYWORDS

aging in place, home modifications, technical aids, functional abilities, social network,

mental health, internet use among older adults, mobility limitations
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1. Introduction

“Aging in place” and “aging in the community”—the ability

to live safely, independently, and comfortably in one’s own home

and community, regardless of age, income, or competence level—

have gained public interest and become key topics for older

individuals as well as in healthcare policies (1, 2). The creation

of age-friendly environments entails several dimensions such as

transport infrastructure, safety in the community, accessibility

to houses and public spaces, and universal design (3, 4). In

this context, home modifications and features, e.g., handrails

or ramps for people using wheelchairs, should allow residents

with functional limitations to maintain activities in their daily

life. The WHO (5) also underlines the possibilities of access

to the internet and assistive technologies to maintain social

participation, information, and quality of life for older people

in their homes. Expectations are high that technology has the

potential to facilitate health prevention, independence at home,

and overcoming challenges in healthcare, especially as we have

now entered the so-called Decade of Healthy Aging (2021–2030)

(6). According to statistics from the European Commission (7),

during the next 50 years, the ratio of Europeans aged 65 years

and older will increase from 20% today to 30% in 2070. In

addition, 49.7% of the EU population aged 65 years and older

report moderate or severe difficulties with at least one everyday

activity (8).

Indeed, a growing number of research demonstrates the use

and potential of technology-based home modifications, although

studies also indicate that older people may face barriers when

implementing these technologies. Previous studies found that

the modification of grab bars is used in particular, followed by

shower seats, raised toilet seats, and grab bars near the toilet for

persons aged 52 or older (9) or aged 65 or older (10). These

features can be classified as technical aids with a low level of

digitalization. With regard to the impact of technical aids (e.g.,

ramps and alarm buttons) on functional health, recent studies

provide evidence that modifications in the home reduce difficulties

in performing (instrumental) activities of daily living. Liu and

Lapane (11) examined data from two waves (N = 9,447) of the

Second Longitudinal Study of Aging, a representative study of

older noninstitutionalized adults aged 70 years and older from

the United States. The results show that people aged 70 years

and older who had modifications in their home at the baseline

measurement were less likely to experience a worsening of their

functional abilities after 2 years compared with older adults without

modifications. Using data from the Survey of Health, Ageing, and

Retirement in Europe (SHARE) for adults aged 60 years and older,

Wu et al. (12) analyzed the extent to which home modifications

(e.g., wide doors and grab bars) were related to health status

after 3 years of implementation. Results showed that adding one

modification to the house was associated with a reduction in

the risk of falling by about 1.3%. In addition, the Swedish study

from Petersson et al. (13) explored improvements due to the

implementation of technical aids in the household. Participants

who reported difficulties and feelings of insecurity in performing

various (instrumental) activities of daily living (e.g., climbing stairs)

at the first measure point reported better performances 2 months

after the intervention.

However, there is little evidence in relation to the individual

characteristics shaping this implementation of technology-based

home modifications. Current studies often focus on describing

the distribution of certain implementations in households but do

not provide information on factors predicting the implementation.

Regarding the type of technology, information and communication

technologies (ICT) are often the focus of attention. Having a

deeper understanding of the characteristics which influence the

probability of home modifications can be useful to address more

effective and sustainable interventions for aging in place and in

the community.

1.1. Technical aids in the
household—Characteristics and resources
of older users

First, studies with European data found that a significant

number of older adults make modifications to their households

with country-specific differences. Wu et al. (12) reported that 22%

of Europeansmodified their households and that the use of assistive

devices was higher in the countries studied from Western Europe

(e.g., France and Germany) than in Southern European countries

(e.g., Spain and Italy) (25 and 10%, respectively). A longitudinal

study (14) examined older adults from five European countries

(Sweden, Germany, United Kingdom, Latvia, and Hungary)

regarding the use of assistive devices. They analyzed data from the

European research project Enabling Autonomy, Participation, and

Wellbeing in Old Age: The Home Environment as a Determinant

for Healthy Aging (ENABLE AGE). Here, too, it was found that

many older people had a desire for supportive modifications but

did not act on them. Approximately 24% of Europeans involved in

the study (N = 1,918) reported an unmet need for adaptations (e.g.,

aids for showering) (14).

Building on socio-demographic characteristics, some studies

suggest that women were more likely to have home modifications

than men (10, 15, 16). In addition, the probability of modifications

increases with age to successfully adapt to limitations in mobility

(17, 18). The European study from Wu et al. (12) confirmed

that older adults aged 80 years and older (33%) were more likely

to use assistive devices compared to adults between 60 and 70

years of age (22%). With regard to the influence of educational

background and income, studies provide largely varying results.

While some studies underline a higher educational level as a

significant predictor of a higher number of applied aids (10, 19,

20), other research indicates a higher probability of modifications

for persons with lower education especially regarding features to

maintain mobility (21). In the study of Ishigami et al. (21) also a

lower income was associated with higher use of assistive devices.

However, considering the interaction of income and health status,

it can be assumed that persons with higher income had fewer

functional limitations, and accordingly, their need for assistive

devices was lower (15).
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Social support is considered an important resource for aging

in place as well as aging in the community (22). Receiving help

from people in their social network also indicates to enable the

implementation and use of technical aids (10, 23, 24) Partners,

children, or peers may recommend or discourage the use of certain

devices based on their preferences and opinions. Thus, technical

features such as alarm sensors may be used to reassure relatives

not living close by (24). In particular, informal caregivers’ need

for information (e.g., seeking information to ensure the safety of

the care recipient at home) and their perception of fall risk (e.g.,

due to past falls) correlates positively with household modifications

(17, 25, 26).

Only few studies explored the associations between mental

health and the use of assistive devices among older persons in their

homes and results appear to be inconsistent. While some studies

found no significant relation between mental health problems (e.g.,

depression, guilt, and sleep problems) and the use of assistive

devices (12, 27), the results of other studies show that, for example,

feelings of loneliness and use of mobility aids (walking sticks) were

positively correlated (21). On the other hand, according to a US

study, depressive symptoms of people aged 65 years and older

decreased the likelihood of mobility aids (i.e., walkers) by about

25% while at the same time, the likelihood of personal assistance

was increased (28). Moreover, a cross-sectional Swedish study

found that the number of physical environmental barriers as well as

lack of accessibility (e.g., dependence on mobility aids, functional

limitations, narrow doors, and lack of grab bars) were negatively

related to life satisfaction (29).

Functional health, along with sociodemographic variables, is

the most commonly studied predictor of older adults’ installation

of homemodifications. Previous research classifies a limited level of

physical functioning as a facilitating factor for use of technological

modifications in the home. Several studies show that older adults

with multiple chronic conditions are more likely to use assistive

devices (10, 21, 30).

In addition, a variety of studies provide evidence that

limitations in (instrumental) activities of daily living (IADL/ADL)

are related to a higher likelihood of the implementation of assistive

technology devices in the homes of older adults (10, 12, 20, 27,

31, 32). For example, results of Pressler and Ferraro’s study show

that lower body impairments, in particular, that lead to severe

difficulties in activities of daily living, such as climbing stairs,

significantly predicted the number of assistive devices used (20).

In addition, recent studies indicate that subjectively assessed

poor health is also associated with the implementation of assistive

technology. Data from a Canadian longitudinal study (21) found

that older adults aged 65 years and older with poor perceived

health status increased their use of assistive technology. According

to this study, 60% of women and 50% of men used an assistive

device to support mobility, such as walkers. In contrast, 9% of

women and 8% of men with excellent perceived health status used

assistive devices.

Thus far, there is a significant lack of research examining

the extent to which the use of information and communication

technologies such as the internet can also be transferred to the use

of assistive devices in the home (e.g., alarm buttons). However, it

could be inferred that global confidence in one’s own ICT skills can

also apply to household modifications.

1.2. The interconnection of person,
environment, and household modifications

Theoretically, the environmental press theory by Lawton and

Nahemov (33) is suited to explain the connections between a

person‘s exposure to technology and contextual conditions. The

theory highlights the fit between the individual competences (e.g.,

physical health and cognitive competences) and the environment

(e.g., home, social interactions, and neighborhood) and their

interaction with each other. The level of the person includes

the ability and willingness, while the environment—as a special

but also socially created construct—gives the framework of what

is possible or should be done. A successful balance between

person and environment means that there are no significant

disparities between both levels of individual competences and

environmental demands. Thus, persons are influenced in their

being and thinking by their environment but are also agents for

changing the environment to overcome disparities. In particular,

the theory conceptualizes the influence of the environment on

“wellbeing” in old age or on “aging well”. The authors argue

that the behavior of older people is increasingly determined

or shaped by environmental conditions with age, as declining

resources (physical, cognitive, or social) make it more difficult

to change those conditions or overcome certain barriers (33).

Thus, environmental conditions gain importance for aging

independently and aging in place. “Aging well” means an

adequate fit of resources and environment in an interplay of

its physical, social, and technical characteristics and individual

needs. According to this approach, the situation can become

imbalanced by an increasing need for care, when own resources

and activities of daily living contrast with the circumstances in the

environment, and individuals are not able to compensate or modify

the situation.

Hence, the environment may influence the vulnerability of

personal wellbeing and health if, for example, there are physical

barriers or infrastructural deficits. However, it can also strengthen

health and wellbeing in old age if, for example, technical or social

support can compensate for age-related impairments (34, 35).

The use of assistive devices and implementation of technical aids

implies an active adaptation process in order to maintain one’s

own independence and continue to feel “at home” in a balance of

agency (level of action and modification) and belonging (meaning,

identity, and familiarity) (35).

1.3. Research aims

The present study examined the use of well-established assistive

devices and home modifications (e.g., ramps, handrails, automatic

doors, bathroom or kitchen modifications, chair lifts, and alerting

devices) in the households of older adults in Europe by drawing

on representative data from the Survey of Health, Ageing, and
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Retirement in Europe (SHARE), wave 6 (36). Referring to Lawton‘s

and Nahemow‘s (33) concept of person-environment fit, we

explored the contribution of sociodemographic characteristics,

social resources, mental health, health and functional abilities, and

internet usage and computer competence in explaining if home

modifications are installed in the household. Moreover, we aimed

to compare those associations and variance explanations between

older adults in their third age (“young-old”, 65–79 years) and

older adults in their fourth age (“old-old”, 80+) (37, 38). We are

using this distinction between both age groups given that frailty

and functional limitations are statistically more associated with

people aged 80 years and older. At the same time, we are aware

of the heterogeneity and blurred boundaries in the transition from

young-old to old-old.

2. Method

2.1. Data and participants

Data for the present study derive from the sixth wave of

SHARE (Survey of Health, Ageing, and Retirement in Europe), a

longitudinal panel survey including participants from the age of

50 years and older plus their co-residing partners, independent of

age (36, 39–41). The fieldwork of the sixth wave of SHARE was

completed in November 2015. Background information gathered

in former SHARE waves was added by using the easy SHARE

dataset (36, 42). Interviews include questions regarding health,

functional abilities, household composition, economic situation,

work, volunteering, and social or psychological variables. They

are conducted biannually in a variety of European countries. All

participants provided informed consent at the beginning of the

computer-assisted personal interview (CAPI).

We restricted our analyses to those aged 65+ years. In total,

data ofN = 38,553 individuals from 18 countries (Austria, Belgium,

Croatia, Czech Republic, Denmark, Estonia, France, Germany,

Greece, Israel, Italy, Luxemburg, Poland, Portugal, Slovenia, Spain,

Sweden, and Switzerland) were analyzed. Participants‘ age ranged

from 65 to 105 years (M = 74.4 years, SD = 7.1) and 55% were

women. All participants were community-dwelling older adults

and did not live in nursing homes or comparable institutions.

2.2. Study variables

Our target variable implementation of technology-based home

modifications was based on the question, which special features

were present in the homes of participants (i.e., ramps or street

level entrances, handrails, automatic or easy open doors or

gates, bathroom or toilet modifications, kitchen modifications,

chair lifts or stair glides, alerting devices such as button alarms

or detectors, and other modifications). Due to the extremely

skewed distribution (also after log transformation), we decided

to use a dichotomized outcome variable with the values 0 =

no modifications/special features and 1 = modifications/special

features implemented. We included five blocks of predictor

variables (1. background information, 2. social resources, 3. mental

health, 4. health and functional abilities, and 5. internet usage and

computer competence) to estimate the probability of having home

modifications installed.

2.2.1. Background information
As background information, we included gender (0 = male,

1 = female), age, education, and household income (in e). For

education, the country-specific categories were classified according

to the International Standard Classification of Education (ISCED-

97) and recoded into low/medium (ISCED 1 to 4) and high (ISCED

5 and 6).

2.2.2. Social resources
Social resources were captured via four constructs, namely

single household (no = 0, yes = 1), number of children (biological

and non-biological), social network size (0–7), and receiving care

from a child outside the household (no= 0, yes= 1). Social network

size was assessed by asking respondents to name up to seven people

with whom they discuss important things (43).

2.2.3. Mental health
To indicate the mental health of participants, we included

quality of life, assessed via the CASP-12 scale (44) which includes

the domains of control, autonomy, self-realization, and pleasure

(12 items, range 12 to 48, higher scores indicating higher quality of

life). Moreover, depressive symptomswere assessed with the Euro-D

Scale (45) (16 items, range 0–12 = very depressed), and loneliness

using the Three-Item Loneliness Scale (46) (three items, range 3–9,

higher scores indicating higher loneliness).

2.2.4. Health and functional abilities
Seven indicators were used to address health and functional

abilities. We included the body mass index (BMI), self-rated health,

a single item, ranging from poor (=1) to excellent (=5), number

of diseases (e.g., hypertension, cancer, diabetes mellitus, range: 0 to

9), andmaximal grip strength (range 1–98 kg), (47). To describe the

number of limitations with activities of daily living, the ADL index

was included (48). The modified version used in SHARE includes

six activities (49). Thus, scores range from 0 to 6 with higher

scores indicating more difficulties with these activities. To indicate

mobility limitations, respondents could name up to 10 limitations

in everyday activities related to mobility, e.g., walking for 100m or

picking up a small coin from a table. A dichotomous variable was

used, differentiating people with no limitations (=0) from those

with any limitation (=1). Moreover, fear of falling (no= 0, yes= 1)

was included.

2.2.5. Internet usage and computer competence
The last block of predictors included internet usage, namely, if

participants had used the internet at least once during the last 7

days (no= 0, yes= 1), and computer skills on a 5-point Likert scale

which was recoded for our analyses with higher scores indicating

higher self-rates competence (1= poor; 5= excellent).
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TABLE 1 Descriptive statistics for the total sample (65+ years).

Variable M or % SD Range

Background information

Gender (% female) 55.0%

Age 74.4 7.1 65–105

Educationa 18.9%

Household net income (e) 23,828.3 30,049.9 0–2.526,411.0

Social resources

Single household (% yes) 28.0%

Number of children 2.2 1.4 0–19

Social network size 2.6 1.6 0–7

Care from child outside household

(% yes)

24.0%

Mental Health

Quality of Lifeb 36.5 6.5 12–48

Depressive symptomsc 2.6 2.3 0–12

Lonelinessd 4.1 1.5 3–9

Health and functional abilities

Body mass index 27.0 4.5 12–99

Self-rated healthe 2.6 1.0 1–5

Number of chronic diseases 1.5 1.3 0–9

Maximal grip strength 30.4 10.9 1–98

Activities of daily living (ADL)f 0.36 0.9 0–5

Mobility limitations (% yes) 60.2%

Fear of falling (% yes) 18.3%

IT usage and competence

Internet usage (% yes) 33.8%

Computer skillsg 2.2 1.3 1–6

N= 38,553.
aProportion with higher education (ISCED 5, 6); bCASP-12 scale, higher scores indicate

higher quality of life; cEURO-D scale, higher scores indicate higher depression; dThree-

Item Loneliness Scale, higher scores indicate higher loneliness; ehigher scores indicate better

health; fADL index, higher scores indicate more difficulties with ADL; ghigher scores indicate

better self-rated computer skills.

Descriptive statistics for predictor variables including means,

standard deviations, and range of study variables are provided in

Table 1.

2.3. Statistical analyses

Binomial logistic regression analyses were performed to

determine the effects of background variables, social resources,

mental health, health and functional abilities, and computer

competencies to predict the likelihood of having technical aids and

modifications in the household. Statistical analyses were performed

using SPSS version 27.0.

Key assumptions regarding binomial logistic

regression analyses were met (i.e., linear relationship

using the Box-Tidwell procedure, no outliers, no

multicollinearity or auto-correlation) for the total

sample (65+ years) as well for the analyses of the two

subsamples in the third age (65–79 years) and fourth age

(80+ years).

3. Results

In the total sample (65+ years), 13% of households

had at least one technical modification/special feature

installed. Bathroom or toilet modifications (6%) and

handrails (5%) were the most common modifications.

With regard to age groups, the percentage of having at

least one modification at home was lower in the third age

(65–79 years) with 11% compared to the fourth age (80+)

with 18%.

Logistic regression analyses revealed a variance explanation of

approximately 9.2% (Nagelkerke‘s R²) in the total sample, with a

higher variance explanation (13.3%) for the fourth-age subsample

and only 7.1% among the third-age participants. As expected, the

block containing health variables and functional indicators revealed

the highest contribution in the total sample and both age groups,

followed by social resources.

Odds ratios and confidence intervals for every single predictor

are depicted in Table 2 for the total sample. For example,

with respect to sociodemographic variables, older age and a

higher household net income increased the likelihood of home

modifications, whereas gender was not a relevant predictor. For

the second block which contained social resources, the most

important predictors were social network size, with each additional

person named as a close confidant increasing the likelihood of

implementation by 27% and receiving care from a child outside

the household, which implied a 60% higher chance for home

modifications. Associations for the third block of mental health

resources were lower, with loneliness showing no significant effect

and rather smaller effects on quality of life and depression.

Within the fourth block which comprised health and functional

indicators, higher limitations in activities of daily living, having

mobility limitations, and reporting fear of falling most prominently

increased the likelihood of having (technical) features installed

with increased likelihood between 33% and 44%. Significant but

small effects were found for BMI, health, and grip strength.

Finally, internet usage and higher self-reported computer skills

did increase the odds of home modifications, although the

contribution to the variance explanation of this last block was not

substantial (0.5%).

Comparing the two subsamples, some variables were of

stronger importance in the fourth age (see Table 3), with larger

effects for higher fear of falling (37% higher likelihood in the third

age vs. 59% in the fourth age), having mobility limitations (39% in

third age vs. 66% in fourth age), or lower grip strength, which was

not significant in the younger sample (4% higher likelihood) but

increased the likelihood of having home modifications in the older

sample (15% higher likelihood). On the other hand, internet usage

was only of importance among the young-old but was insignificant

among the old-old.
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TABLE 2 Logistic regression analysis explaining the implementation of

technology-based home modifications for the total sample (65+ years).

Predictor OR 95% CI

Background information

Gendera 0.91 0.81–1.03

Age 1.24 1.19–1.31

Educationb 0.90 0.81–0.99

Household net income 1.14 1.10–1.19

Social resources

Single householdc 0.99 0.91–1.09

Number of children 1.05 1.01–1.10

Social network size 1.27 1.23–1.32

Care from child outside householdc 1.60 1.45–1.76

Mental health

Quality of lifed 1.18 1.12–1.25

Depressive symptomse 1.13 1.07–1.19

Lonelinessf 0.98 0.94–1.03

Health and functional abilities

Body mass index 1.02 1.01–1.03

Self-rated healthg 1.06 1.01–1.12

Number of chronic diseases 1.03 0.99–1.07

Maximal grip strength 0.93 0.88–0.99

Activities of daily living (ADL)h 1.33 1.26–1.40

Mobility limitationsi 1.44 1.31–1.59

Fear of fallingc 1.44 1.30–1.59

IT usage and competence

Internet usagej 1.21 1.07–1.37

Computer skillsk 1.11 1.04–1.18

Model Fit χ2 = 1094.484 (20), p < 0.001,

Nagelkerke‘s R2= 0.092

N= 18,892; Method= Enter. OR, Odds Ratio; CI, Confidence interval.

Significant Odds Ratios in bold (p < 0.05).
a0 = male, 1 = female; b0 = low/medium (ISCED 1–4, 95, 97), 1 = high (ISCED 5, 6); c0 =

no, 1= yes.
dCASP-12 scale, higher scores indicate higher quality of life; eEURO-D scale, higher scores

indicate higher depression; fThree-Item Loneliness Scale, higher scores indicate higher

loneliness; ghigher scores indicate better health; hADL index; higher scores indicate more

difficulties with ADL; iLimitations in mobility, arm function, and fine motor skills, 0 = no,

1 = yes; jInternet use within the last 7 days, 0 = no, 1 = yes; khigher scores indicate better

self-rated computer skills.

4. Discussion

The present study explored associations between individual

characteristics and the implementation of special features or

modifications in the homes of older adults in Europe. Logistic

regression analyses revealed that health variables and functional

abilities, such as limitations in ADL, mobility, and low grip

strength, were important predictors for having respective

modifications at home, which was also the case for social resources,

such as having a larger social network and receiving care from a

child outside the household.

A higher age was predictive of having modifications at home,

which was also found in previous studies (12, 17, 18). For

gender, education, and income, the body of research is more

inconsistent [e.g., (10, 15, 19, 20)]. Gender effects were not found

in our study, which was also reported in the recent release of

the American Housing Survey (50). This can also be due to a

confounding relationship with other study variables that is difficult

to disentangle. For example, women reported significantly lower

education and income, and better social resources (i.e., network

size), but lower functional abilities (e.g., activities of daily living,

mobility impairments) in our sample, and these indicators were,

in turn, predictive for home modification in the one or the other

direction. A higher education reduced the likelihood of home

modifications in our study, but only in the young-old sample.

This direction of association was also reported by Ishigami et al.

(21), but, e.g., not by Meucci et al. (10), and could be due to the

fact that higher education is often associated with better physical

functioning in old age (51), which relates to a lower chance of home

modifications. For participants with higher income, we found a

higher chance of home modifications, which corresponds to some

evidence, e.g., representative samples of noninstitutionalized US

adults aged 65+ years (50, 52), but not to other, equally large studies

(10, 15).

The importance of social resources (i.e., network size, and care

from a child outside the household) that was indicated in the

present study is in accordance with the findings of Ang et al. (25),

Meucci et al. (10), and Peek et al. (23), who all reported evidence

that informal caregivers are initiators of household modifications

in order to facilitate everyday activities and prevent accidents.

Mental health variables could only explain a rather small

share of variance. Based on the results, it could only be partially

confirmed that mental health issues increase the likelihood of using

technical aids in the home. In contrast to some previous studies

(27, 28), persons who reported depressive symptoms were more

likely to use assistive technology. A possible explanation is that this

association is mediated by functional limitations since depression

is associated with poorer health, which in turn is associated with a

higher likelihood of using assistive devices.

Consistent with other studies, our results suggest that assistive

devices are applied in the environment to maintain control and

agency in daily life despite increasing functional limitations,

which in turn maintains a high quality of life and satisfaction

(29, 53). Moreover, fear of falling was a significant predictor of

installing home modifications. This finding suggests that home

safety and avoidance of accidents are important to many older

adults. As functional indicators were highly significant for assistive

device implementation, this could be interpreted as the individual

strategy to adapt to the functional limitations and barriers in

the environment.

The exploratively included factors of internet usage and

computer skills were rather weak predictors in our analyses. In

fourth age, only self-rated skills were slightly associated with the

implementation of home modifications, while in third age, higher

usage and skills were predictive for home modifications. ICT
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TABLE 3 Logistic regression analyses explaining the implementation of technology-based home modifications by age group.

65–79 years (N = 14,852) 80+ years (N = 4,040)

Predictor OR 95% CI OR 95% CI

Background information

Gendera 0.92 0.80–1.06 0.89 0.71–1.11

Age 1.21 1.12–1.31 1.35 1.15–1.58

Educationb 0.88 0.78–0.99 0.93 0.75–1.17

Household net income 1.14 1.10–1.19 1.16 1.04–1.28

Social resources

Single householdc 0.97 0.87–1.08 1.01 0.86–1.20

Number of children 1.03 0.98–1.08 1.10 1.01–1.19

Social network size 1.26 1.20–1.31 1.34 1.23–1.45

Care from child outside householdc 1.65 1.47–1.86 1.49 1.26–1.76

Mental health

Quality of lifed 1.14 1.07–1.22 1.29 1.16–1.44

Depressive symptomse 1.13 1.07–1.20 1.12 1.01–1.24

Lonelinessf 0.99 0.94–1.05 0.97 0.89–1.06

Health and functional abilities

Body mass index 1.01 1.01–1.02 1.04 1.02–1.06

Self-rated healthg 1.04 0.98–1.11 1.13 1.02–1.25

Number of chronic diseases 1.04 0.99–1.09 1.01 0.93–1.09

Maximal grip strengh 0.96 0.90–1.04 0.85 0.74–0.97

Activities of daily living (ADL)h 1.31 1.23–1.41 1.35 1.24–1.47

Mobility limitationsi 1.39 1.24–1.54 1.66 1.33–2.08

Fear of fallingc 1.37 1.20–1.55 1.59 1.34–1.89

IT usage and competence

Internet usagej 1.26 1.10–1.45 1.01 0.75–1.38

Computer skillsk 1.10 1.03–1.18 1.17 1.01–1.36

Model Fit χ2 = 638.40 (20), p < .001 χ2 = 376.55 (20), p < .001

Nagelkerke‘s R2= .071 Nagelkerke’s R2= .133

Method= Enter; OR, Odds Ratio; CI, Confidence interval.

Significant Odds Ratios in bold (p < 0.05).
a0=male, 1= female; b0= low/medium (ISCED 1–4, 95, 97), high (ISCED 5, 6); c0= no, 1= yes.
dCASP-12 scale, higher scores indicate higher quality of life; eEURO-D scale, higher scores indicate higher depression; fThree-Item Loneliness Scale, higher scores indicate higher loneliness;
ghigher scores indicate better health; hADL index, higher scores indicate more difficulties with ADL; iLimitations in mobility, arm function, and fine motor skills, 0= no, 1= yes; jInternet use

within the last 7 days, 0= no, 1= yes; khigher scores indicate better self-rated computer skills.

technologies are predominantly used for information seeking (e.g.,

reading the news), communications with others, or entertainment.

In contrast, modifications in the home (e.g., ramps) serve more

pragmatic purposes. In addition, older adults in our sample rated

their overall computer competence as averagely poor, suggesting

limited variance. Nearly half of those 65 years and older said they

had never used a computer (47%).

4.1. Limitations

Our study has limitations that need to be acknowledged:

the cross-sectional results do not allow causal interpretation

and longitudinal analyses are needed to investigate if changes

in individual characteristics, i.e., decreases in grip strength or

increases in fear of falling, provoke the decision to install home

modifications. Moreover, as the variance explanation was not high

in total, theremight be other factors that are relevant to the decision

to have special features installed. For example, the length of

residence in the respective household might increase the likelihood

of having modifications implemented. The skewed distribution

only allowed for a dichotomized and logistic approach, more

detailed research is needed as well as explorative research among

non-users regarding respective features and potential barriers

toward adoption. As SHARE data only depict the existence of home

modifications, but not actual usage, more fine-tuned assessments
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would provide further insights, i.e., on the frequency of use.

Strengths of the study include the large and representative sample,

the combined consideration of a variety of constructs clustered in

different thematic blocks, and the comparison of two theoretically

derived age groups. In addition, results of previous studies, mainly

from the US or Canada, can be confirmed and transferred to older

adults in Europe.

4.2. Conclusion

Data from Eurostat (2023) shows that the majority of people

aged 65+ years live in their own households (with other persons

or alone) (54). Home modifications bear the potential to enable

aging in place for older people. It was the aim of our study (1)

to analyze to what extent established technical aids and home

modifications (automatically opening doors, ramps, grab bars, age-

appropriate adaptations in bathrooms or kitchens, stair lifts, and

alarm devices) are actually available in the households of older

Europeans and (2) to explore which individual characteristics are

substantially associated with the implementation of modifications

in the household. We conclude that, although causal explanations

are not possible, some findings relate to theoretical assumptions

such as the environmental press theory. The installation of home

modifications can be interpreted as a compensatory strategy that

addresses gaps in the person-environment fit. In the seminal study

of Lawton and Nahemow (33), as well as in later work in the

field of environmental gerontology (35), it is argued that successful

functioning is the result of a balance between the level of challenge

occurring in the close environment and an individual’s abilities to

meet those challenges. The decision of older adults to have home

modifications installed reflects an effort to regain this balance and

is embedded in their personal, social, and physical context.

We perceive our study as a contribution to exploring

the implementation of technology-based home modifications in

Europe. Future research could be designed to uncover the entire

implementation process and expand the effects of various technical

aids on health. Thus, future studies could be able to provide more

scientific knowledge for older adults, but also informal caregivers,

on which aids are particularly effective. In addition, future studies

should examine previously researched mediators and moderators

from health psychology that might impact the implementation

of assistive devices. One potential mediator between functional

limitations and assistive technology devices in the home is

knowledge and information about what modifications are available

and what steps are required to obtain reimbursement. Another

potential mediator variable is accessibility to technical aids and

modifications. There might be a lack of options to acquire certain

assistive devices in rural settings amplified by a lack of internet

access at home. Therefore, future studies regarding aging in place

should examine the extent to which place of residence is related to

assistive technology implementation.

Our analyses may also provide some indications for

interventions in public health, although we emphasize that

home environments are a context of complex and multilayered

interactions (35). The positive associations of social resources and

functional limitations for implementing assistive devices suggest

that facilitating and hindering factors of home modifications

differ among older adults. As social resources were also quite

strongly related to the likelihood of implementing technical aids,

older persons with few social contacts seem more vulnerable

in terms of aging in the community. For socially isolated

individuals, strengthening the social network in the community

can be helpful to encourage social interaction with other persons

who already experience modifications. Other older adults with

functional limitations, e.g., in personal care, will benefit from

assistance in selecting an adequate assistive. At the same time,

public health stakeholders are responsible to provide better and

low-threshold information about the possibilities of household

modifications and to make them financially accessible. Awareness

of these entangled factors is needed in order to provide tailored

support that may facilitate aging in place through the use of

technical aids. Therefore, the article underlines the importance

of public health responses concerning the heterogeneity of

older households.
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Longitudinal associations of
concurrent falls and fear of falling
with functional limitations di�er
by living alone or not

Kehan Liu1†, Wenting Peng1†, Song Ge2, Chunxiao Li1, Yu Zheng1,

Xiaoting Huang1 and Minhui Liu1*

1Xiangya School of Nursing, Central South University, Changsha, China, 2Department of Natural

Sciences, University of Houston-Downtown, Houston, TX, United States

Background: Falls and fear of falling (FOF) are independent risk factors for

functional limitations in older adults. However, the combined e�ect of falls and

FOF on functional limitations and the moderating role of living alone or not is

unclear.We aimed to examine (1) the independent and combined e�ect of falls and

FOFon functional limitations in older adults and (2) whether living alonemoderates

these associations.

Methods: We used data from the National Health and Aging Trends Study (NHATS)

and included 5,950U.S. community-dwelling older adults aged 65 and older from

Round 1 (Year 2011) and Round 2 (Year 2012). Falls and FOF were ascertained by

asking participants whether they had any falls in the last year and whether they had

worried about falling in the previous month at R1. Assessed functional limitations

included any di�culties with mobility, self-care, or household activities at R2.

Poisson regression models were used to examine the longitudinal associations

of falls and FOF with functional limitations and the moderation e�ects of baseline

living alone.

Results: Of the 5,950 participants, 16.3% had falls only; 14.3% had FOF only;

14.3% had both, and 55.1% had neither at baseline. In the adjusted model,

those who experienced concurrent falls and FOF in R1 had a higher risk of

functional limitations at R2 than those with neither (Mobility: Incidence risk

ratio [IRR] = 1.34, 95% CI: 1.24–1.45; Self-care: IRR = 1.18, 95% CI: 1.11–1.26;

Household: IRR = 1.20, 95% CI: 1.11–1.30). Moreover, living alone significantly

moderated the longitudinal associations of concurrent falls and FOF with mobility

activity limitations.

Conclusion: The findings suggest that strategies to improve falls and FOF together

could potentially help prevent functional limitations. Older adults who live with

others and have falls or FOF should receive interventions to promote their

mobility activities.
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falls, fear of falling, functional limitations, living alone, older adults
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1. Introduction

Functional limitations are defined as reduced ability to perform

basic daily activities required to live independently in a community

(1). Approximately 25.7% of US adults have functional limitations

(e.g., mobility, self-care), and more than half of them are 65 years

and older (2). Functional limitations are associated with increased

risk of stress, disability, depression, and mortality in older adults

(3). In addition, the annual healthcare expenditure related to

functional limitations in older adult accounts for 46.3% of the total

U.S. healthcare expenditure (4). Healthcare expenditure is higher

for older adults with functional limitations than those without

(4, 5). Therefore, it is important to identify the modifiable risk

factors for functional limitations in older adults and intervene in

these risk factors.

Falls have many negative health effects, including deteriorating

functional limitations in older adults (6). In the US, about 1.8

million older adults visit emergency departments for nonfatal

fall injuries every year (7). Over 40% of them reported having

functional limitations two months after the fall (8). Fear of falling

(FOF) refers to the unhealthy avoidance of activities due to fear of

falling (9). Findings of the International Mobility in Aging Study (n

= 1,601) suggested that FOF is positively associated with the risk of

functional limitations. Older adults with FOF excessively restricted

their activities over time (10). In a cohort of 864 community-

dwelling older adults in the US, our previous study findings

showed that FOF independently predicted functional limitations

after adjusting for falls and other covariates; and falls independently

predicted functional limitations after adjusting for FOF and other

covariates (11). Falls or FOF have been identified as modifiable risk

factors for functional limitations (12, 13). Increasing evidence has

characterized a bidirectional link between falls and FOF (14, 15).

Specifically, falls in the previous year are a predictor of FOF and

FOF is a predictor of subsequent falls (16). Falls and FOF often co-

occur and are related, and the development of either may trigger

a cascading effect that may increase risk of functional limitations

(17). Considering the complicated association between falls and

FOF, it is important to figure out their independent and combined

effects on functional limitations to improve disability interventions

for maximal impact. However, previous studies only separately

investigated the influence of falls or FOF on functional limitations

(8, 10, 11, 18, 19), whether falls and FOF combinedly predict

functional limitations remains unclear.

Living alone in later life is often seen as an undesirable state,

as most older adults who live alone are at a higher risk of falls

and FOF (20–22). Studies have found that older adults who lived

alone were 2–2.25 times more likely to fall and even experience

multiple falls (20). A cross-sectional study of over 4,000 older adults

demonstrated that those who lived alone (62.2%) had more FOF

than those who did not live alone (23). Nevertheless, living alone is

not an absolutely negative factor to health (24). There is evidence

that people who lived alone 10 years ago were just as healthy as

those who lived with others (25). Indeed, some studies showed that

older adults who lived alone maintained functional independence

and were less likely to experience functional limitations than those

who did not live alone (26, 27). They monitored their health more

diligently, were more mentally determined, and actively trained

themselves to prevent functional limitations (28). Based on the

above evidence, living alone might predict falls and FOF but

alleviate the risk of functional limitations in older adults. To the

best of our knowledge, the moderating effects of living alone in

the association of falls and FOF on functional limitations have not

been examined.

To address these key evidence gaps, we aimed to examine

(1) whether falls and FOF in the previous year independently

and combinedly predict functional limitations in the following

year in older adults; and (2) whether living alone moderates the

associations of falls and FOF with functional limitations. We

hypothesized that falls and FOF independently and combinedly

predict future functional limitations and living alone moderates

these relationships.

2. Methods

The National Health and Aging Trends Study (NHATS) is an

ongoing longitudinal study of Medicare beneficiaries aged 65 and

older in the United States (29). The first round started in 2011 and

aimed to investigate the disability trends of older adults in late life.

We used the data from Round one (2011) and Round two (2012)

of NHATS for this study. Of the 8,245 participants in Round one,

7,609 lived in the community and completed the sample person

interview. Their response rate in Round two was 80.3% (n= 6,113).

Then, 91 participants residing in nursing homes in Round two

were excluded; 6,022 participants were eligible for further analysis.

A total of 5,950 participants were finally included in the analysis

(5,950 of 6,022; 98.8%) after excluding those with missing values

on the functional limitations at follow-up (31 of 6,022; 0.5%) or

independent variable (falls and FOF) and moderator (living alone)

at baseline (41 of 6,022; 0.7%). Compared to those included in this

analysis, the excluded participants were more likely to be older,

female, and less educated (all P < 0.05). The NHATS study was

approved by the Johns Hopkins University Institutional Review

Board. The current study used publicly available and de-identified

data and was deemed exempt by Xiangya School of Nursing Central

South University.

2.1. Measures

2.1.1. Dependent variable: Functional limitations
Functional limitations were assessed by limitations in three

mobility activities (going outside, getting around inside, and

getting out of bed), four self-care activities (eating, dressing,

toileting, and bathing), and five household activities (laundering,

shopping, cooking, banking, and taking medications). Each activity

was assessed by asking participants whether they performed any

activities with any difficulty, whether they needed help from others,

and whether they used any assistance devices over the last month.

For all activities except getting out of bed, toileting, and eating,

participants were also asked if they did them less frequently than

a year ago.

Consistent with previous studies (11, 30–32), a four-category

hierarchal scale was used to define the level of each activity.

The score of each activity ranged from zero to three. A score of

zero represented no limitations, indicating that participants could
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perform the activity with no difficulty, help, assistance devices,

or reduction in frequency. A score of one represented successful

accommodation, indicating that participants could perform the

activity less frequently or with assistance devices but with no

difficulty or help. A score of two represented difficulty meaning

that participants had difficulty performing the activity but did

not receive assistance. A score of three represented assistance,

indicating that participants performed the activity with others’ help

or did not perform the activity. Therefore, the mobility score (with

three questions) ranged from zero to nine. The self-care score (with

four questions) ranged from zero to 12. The household score (with

five questions) ranged from zero to 15. A higher score indicated

more functional limitations.

2.1.2. Independent variables: Falls and FOF
Falls were measured by the question-“have you fallen down

over the last 12 months?” FOF was measured by the question-

“did you worry about falling down in the last month?” Based on

their response, the participants were classified into four categories-

neither (neither falls nor FOF), falls only (had falls but not FOF),

FOF only (had FOF but not falls), and both (had both falls

and FOF).

2.1.3. Covariates
Demographic covariates included age (65–79 or over 80), sex

(female or male), race/ethnicity (White, Black, Hispanic, or others),

education (less than high school, high school, or higher than

high school), and living alone (yes/no). Health-related covariates

included obesity [body mass index (BMI) ≥30 kg/m², yes or no],

depressive symptoms (yes or no), anxiety (yes or no), pain (yes

or no), visual impairment (yes or no), hospitalization in the last

12 months (yes or no), dementia status (yes or no), number of

chronic diseases (no diseases, 1–3 diseases, or ≥4 diseases) and

Short Physical Performance Battery (SPPB).

Living alone was assessed by current living arrangement. Those

who were not living with spouse/partner/others were regarded as

living alone. Depressive symptoms were measured by the Patient

Health Questionnaire-2 (33) and a score of 3 or higher indicated

depressive symptoms. Anxiety was measured by the Generalized

Anxiety Disorder-2 (33) and a score of 3 or higher indicated

anxiety. Pain was measured by the question, “whether you have

been bothered by pain in the last month?” Visual impairment was

determined by the question, “whether you were blind or unable

to see well enough to recognize people across the street or read

newspaper print?” Dementia status was assessed by participants’

self-reported medical diagnosis of dementia or Alzheimer’s disease.

Number of chronic diseases was estimated from the total count of

chronic diseases, including arthritis, cancer, diabetes, heart attack,

heart disease, hypertension, lung disease, osteoporosis, and stroke.

SPPB consisted of a balance stand test (hold side-by-side, semi-

tandem, or full tandem stances for 10 seconds), a walking speed

test (walk 3m at normal speed for two trials), and a repeated chair

stand test (repeat the sit-to-stand five times as fast as possible with

arms folded across the chests). The score of each test ranged from 0

(worst) to 4 (best). The score of SPPB ranged from 0 to twelve, with

a higher score indicating better physical performance in the lower

extremities (17, 34).

2.2. Statistical analysis

Frequencies and percentages were used to describe participants’

baseline demographic and health information. Chi-squared tests

were used to compare the demographic and health-related

differences among the four groups (neither, falls only, FOF only,

and both). Three Poisson regression models were constructed

to examine whether falls and FOF (independent variable)

independently and combinedly predict the three outcomes

(mobility, self-care, and household limitations). An interaction

term between living alone and falls and FOF was then entered

into the three models to test the moderating effect. Additionally,

stratified analyses were performed to determine the differential

magnitude of the relationships between falls and FOF on functional

limitations. All models accounted for the sociodemographic

factors, health-related factors and outcome of interest at baseline.

Both incidence rate ratio (IRR) and 95% confidence intervals

(CI) were reported. To account for missing data, we performed

multiple imputation by chained equations (35). The IRR from ten

imputed data sets was combined based on Rubin’s rule. In our

study, all the Poisson regressions were examined using imputed

data. A P < 0.05 indicated statistical significance. All analyses

were conducted using STATA SE version 15.0 (College Station, TX:

StataCorp LP).

3. Results

3.1. Participants’ characteristics

Table 1 presented the demographic and health information of

the participants. Most participants were 65–79 years old (60.7%),

female (58.2%), white (69.0%), and completed higher than high

school education (46.8%). Approximately 16.3% of them reported

falls only; 14.3% reported FOF only; 14.3% reported both; 55.1%

reported neither. Compared to neither, falls only, FOF only, and

both were older, less educated, more obese, more depressed, more

anxious, more likely to be female and white, and more likely to

have pain, visual impairment, hospitalization, dementia, chronic

diseases and lower SPPB scores (P< 0.001). In terms of living alone,

compared to neither, FOF only and both were less likely to live

alone (69.1% [neither], 61.7% [FOF only], and 61.5% [Both]). Falls

only and neither have similar percentages of older adults not living

alone (69.1% [neither] versa 69.8% [falls only]).

3.2. Falls and FOF independently and
combinedly predicted functional limitations

Figure 1 depicted the longitudinal association of functional

limitations with falls and FOF after adjusting baseline

sociodemographic and health-related covariates and the outcomes

of interest. Compared to neither, both, falls only and FOF only had
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TABLE 1 Baseline sample characteristics by baseline falls and FOF status, n (%).

Characteristics Overall, n =
5,950 (100.0)

Neither, n =
3,276 (55.1)

Falls only, n
= 970 (16.3)

FOF only, n
= 852 (14.3)

Both, n =
852 (14.3)

P-value

Age

65–79 years 3,611 (60.7) 2,179 (66.5) 590 (60.8) 431 (50.6) 411 (48.2) <0.001

80+ years 2,339 (39.3) 1,097 (33.5) 380 (39.2) 421 (49.4) 441 (51.8)

Sex, n (%)

Female 3,461 (58.2) 1,736 (53.0) 557 (57.4) 599 (70.3) 569 (66.8) <0.001

Male 2,489 (41.8) 1,540 (47.0) 413 (42.6) 253 (29.7) 283 (33.2)

Race/ethnicity

White 4,107 (69.0) 2,203 (67.3) 708 (73.0) 594 (69.7) 602 (70.7) <0.001

Black 1,284 (21.6) 770 (23.5) 191 (19.7) 160 (18.8) 163 (19.1)

Hispanic 346 (5.8) 170 (5.2) 43 (4.4) 66 (7.6) 67 (7.9)

Other 213 (3.6) 133 (4.1) 28 (2.9) 32 (3.8) 20 (2.4)

Education

Less than high school 1,538 (26.1) 790 (24.3) 256 (26.6) 224 (26.5) 268 (31.7) <0.001

High school 1,600 (27.1) 874 (26.9) 251 (26.1) 256 (30.3) 219 (25.9)

Higher than high school 2,762 (46.8) 1,583 (48.8) 456 (47.4) 364 (43.1) 359 (42.4)

Living alone

No 3,992 (67.1) 2,265 (69.1) 667 (69.8) 526 (61.7) 524 (61.5) <0.001

Yes 1,958 (32.9) 1,011 (30.9) 293 (30.2) 326 (38.3) 328 (38.5)

Obesity

No (<30 kg/m2) 4,177 (72.5) 2,385 (75.0) 699 (73.9) 548 (66.4) 545 (67.3) <0.001

Yes (≥30 kg/m2) 1,586 (27.5) 797 (25.0) 247 (26.1) 277 (33.6) 265 (32.7)

Depressive symptom

No 5,032 (85.2) 2,944 (90.4) 822 (85.2) 684 (80.9) 582 (69.0) <0.001

Yes 877 (14.8) 312 (9.6) 143 (14.8) 161 (19.1) 262 (31.0)

Anxiety symptom

No 5,183 (87.4) 3,046 (93.3) 868 (89.9) 684 (80.5) 585 (69.0) <0.001

Yes 745 (12.6) 218 (6.7) 98 (10.1) 166 (19.5) 263 (31.0)

Pain

No 2,734 (46.0) 1,851 (56.5) 392 (40.4) 274 (31.2) 217 (25.5) <0.001

Yes 3,214 (54.0) 1,423 (43.5) 578 (59.6) 578 (67.8) 635 (74.5)

Visual impairment

No 5,339 (90.1) 3,049 (93.4) 870 (89.9) 753 (88.6) 667 (78.9) <0.001

Yes 589 (9.9) 216 (6.6) 98 (10.1) 97 (11.4) 178 (21.1)

Hospitalization

No 4,601 (77.4) 2,694 (82.3) 715 (73.8) 651 (76.4) 541 (63.7) <0.001

Yes 1,343 (22.6) 579 (17.7) 254 (26.2) 201 (23.6) 309 (36.4)

Dementia

No 5,664 (95.2) 3,180 (97.1) 910 (94.0) 803 (94.3) 771 (90.5) <0.001

Yes 283 (4.8) 95 (2.9) 58 (6.0) 49 (5.8) 81 (9.5)

Number of chronic diseases

No diseases 523 (8.8) 384 (11.7) 77 (7.9) 42 (4.9) 20 (2.4) <0.001

1–3 diseases 3,918 (65.9) 2,230 (70.8) 627 (64.6) 513 (60.2) 458 (53.8)

≥4 diseases 1,509 (25.4) 572 (17.5) 266 (27.4) 297 (34.9) 374 (43.9)

SPPB Score (0–12) 6.25± 3.36 7.13± 3.12 6.25± 3.38 5.07± 3.06 3.85± 3.03 <0.001

FOF, fear of falling; SPPB, Short Physical Performance Battery.
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FIGURE 1

Forest plot depicting fully adjusted Poisson regression analysis of baseline falls and FOF status on functional limitations at R2. Models adjusted for

sociodemographic factors (age, sex, race/ethnicity, education) and health-related factors (obesity, depressive symptoms, anxiety symptoms,

bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and outcome

of interest at baseline. FOF, fear of falling; IRR, incidence rate ratio; CI, confidence interval.

increased risks of mobility activities limitations, self-care activities

limitations and household activities limitations.

3.3. Living alone moderated the
longitudinal associations of falls and FOF
with functional limitations

Table 2 presented the results of the three adjusted Poisson

regressions, which examined whether living alone moderated the

longitudinal relationship between combined falls and FOF and

functional limitations. Living alone moderated the longitudinal

associations of falls and FOF with mobility limitations (Pinteraction
< 0.01). In contrast, no moderation effect was observed in self-care

and household activities limitations, indicating that living alone did

not moderate the longitudinal associations of falls and FOF with

self-care and household activities limitations.

Based on the stratified analysis of living alone (Figure 2),

compared to neither, falls only did not statistically significantly

predict mobility (IRR = 1.12, 95% CI = 0.99–1.28, P = 0.08), self-

care (IRR = 1.06, 95% CI = 0.95–1.19, P = 0.30), and household

activities (IRR= 1.04, 95% CI= 0.96–1.13, P= 0.31) limitations in

older adults who lived alone. However, among those who did not

live alone, falls only was associated with a higher risk of functional

limitations, with an IRR of 1.37 for mobility (95% CI= 1.24–1.52),

1.22 for self-care (95% CI = 1.12-1.33), and 1.16 for household

(95% CI = 1.10–1.23) (all P < 0.05). Among those who lived alone

or not, both and FOF only were at a higher risk of mobility, self-care

and household activities limitations than neither (all P < 0.05).

4. Discussion

To our knowledge, this longitudinal study is the first one to

simultaneously investigate the independent and combined effect of

falls and FOF on functional limitations (including mobility, self-

care, and household activities limitations) as well as whether living

alone moderated these effects using a nationally representative

sample of community-dwelling older adults in the US. The findings

suggested that falls and FOF independently and combinedly

predicted functional limitations and that living alone moderated

the longitudinal associations of falls and FOF with mobility

activities limitations. Our findings highlighted that we should

identify older adults with falls or FOF who do not live alone and

develop targeted interventions to prevent functional limitations.

Our study confirmed previous findings that falls and FOF

independently predicted functional limitations and further

demonstrated the combined effect of the two on functional

limitations. Previous studies have only investigated the

independent predictive roles of falls and FOF (10, 13, 36–38)

and found a strong independent association between falls and

functional limitations in older adults, especially for those who

experience multiple falls and fall injuries (13, 36, 38). FOF is

also an important risk factor for functional limitations (37).

Two longitudinal studies found that older adults with FOF had

significantly reduced functions (10, 39). A long duration of FOF
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TABLE 2 Fully adjusted Poisson regression examining the association of living alone and concurrent falls and FOF at baseline with functional limitations

outcomes at follow-up.

Mobilitya Self-careb Householdc

IRR (95% CI) P-value IRR (95%
CI)

P-value IRR (95% CI) P-value

Falls and FOF

Neither 1.00 [Ref] NA 1.00 [Ref] NA 1.00 [Ref] NA

Falls only 1.38 (1.24–1.52) <0.001 1.21

(1.11–1.32)

<0.001 1.23 (1.11–1.38) <0.001

FOF only 1.36 (1.23–1.50) <0.001 1.21

(1.11–1.31)

<0.001 1.38 (1.23–1.54) <0.001

Both 1.43 (1.31–1.57) <0.001 1.18

(1.08–1.28)

<0.001 1.40 (1.26–1.56) <0.001

Living alone

No 1.00 [Ref] NA 1.00 [Ref] NA 1.00 [Ref] NA

Yes 1.10 (1.00–1.22) 0.056 1.01

(0.93–1.09)

0.898 1.10 (0.98–1.23) 0.102

Falls and FOF × Living alone

Neither× Living alone 1.00 [Ref] NA 1.00 [Ref] NA 1.00 [Ref] NA

Falls only× Living alone 0.82 (0.70–0.96) 0.013 0.89

(0.77–1.02)

0.092 0.92 (0.78–1.09) 0.346

FOF only× Living alone 0.96 (0.82–1.11) 0.199 0.96

(0.84–1.10)

0.561 0.94 (0.81–1.10) 0.443

Both× Living alone 0.84 (0.73–0.96) 0.010 1.01

(0.90–1.14)

0.843 0.92 (0.79–1.06) 0.242

FOF, fear of falling; IRR, incidence rate ratio; CI, confidence interval. aAdjusted for sociodemographic factors (age, sex, race/ethnicity, education), health-related factors (obesity, depressive

symptoms, anxiety symptoms, bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and mobility activity

limitation level at baseline. bAdjusted for sociodemographic factors, health-related factors, and self-care activity limitation level at baseline. cAdjusted for sociodemographic factors,

health-related factors, and household activities limitation level at baseline. Bold values means that the number is statistically significant.

FIGURE 2

Association of baseline falls and FOF status and follow-up functional limitations stratified by living arrangement. Models adjusted for

sociodemographic factors (age, sex, race/ethnicity, education) and health-related factors (obesity, depressive symptoms, anxiety symptoms,

bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and outcome

of interest at baseline. FOF, fear of falling; IRR, incidence rate ratio.

was associated with a higher risk of decreased activities of daily

living (ADL) (10, 40). Older adults with FOF are cautious in

performing activities, thereby further reducing their active time

(12). Previous studies demonstrated that self-limiting behaviors

led to physical deterioration and increased the risk of functional

limitations (12, 41), which could explain why FOF causes functional

limitations. Furthermore, with the complex causal relationship

between falls and FOF (14) the focus of our study was to examine
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the combined effect of falls and FOF on functional limitations.

Individuals who have fallen may subsequently develop FOF, which

has been shown to be a direct consequence of falls. Individuals who

fell might also experience previous FOF, suggesting it was a risk

factor for falls (16). It is reasonable that poor fitness levels resulting

from persistent FOF not only develop functional limitations but

also increase the likelihood of future falls, which may reinforce the

association of FOF with functional limitations. Similarly, in older

adults with a history of falls, FOF also strengthened the predictive

role of falls on functional limitations (14, 23). Therefore, it is not

surprising that in our study, older adults with concurrent falls

and FOF are at higher risks of functional limitations compared

to neither.

We found that living alone moderated the association of

combined effect of falls and FOFwithmobility activities limitations.

Among the two groups of older adults in our study (fall only and

both), those who lived with others have a higher risk of mobility

limitation than those who lived alone. The results of falls only

showed that the risk of mobility limitations was not significant

in older adults who lived alone. To date, only few studies have

investigated the relationship between living alone, falls, FOF, and

mobility (42, 43). In general, living alone has an impact on the

frequency of falls and the occurrence of FOF in older adults

(20, 44). One possible explanation is that older adults who live

alone are more likely to receive less social support and thus are

more likely to feel lonely and isolated, thereby increasing their risk

of falls and FOF (45, 46). However, not all older adults who live

alone experience loneliness or social isolation. Living alone has

been demonstrated to provide some protection against functional

limitations in older adults (47). A longitudinal study found that

older adults living with others hadmore limitedmobility than those

who lived alone (48) because living alone to some extent forces

older adults to learn to maintain a high degree of independence and

self-management, a phenomenon called “biologically conditioned

reflex” (49). If older adults have someone else to rely on, they may

give up some opportunities of performing independent activities

more easily, resulting in increased functional limitations (50). In

this study, living alone reduced the risk of functional limitations in

older adults with falls and FOF. Moreover, the choice to live alone

could be explained by economic and cultural factors (24). Older

adults with greater cultural fit and financial resources are more

likely to live alone and have more independence and confidence,

which may help them overcome mobility restrictions due to falls

and/or FOF.

This study has important implications for research, practice,

and policy on the prevention and management of functional

limitations in older adults. Recognizing the combined effect

of previous falls and FOF on functional limitations, clinicians

should regularly examine patients with both falls and FOF on

their risk of developing functional limitations. Additionally, the

moderating role of living alone found in the study calls for

particular attention to developing functional limitations prevention

interventions for older adults with falls and FOF tailored to

their living arrangement (living alone or not). This has important

implications for policymakers, clinicians, and family members.

Several limitations of this study should be noted. First, the

reliability and validity of measuring FOF by asking participants if

they were worried about falling in the last month remain unknown.

Second, measures of falls are through retrospective self-report and

may suffer from recall bias and reporting errors. For older adults,

the one-year fall recall window may be too long. They may only

remember their injured falls. Third, the covariates we identified

were limited to those collected from the NHATS database, and

thus residual confounding may exist. Fourth, our study could not

provide causal inference despite with longitudinal study design.

However, the study has undeniable strengths. We used nationally

representative longitudinal data to examine the temporal impact

of falls and FOF on functional limitations. We also innovatively

explored the moderating effects of living alone (yes/no) and

adjusted a comprehensive list of covariates.

5. Conclusions

Our study found the independent and combined effect of falls

and FOF on functional limitations and the moderating role of

living alone. While making efforts to prevent falls and FOF in older

adults, the government, clinicians, and caregivers should consider

the social background to help older adults prevent and manage

functional limitations.
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Introduction: Older people spend a lot of time at home and in the area near 
where they live. Housing conditions ensure their ability to participate in social life, 
especially when they suffer from mobility restrictions. Barrier-free access to the 
residence and to rooms within the residence is a key condition for their everyday 
mobility. As a result, this is what we define as minimal criteria for barrier-reduced 
residences. This article examines the extent to which people aged 65 and over 
(including people with mobility issues) live in barrier-reduced housing and what 
factors influence the chance of living in such residences.

Data and method: Cross-sectional data from the German Ageing Survey 
(DEAS) 2020/21 (persons aged 65 and over, n = 2,854) were used. The DEAS is 
a representative cross-sectional and longitudinal survey of the population aged 
40 and over in Germany. In our analyses, we used logistic regression models to 
investigate the probability of living in a barrier-reduced residence. We  defined 
housing as barrier-reduced when the apartment/house and the rooms inside it 
can be  reached without steps or stairs. As explanatory variable, we considered 
mobility restrictions, defined as limited ability to climb a flight of stairs. In addition, 
the model includes other individual factors (age, gender, equivalized household 
income), regional factors (living in East vs. West Germany, in urban vs. rural region) 
and moving to the current residence after the age of 65.

Results and discussion: Of all individuals aged 65 or older, 19.3 percent live in a 
barrier-reduced residence. Also, of mobility-restricted elders, only 21.4 percent 
have such residences. The logistic regression results show that mobility restrictions 
are associated with a higher probability of living in a barrier-reduced residence. 
Compared to the lowest income group, older people in the highest income group 
are more likely to live in barrier-reduced housing. East Germans and people in 
urban areas are less likely to live in a barrier-reduced home. The likelihood of 
barrier-reduced living is higher among seniors who moved into their current 
residence after age 65. No significant differences were found for age groups 
and gender. The findings show that not enough seniors have barrier-reduced 
access to their homes and rooms, even if they suffer from mobility restrictions. 
Preventing functional restrictions must therefore also include improvements in 
the residential environment, especially in disadvantaged residential areas.
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1. Introduction

Most people live in their own private household into their old age. 
Even though the variety of living arrangements in old age has 
increased in recent years, with assisted living and shared apartments, 
for the majority of older people living in their own, private household 
remains the desired form of living and also the reality they live in. 
Even if seniors are functionally limited or require care, they remain in 
their homes (1). Aging in place is the main preference both in German 
households and in other European countries (2). The home is 
increasingly becoming the center of life in old age. With increasing age 
and health problems, older people reduce their radius of action and 
spend more time in their homes and the immediate area (3). At the 
same time, their vulnerability to deficiencies in the home and the 
living environment increases. For older people, the home and its 
environment therefore determine their level of self-determination as 
they age to a significant extent (4).

Barrier-free housing is one aspect of housing quality for people of 
all ages and in all circumstances of life. It also makes daily life easier 
for families with children or younger people with functional 
limitations. Therefore, barrier-free living is not limited to old age, 
though it is especially significant for this phase of life because of the 
frequent age-related health problems. With an aging population and 
the resulting increase in the proportion of older people, the need for 
housing adapted to their specific needs is growing. It should at least 
be available to mobility-restricted older people to enable them to 
live independently.

How did we  define barrier-free housing for our analyses? In 
Germany, there is no uniform, generally binding definition of barrier-
free living. There are different target groups with different accessibility 
needs and different places and spaces with varying possibilities for 
intervention (5). This is reflected in a variety of legal regulations and 
building standards on accessibility.

When it came to defining accessibility, we considered a range of 
factors. Older people are often limited in their ability to climb stairs. 
Even the aids they need for mobility (e.g., walkers) can be a hurdle if 
they have to be transported up multiple flights of stairs. Freedom of 
movement within the home is similar to access to the home. Steps and 
higher thresholds are potential trip and fall hazards, and they make it 
difficult to move with a rollator within the home. For our study, 
accessibility is therefore defined according to two criteria related to 
the accessibility of the residence and the rooms. This can only 
be considered as a minimum standard, so we do not speak of barrier-
free residences in the following, but rather of barrier-reduced 
residences. Our definition of barrier-reduced residences is limited to 
aspects that are essential for everyday mobility, especially for elderly 
with mobility restrictions: step-free access to the dwelling and step-
free access to all rooms in the dwelling (see Data and methodology 
section). This definition of accessibility, which can be measured well 
with survey data, provides a good overview of the situation of barrier-
free housing by minimum criteria.

In this context, it is relevant to investigate who is more likely to 
live in barrier-reduced housing after the age of 65 and whether people 
who are more in need of barrier-reduced living conditions do actually 
have them. Further, in this paper we investigate the role of household 
income in determining adequate housing for groups with special 
needs. In particular, we  want to address the following 
research questions:

 1. How many of those aged 65 and over live in barrier-reduced 
housing, i.e., how many have barrier-free access to the 
residence and the rooms inside it? Is there a matching of need 
and conditions, i.e., do people with special needs (people with 
mobility limitations) live in “suitable” housing?

 2. What factors influence barrier-reduced housing conditions in 
older age? Is income a determinant of barrier-reduced housing? 
Are people with more needs (people with mobility restrictions) 
with low income levels less likely to live in adequate housing 
than people with higher income?

2. Data and methodology

The analyses were conducted using data from the German Ageing 
Survey (DEAS), a representative cross-sectional and longitudinal 
survey of individuals in the second half of life (6). We used data from 
the 2020/21 survey, which took place from November 4, 2020, to 
March 1, 2021. A total of 5,402 individuals aged 46 and over 
participated in the survey. All respondents had participated in the 
survey at least once before. Due to the COVID-19 pandemic, 
individuals were interviewed by telephone. Following the telephone 
interview, respondents were sent a questionnaire that could 
be answered in writing or online. As we want to focus on those who 
spend more time at home and in the neighboring area, and those who 
have higher probabilities of having mobility restrictions, only 
individuals aged 65 or over living in private households were included 
in our analyses (n = 2,854).

To compensate for the disproportionate sampling, data weighting 
was applied (7). For this purpose, marginal adjustments of the sample 
were made to the relative frequency of the characteristic combinations 
of the sample stratification of age group, sex, and part of the country 
in the official population statistics. The weighting factors are used for 
the univariate and bivariate representations.

Accessibility: In our analyses, we  used the accessibility of the 
residence as a dependent variable. Information on the accessibility of 
the residence was requested in the written questionnaire – respondents 
were asked to assess features of their residence, such as access to the 
residence, accessibility of rooms, and other characteristics. The total 
set of potential variables was not used to define the accessibility of the 
residence. The proportion of respondents living in an accessible 
residence according to all criteria recorded in the questionnaire is very 
small. In 2014, according to DEAS data, it was only 2.9 percent of 
people aged 40–85 and 5.6 percent of those aged 70–85 (4). Therefore, 
in order to have a larger sample size available for the analyses on 
accessibility, the dependent variable was defined as a barrier-reduced 
residence, based on minimal criteria. Barrier-reduced housing in this 
sense is coded as 1 when the respondents answered positively that 
their “apartment or house is accessible without steps” and that “within 
the apartment or house, all rooms are accessible without steps,” and is 
coded as 0 when they answered negatively. The following 
characteristics are included as explanatory variables (see Table 1):

Mobility restriction: As described above, we use minimal criteria 
of accessibility, which include barrier-free access to the residence and 
to the rooms in the residence. Therefore, it seems reasonable to 
measure functional limitations of the respondents in daily life with 
barriers at the residence. For this purpose, we measure respondents’ 
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mobility restriction with item 5 (“Climbing a flight of stairs”) from the 
subscale “Physical Functioning” of the 36-item short-form health 
survey (SF-36) (8, 9): “The following questions are about activities 
you might do during a typical day. Does your health now limit you in 
these activities? Are you severely restricted, somewhat restricted or 
not restricted due to your current state of health?” (10). We code in 
1 = “severely restricted” or “somewhat restricted,” and 
0 = “not restricted.”

Age groups: We differentiate age groups of 65–79 and 80 years 
and older.

Gender: We differentiate male and female persons.
Equivalized household income: This variable contains the needs-

adjusted net monthly per capita income of the household. Weighting 
of household size uses the modified OECD equivalent scale that is 
used by Eurostat and the Federal statistical Office (10). This 
information is introduced in the form of quintiles.

Region: We  differentiate between West Germany and 
East Germany.

Regional typology: We  differentiate rural and urban areas of 
living, and use information on the urban–rural type of district based 
on structural characteristics of the settlements (see (10)). Four district 
types are defined: “metropolitan districts,” “urban districts” (both 
combined and coded by us as “urban”), “(partially) densely populated 
rural districts” and “sparsely populated rural districts” (both combined 
and coded by us as “rural”).

Moving after age 65: We  use the information from the 
questionnaire about how long the respondent has lived in the current 
residence and their age to calculate whether or not the person moved 
into this residence after age 65.

Table 1 shows that 19.3 percent of individuals aged 65 or older in 
Germany live in barrier-reduced housing. That is, only about one in 
five at this age can get into the dwelling and rooms inside it without 
having to climb steps. Some 80.7 percent therefore do not have 
barrier-free access to their dwelling and rooms.

Almost 33 percent are 80 years old or above, and about 20 percent 
live in East Germany. Most individuals live in an urban area (64 
percent). Finally, only around 15 percent moved house after age 65, 
which confirms the preference of aging in place.

The probability of living in a barrier-reduced residence is 
estimated using multivariate logistic regression analysis with a binary 
dependent variable (Respondent lives in a barrier-reduced dwelling 
yes/no).

3. Results

3.1. Descriptive results

First, we bivariately examined the distribution of over-65 s living 
in barrier-reduced residences by sociodemographic and regional 
variables for those individuals with and without mobility restrictions.

What Figure 1 shows is that only a small percentage of people – 
both with and without mobility problems – live in barrier-reduced 
residences (21.4 and 18.6 percent respectively). However, differences 
between the two groups are small, meaning that the overall level of 
barrier-reduced housing in Germany is low. In addition, considering 
that older people who are still mobile at present may also develop 
limitations in the course of the next few years, the need for barrier-
reduced housing will increase.

Men with mobility restrictions more often (26 percent) live in 
suitable housing than women with mobility restrictions (19 percent). 
We do not observe large differences between urban and rural areas for 
people with mobility restrictions, but we do see differences in the case 
of people without mobility restrictions. People living in rural areas 
more often live in a barrier-reduced residence than those in 
urban areas.

Income seems to be relevant for the accessibility of appropriate 
housing for people with mobility restrictions. We observe in Figure 1 
that people in the upper income quintile more often live in barrier-
reduced houses than people in the middle or lower quintiles. About 
31 percent of people in the fifth income quintile (highest incomes) 
with mobility restrictions live in an adequate residence, while this is 
only the case for 12 percent of people in the poorest quintile. We do 
not observe this strong income effect on the group of people without 
mobility restrictions.

TABLE 1 Sample characteristics of participants (n, %).

n %

Lives in barrier-reduced residence

No 2,263 80.7

Yes 540 19.3

Mobility restriction

Not restricted 2,132 74.8

(Severely) Restricted 718 25.2

Age group

65–79 1,925 67.4

80 + 929 32.6

Gender

Male 1,294 45.3

Female 1,560 54.7

Equivalized household income

Quintile 1 - lowest 683 24.9

Quintile 2 524 19.1

Quintile 3 500 18.2

Quintile 4 558 20.3

Quintile 5 - highest 480 17.5

Region

West Germany 2,272 79.6

East Germany 582 20.4

Regional typology

Rural 1,025 35.9

Urban 1,829 64.1

Moving after age 65

No 2,435 85.3

Yes 419 14.7

Source: DEAS 2020/21. Weighted number of cases and weighted frequencies.
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Finally, we observe that people who moved after the age of 65 
more often live in barrier-reduced residences. This is particularly the 
case in the group of people without mobility restrictions. In this case, 
45 percent of the individuals who moved late in life live in a barrier-
reduced home, while this is only the case for 15 percent of those who 
had not moved house. We also observe this effect among people with 
mobility restrictions, but to a lesser degree. While 25 percent of those 
who moved in later life live in an adequate home, this is only the case 
for 20 percent of those who had not moved.

3.2. Multivariate results

By means of a multivariate logistic regression analysis (see 
Table 2), we examined how individual characteristics are related to 
living in a barrier-reduced residence. These relationships can provide 
initial indications of which factors influence barrier-reduced housing 
in older age. In a stepwise model, we successively introduced mobility 
restrictions, sociodemographic factors, and regional factors, or the 
variable indicating whether someone has moved in old age, into 
the analysis.

In the first model, only mobility impairments are considered. The 
probability of mobility-restricted seniors living in a barrier-reduced 
residence is 8.2 percentage points higher than for seniors without 

mobility restrictions, so this health condition is an important factor in 
barrier-reduced housing.

Sociodemographic variables (age, gender, household income) are 
included in the second model. In comparison to those aged 
65–79 years, the probability of living in barrier-reduced housing is 4.5 
percentage points higher among people over 80. Older people who 
belong to the quintile with the highest income are 7.4 percentage 
points more likely to live in such a dwelling than the people in the 
poorest quintile. Controlled for age, gender, and household income, 
the proportion of mobility-restricted seniors living in barrier-reduced 
housing is 7.1 percentage points higher than in those without 
mobility restrictions.

In a last step (model 3), region, regional typology and the variable 
indicating whether the individuals had moved after the age of 65 are 
included in the analysis. The results of this model are:

Mobility restriction: A mobility restriction, measured by the 
restricted ability to climb a flight of stairs, has a positive effect on the 
likelihood of living in a barrier-reduced residence. Respondents who 
can manage a flight of stairs only with restrictions or even severe 
restrictions have a 5.8 percentage point higher proportion of barrier-
reduced housing.

Sociodemographic characteristics: Belonging to the oldest age 
group (over 80s) has no significant statistical effect on the probability 
of living in a barrier-reduced residence after controlling for the other 

FIGURE 1

Proportions of persons with or without mobility-restriction who (do not) live in a barrier-reduced residence (%). Source: DEAS 2020/21 (n = 2,800). 
Weighted frequencies.
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characteristics considered in the model. This initially surprising 
finding suggests that the very old are not more likely to live in such 
residences than the less elderly. This means that very old age is not 
necessarily linked to barrier-reduced housing, but other factors, which 
are closely linked to old age, favor such housing.

Gender also has no statistically significant relationship to 
barrier-reduced housing in our results. This result might 
be explained by the fact that a large proportion of those over 65 live 
together as a couple in the same residence, making it difficult to 
isolate the gender effect.

There is some evidence in the literature that the economic 
situation of seniors may also influence how often they live in barrier-
reduced housing conditions. To measure the economic situation of the 
respondents, we used the equivalized household income in quintiles 
as an indicator. After controlling for other variables, our results show 
a statistically significant effect of the income quintiles on the 
prevalence of barrier-reduced housing. Compared to the lowest 
income quintile, respondents in the highest income quintile have a 5.8 
percentage point higher chance of living in barrier-reduced housing. 
However, we do not observe this effect for the other income quintiles. 
Only large income differences seem to influence the chance of barrier-
reduced housing.

Region and regional typology: Respondents in East Germany are 
4.4 percentage points less likely to live in a barrier-reduced residence 
than respondents in West Germany, even after controlling for mobility 
restrictions and sociodemographic variables. Living in urban areas 

reduces the chance of barrier-reduced housing by 3.2 percentage 
points compared to living in a rural area.

Moving after age 65: Moving after age 65 has a large positive effect 
on the likelihood of living in a barrier-reduced apartment. Those who 
moved to their current home after age 65 are 23.3 percentage points 
more likely to live in barrier-reduced housing than seniors who 
did not.

We also included the interaction effect between quintile of 
household income and mobility restrictions in the model to test 
whether people with higher incomes and restricted mobility are more 
likely to live in barrier-reduced housing than people with lower 
incomes and restricted mobility. In our model (results are not shown), 
such an interaction has no significant effect. Further we have tested 
the assumption that higher-income seniors are more likely to move at 
older ages than low-income seniors. This interaction between moves 
and income was also not significant in the model.

4. Discussion

4.1. Most older and mobility-restricted 
people in Germany do not live in 
barrier-reduced housing

We directed our analyses to barrier-reduced housing for 
individuals aged 65 or older in Germany, with a special focus on 
people with mobility restrictions. One main finding is that there is not 
enough barrier-reduced housing. This is true even based on our 
minimum criteria, which only include barrier-free access to the 
residence and the rooms within it. Only 19.3 percent of all over-65 s 
live in barrier-reduced conditions, meaning over 80 percent do not. 
Even among the very old over 80, only 21.3 percent are provided with 
barrier-reduced residences. This percentage can be assessed as very 
low, considering the importance of mobility in the residence and in its 
surrounding area for this age group. Even more serious is that only 
21.3 percent of those aged 65 or older with difficulties climbing stairs 
live in a barrier-reduced residence. Our findings are consistent with 
earlier studies that showed only about 3 percent of all 40 to 85-year-
olds had barrier-free housing (4). Barrier reduction in the home is not 
the only prerequisite for successful aging in place. As another essential 
aspect of housing in old age, technical support and its acceptance 
should be mentioned here (11).

4.2. Advanced age alone is not a key 
indicator for barrier-reduced housing – 
mobility restrictions have a significant 
impact

The results of our multivariate analysis show that, when controlled 
for other characteristics, advanced age of over 80 years does not 
determine whether seniors live in barrier-reduced housing or not. 
Other variables such as the existence of health problems, measured as 
whether someone suffers mild or severe mobility restrictions, increase 
the probability of living in barrier-reduced housing (by 5.8 percentage 
points). This implies that people with more needs are more likely to 
live in appropriate housing. However, as the descriptive results show, 
the percentage is still very low. According to the descriptive results, 

TABLE 2 Determinants of living in a barrier-reduced residence among 
those 65 or older.

Model 1 Model 2 Model 3

Marginal Effects

Mobility restriction (ref. not restricted)

(Severely) Restricted 0.082*** 0.071*** 0.058***

Age group (ref. 65–79)

80 + 0.045*** 0.013

Gender (ref. male)

Female −0.020 −0.021

Equivalized household income (ref. Quintile 1 - lowest)

Quintile 2 0.032 0.029

Quintile 3 0.030 0.025

Quintile 4 0.033 0.029

Quintile 5 - highest 0.074*** 0.058***

Region (ref. West Germany)

East Germany −0.044***

Regional typology (ref. rural)

Urban −0.032**

Moving after age 65 (ref. no)

Yes 0.232***

Pseudo-R2 0.0076 0.0145 0.0583

Observations 2,832 2,731 2,731

Source: DEAS 2020/21 (n = 2,832 − 2,731). Binary logit regression analysis. Dependent 
variable: Living in a barrier-reduced residence (0 = no, 1 = yes). ***p < 0.01 (significance). 
**p < 0.05 (significance).
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individuals aged 80 or over are also more likely to live in barrier-
reduced housing than the younger age group of individuals aged 
between 65 and 79. However, the moment we also control for mobility 
problems, the effect is not statistically significant anymore, as age and 
mobility restrictions are highly correlated.

4.3. High income is positively related to 
barrier-reduced housing

We could see in the bivariate analyses that mobility-impaired 
seniors in the higher income quintiles were more likely to live in 
barrier-reduced housing than those in the lower quintile. We also see 
in the multivariate model that people with high incomes live more 
often in barrier-reduced houses, but only in comparison to the lowest 
income quintile. Factors influencing barrier-reduced housing such as 
moving may overlay the income effect in the middle income groups. 
Such factors may also be socially unevenly distributed, but we cannot 
measure this in the model.

4.4. Less barrier-reduced housing in East 
Germany

In addition, our results show that regional characteristics also play 
a role. Older people in East Germany are less likely to live in barrier-
reduced housing than older people in West Germany. It seems that 
there is less availability of barrier-reduced housing in East rather than 
West Germany. With these regional differences, it can be assumed that 
the income differences between East and West Germany play a role. It 
can also be assumed that residential buildings in East Germany are 
older on average than in West Germany and that this fact favors 
differences in barrier-free living. Other differences between both 
regions such as lower homeownership rates in East Germany or 
differences in the structural types of houses may also explain 
such differences.

4.5. Those moving in older age could have 
an advantage in barrier-reduced housing

Our analyses also show that moving in old age is correlated with 
barrier-reduced housing in old age. In these cases, there is a high 
probability that housing is adapted to the needs elderly people have 
when they move. This finding suggests that people moving at older 
ages are often motivated by changing to more appropriate (in terms of 
accessibility) housing. Indeed, moving after age 65 has the strongest 
impact on the likelihood of living in a barrier-reduced residence.

Our findings are consistent with previous findings that proved the 
role of long periods of residence in old age. Höpflinger (12) speaks of 
double aging in the case of a long period of residence – the aging of 
the people themselves and the aging of their home. He notes that, with 
a long period of residence, the dwelling and neighborhood take on a 
high affective significance. Therefore, a long period of residence can 
go hand in hand with a high level of residential satisfaction due to 
habituation, even in the case of housing that is not suitable for seniors.

In Germany, there are very long periods of residence and little 
residential mobility. It can be assumed that people in middle adulthood 

who are looking for a new home do not select it primarily according to 
the criterion of accessibility. As they grow older and become familiar 
with the living arrangements, neighborhood, and environment, there 
is little incentive to move to another, possibly barrier-reduced, 
residence. It is only as functional health deteriorates that barriers in the 
residence can become a real obstacle to daily life. By then, however, the 
burden of moving or conducting extensive construction work in the 
residence will have become disproportionately high.

What strengths and limitations do we identify in our study?
One strength is that a set of housing characteristics are collected 

for a representative population sample, which are necessary for the 
formation of the barrier-reduced housing indicator. Limitations lie in 
the fact that we used a panel sample for our cross-sectional analyses. 
Weighting factors were used to compensate for bias within the sample. 
The housing information is self-reported by the respondents, so the 
assessment of barriers is subjective and not based on objective metrics 
or measurements. Our results are correlations and do not show any 
causal effects. In addition, it must be remembered that the 2020/21 
study was conducted during the COVID-19 pandemic, which may 
have influenced willingness to participate and response behavior.

What can we conclude from our results?
Living in a private household in old age remains a balancing act 

between individual living wishes, holding onto familiar places and 
networks, and the objective conditions and possibilities offered by the 
built environment for carrying out daily tasks and requirements. 
Aging in place therefore requires that housing is adequate to the 
special (and changing) needs of the older generation. If this is 
provided, aging in place is possible and desirable for both seniors and 
society. Age-appropriate housing requires there to be  enough 
apartments with barrier-free housing standards and that these 
apartments are affordable to the elderly population. Our results show 
that the need for age-appropriate housing for the over-65 s is far from 
being met. An interesting question for future research is how living in 
inadequate housing conditions affects the probability to living in a 
nursing home. Barrier-reduced living in old age can be realized by 
modifying the existing apartment or by moving into an appropriate 
apartment. Both options require a great deal of financial and 
organizational effort on the part of the older person. It is therefore 
necessary to educate older people with housing advice about the 
options available for age-appropriate housing conversion and financial 
support. If older people are looking for a new apartment and are 
willing to bear the burdens of a move, they should be supported in 
finding an apartment and moving. The shortage of housing in many 
regions of Germany should not lead to a reduction in age-appropriate 
housing standards for older people.

With our analyses, we  can only depict a small part of 
age-appropriate living, because in addition to barrier-reduced 
housing, a barrier-reduced living environment, local availability of 
essential infrastructure facilities, and social and nursing support 
services are also part of age-appropriate living (13). The demographic 
aging of the population makes it particularly necessary to pay more 
attention to these aspects.

Our results confirm findings from research in other countries on 
barrier-free housing: A study in five European countries (14) showed 
for people aged 75 and older, that those who had better accessible 
homes and who perceive their home as meaningful and useful are 
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more independent in daily activities and have a better sense of well-
being. A study from the U.S. (15) examined factors older adults view 
as barriers to their aging in place plans. The study finds that for elders, 
barriers and conditions for safety in the home are essential and that 
elders need better, person-centered informed support to adapt 
housing conditions to their needs. Another South Korean study (16) 
revealed that barrier-free housing is an important choice for older 
people and can be adopted by them as an affordable housing option. 
The value of barrier-free housing can exceed its cost in this regard. If 
the willingness to pay of people who demand barrier-free housing is 
higher than the cost of it, barrier-free construction can be a sustainable 
marketing option in the housing market.

Policymakers in Germany have recognized that there is too little 
barrier-free housing and that the need will increase in view of 
demographic developments. Through the “Kreditanstalt für 
Wiederaufbau” (Reconstruction Loan Corporation), the German 
government has initiated a program for the age-appropriate 
conversion of housing, which provides funding for the removal of 
barriers in existing buildings (17). Germany is not an exception 
internationally in terms of barrier-free housing for people with 
functional limitations. As the OECD states in a study, there is a general 
lack of accessible housing for people with disabilities in OECD and 
EU countries. At the same time, financial barriers keep these people 
from housing conditions that meet their needs, especially since they 
often live in precarious financial conditions. However, there are also 
information barriers that make current housing offers and information 
about corresponding services difficult to reach for potential users (18). 
The lack of affordable housing, especially in large cities and their 
agglomerations, is an increasingly serious problem in Germany. There 
is a danger that affordable barrier-reduced housing will become 
unattainable for many people with disabilities, not only in old age. 
This must be counteracted by politics at the federal level, but also by 
local politics.
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Introduction: Developing sustainable health policy requires an understanding of 
the future demand for health and social care. We explored the characteristics of 
the 65+ population in the Netherlands in 2020 and 2040, focusing on two factors 
that determine care needs: (1) the occurrence of complex health problems and 
(2) the availability of resources to manage health and care (e.g., health literacy, 
social support).

Methods: Estimations of the occurrence of complex health problems and the 
availability of resources for 2020 were based on registry data and patient-
reported data. Estimations for 2040 were based on (a) expected demographic 
developments, and (b) expert opinions using a two-stage Delphi study with 26 
experts from policy making, practice and research in the field of health and social 
care.

Results: The proportion of people aged 65+ with complex health problems and 
limited resources is expected to increase from 10% in 2020 to 12% in 2040 based 
on demographic developments, and to 22% in 2040 based on expert opinions. 
There was high consensus (>80%) that the proportion with complex health 
problems would be greater in 2040, and lower consensus (50%) on an increase of 
the proportion of those with limited resources. Developments that are expected 
to drive the future changes refer to changes in multimorbidity and in psychosocial 
status (e.g., more loneliness).

Conclusion: The expected increased proportion of people aged 65+ with 
complex health problems and limited resources together with the expected 
health and social care workforce shortages represent large challenges for public 
health and social care policy.
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Introduction

Demographic projections show that in most Western countries 
the proportion of the population aged 65+ will increase in the coming 
decades (1–3). In the Netherlands for instance, the proportion of 
people of 65 years or older is expected to increase from 20% in 2020 
to 26% in 2040 (4, 5). Within this age group, the percentage of people 
over age 80 and 90 will increase too. Older people generally have 
increased health and social care needs, and thus these demographic 
changes will have wide-ranging implications for society as a whole and 
for health and social care provision in particular (6). In addition to 
these demographic developments, also other developments may affect 
how the 65+ population of 2040 will look like with regard their 
demand for health and care, compared to those in 2020. Insight into 
these developments is needed for governments to design sustainable 
health policy and explore policy options.

It is expected that in the future people over age 65 will differ from 
their predecessors, e.g., in terms of lifestyle, health literacy, digital 
skills, household composition and social networks. For example, it is 
thought that the prevalence of smoking will continue to decrease, 
resulting in less smoking-related health problems. Overweight and 
obesity, however, still seem to increase, which implies higher numbers 
of overweight-related health problems (5, 7–9). Besides these health-
related developments, we live in an era in which profound cultural, 
social and economic changes are taken place that will determining the 
future (10, 11). Since this “package deal of changes” includes many 
different elements it is difficult to determine the consequences for 
future health and social care needs (6, 12).

One way to get more insight into the consequences of a changing 
65+ population is to focus on two important elements that determine 
the need for care and support: (1) the complexity of the medical 
condition(s), − which we refer to as ‘complex health problems’, and (2) 
the availability of resources for managing health and care (13, 14). 
Combining these two as binary (yes/no) characteristics, gives four 
groups that define the need for care and support, as inspired by the 
clientship-model (13, 15, 16) (Figure 1). Especially the group with 
complex health problems as well as limited resources forms a challenge 
for society and health and social care provision. This group presents a 
frail population, with a high care need and with a high risk of 
developing negative health-related events. Most studies on forecasts 
focus on the development of health but we think it is also important 
to explore the forecasts on the availability of resources. The aim of this 
study was to obtain insight into how the 65+ population is distributed 
across the four groups of need for care and support in 2020, and the 
expected distribution in 2040, and to identify the developments that 
may affect the future distribution.

Data and methods

This study consisted of three parts. First, we  estimated the 
distribution of the 65+ population for the year 2020 across the 
following groups; (1) complex health problems and sufficient 
resources, (2) complex health problems and limited resources, (3) no 
complex health problems and sufficient resources and (4) no complex 
health problems and limited resources. Second, we estimated this 
distribution for 2040 based on expected demographic developments 
only, assuming that the proportion in each group would remain the 

same. Third, we estimated this distribution for 2040 based on expert 
opinion using a two-stage Delphi study. With this study, we  also 
assessed the expected developments that may drive the future changes 
in distribution, and the level of consensus on the direction these 
developments might take.

Estimates for 2020

The distribution of the population across the four groups of need 
for care and support based on the prevalence of complex health 
problems and the availability of resources to manage these was 
estimated for the year 2020 using age-sex specific data from three 
population-based studies.

The Nivel’s Primary Care Database (Nivel Zorgregistraties eerste 
lijn) (17) uses routinely recorded data from healthcare providers to 
monitor health and health services utilization in a representative 
sample of the Dutch population. Diagnoses in primary healthcare are 
registered according to the International Classification of Primary 
Care (ICPC) (18). This data source provided data on age-sex specific 
prevalence of complex health problems for those aged 65+. The data 
compromises electronic medical records of patients from 
approximately 10% of general practices in the Netherlands 
(n = 1.331.882, of which 253.309 is 65+).

The National Health Monitor of the Netherlands (2016) (19) 
provided data on the age-sex-specific prevalence of having limited 
health resources for those aged 65+. It is a survey that aims to collect 
national, regional and local data on health, social situation and 
lifestyle. Municipal Health Services distribute this survey in 
collaboration with the National Institute for Public Health and the 
Environment (RIVM) commissioned by the Ministry of Health 
(n = almost 460,000 with a response rate of 40%).

The 6th measurement round of the Doetinchem Cohort Study 
(DCS) (20) provided data on: the age-sex specific prevalence of 
complex health problems and presence of resources in the age 
group 65–85 years (n = 3,500). The advantage of this dataset for these 
analyses is that both data on diseases, disability and resources are 
available (21).

The operational definition of ‘complex health problems’ was as 
close as possible to ‘those having at least conditions from two of the 
following clusters of disease: cardiovascular/metabolic disease, 
respiratory/musculoskeletal disorders, depression, visual or hearing 
problems, cancer or severe neurological disease. The operational 
definition of limited resources to social.

problems was based on at least two of the following characteristics: 
Living alone, low educational level, receiving informal care, inability 
to meet basic needs and insufficient self-reliance.

Estimates 2040 based on demographic 
projections

The age-sex specified prevalence of (the combination of) complex 
health problems and the availability of resources as determined in 
2020 were applied to the age-sex specified population projections of 
2040 to get estimates for 2040. These projections are published yearly 
online by Statistics Netherlands. We used the projections published in 
2020 (4).
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Population estimation 2040 based on 
expert opinion: Delphi study

A Delphi consensus procedure was conducted between October 
2020 and January 2021. Experts were invited to share, in a structured 
manner, their thoughts on the characteristics of the 65+ population of 
2040 in terms of complex health problems and resources to manage 
these, and to identify the developments affecting these characteristics.

The Delphi methodology aims to systematically collect opinions 
from a group of experts and achieve consensus (22, 23) for topics 
where evidence is lacking. The use of anonymity of participants, 
iteration and feedback allows the participants to openly give their 
opinion and change their opinion during the process (24).

Expert panel

A multidisciplinary panel of 39 experts were recruited via email 
from the networks of the research team. Fields of expertise were older 
people and health and social care in the Netherlands. The panel 
included policy makers, researchers, insurers, (advocates of)older 
people or people with dementia and health organization advisors.

Procedure

The Delphi-process consisted of two rounds, each running for 
3 weeks using the MeetingSphere and Formdesk electronic 

platforms. Both Delphi rounds consisted of completing an online 
questionnaire and participating in a guided discussion on the 
online platform. The responses to the questions were fed back 
anonymously to the participating experts before the discussion 
session. Experts could revisit the platform at any time during the 
discussion sessions and provide their suggestions or comments. The 
Delphi-study was anonymous for both the experts as well as the 
research team.

Delphi round 1
The first round of the Delphi-study was aimed at identifying 

developments affecting the occurrence of complex health problems 
and the availability of resources in the Netherlands in 2040. The 
project was introduced to the experts by showing an animation with 
an introduction of the conceptual model and the population 
distributions in 2020 and 2040 (demographic projections only) across 
the four groups of the clientship-model (13, 15, 16).

The questionnaire was pilot tested among four colleagues at the 
National Institute for Public Health and the Environment to make 
sure the questions and the procedure were clear to the participants. 
The questionnaire included questions on:

A. Complex health problems

 • How will the future percentage of older people aged 65+ compare 
to the current percentage of people aged 65 +? (using a 5-point 
Likert scale ranging from a large decrease to a large increase)

 • Which developments do you  expect to affect the future 
percentage of older people with complex health problems? A list 

FIGURE 1

The ‘care and support’ groups in the population of the thinking model used, and the introduction to the experts. Based on the clientship model  
(13, 15, 16).
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of 13 potential categories (number of people with at least one 
chronic condition, treatment options, culture, diagnosis. 
Infectious diseases, lifestyle and behavior, life expectancy, mental 
well-being, environment, psychosocial well-being, locus of 
control, vitality and working conditions) was presented, and 
participants were invited to add to this list.

B. Resources

 • How will the availability of resources amongst older people in the 
future compare to the availability of resources amongst the older 
people now? (using a 5-point Likert scale ranging from a large 
decrease to a large increase)

 • Which developments do you expect to affect the availability of 
resources amongst older people in the future? A list of 12 
potential categories (digital skills, health literacy, household 
composition, income, living conditions, independence, informal 
care, social network, local amenities, healthcare staff, healthcare 
technology) was presented, and participants were invited to add 
to this list.

C. Complex health problems and resources combined
 • How will the future distribution of older people according to 

complex health problems and the availability of resources 
compare to the current situation? The four groups [(A) without 
complex health problems and with sufficient resources, (B) 
without complex health problems and with limited resources, (C) 
with complex health problems and with sufficient resources and 
(D) with complex health problems and with limited resources] 
were presented, and participants were asked to rate each group 
(using a 5-point Likert scale ranging from a large decrease to a 
large increase).

Free-text boxes were available for all questions for experts to 
explain their choices.

Delphi round 2
The second round of the Delphi-study was aimed at elaborating 

on how all the developments identified in round 1 would affect the 
prevalence of complex health problems and the availability of 
resources among older people aged 65+ in the future. In addition, the 
participants were asked to give their expectation on the distribution 
of proportions across the four groups. The participants could divide a 
100% across the four groups.

Data analysis of the Delphi-study

Consensus was defined as a certain percentage of agreement. 
In this study, three levels of consensus were used. “High 
consensus” was defined as ≥75% agreement on the expected 
strength of the effect of a development. “Intermediate consensus” 
was defined as ≥62.5% agreement on the expected strength of the 
effect of a development. “Low consensus” was defined as <62.5% 
agreement. The criteria for consensus were determined before the 
start of the study based on literature using similar study designs 
(25, 26).

Results

Expert panel

From the 39 invited experts, 26 experts responded to the first 
questionnaire (response rate 67%). Sixteen experts responded to the 
second questionnaire (response rate 62%). Reasons for not 
participating or dropout were mainly time constraints.

Estimations for 2020 and 2040

The prevalence in 2020 of complex health problems was about 
30% in people aged 65–69 years and about 80% for people aged 85 and 
above. The prevalence of older people with limited resources was 10 
and 60%, respectively (Figure  2). All figures were higher among 
women compared to men.

Using the age-sex-specific figures, the estimated proportion of 
the 65+ population with complex health problems and limited 
resources in the year 2020 was 10%, for complex health problems 
with sufficient resources 30.7%, for no complex health problems and 
limited resources 3.8% and for those without complex health 
problems or limited resources 55.6% (Figure  3). For 2040, the 
demographic forecasts show a shift to a larger population with 
complex health problems and limited resources of 11.7% mainly at 
the expense of those without challenges. The experts who took part 
in the Delphi study gave a different picture: taking all trends and 
developments into account the experts estimated the 65+ population 
with complex health problems and limited resources to be  22% 
(compared to 11.7%) and for those without complex health problems 
and limited resources 19% (compared to 4.1%).

Developments affecting complex health 
problems and resources

In round 1 of the Delphi-study two developments were added in 
relation to complex health problems and one development in relation 
to resources. A total of fifteen developments potentially affecting the 
future prevalence of complex health problems were identified (Table 1) 
and thirteen developments affecting the availability of resources 
among the 65+ in 2040 (Table  2). Explanations provided by the 
experts on the assumed trend for each development are reported in 
Tables 1, 2.

Complex health problems in 2040

Consensus on the direction of change of the developments in 
the next 20 years was reached for 73% of the developments (53% 
high and 20% intermediate). Consensus was slightly lower on how 
these developments affect complex health problems (Table 1). The 
level of consensus among the experts increased throughout the 
rounds. In round one, more than half of the experts (56%) expected 
the percentage of older people with complex health problems to 
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increase, 28% expected stability and 16% a decrease. In round two, 
the majority (81%) expected the percentage of older people with 
complex health problems to increase. Developments contributing 
directly or indirectly to an increase of the occurrence of complex 
health problems were: increased prevalence of chronic conditions, 
increased life expectancy, more treatment options and early 
detection of diseases, and increased socio-economic inequality. 
Experts also mentioned developments contributing directly or 
indirectly to a potential decrease of complex health problems; 
increased self-management of health, improved lifestyle and health 
behavior and increased self-efficacy. Even though the experts agreed 
that there will be an increase in cultural diversity and an increase 
in the vitality of older people in the next 20 year they did differ of 
opinion on how these developments will affect the presence of 
complex health problems.

Resources to deal with complex health 
problems in 2040

Consensus on the direction of change was reached for nine (69%) 
out of thirteen resources. The level of consensus among the experts 
increased throughout the rounds. In round one, more than a third of 
the experts (37%) expected the overall availability of resources to 
increase, 32% expected stability and 26% a decrease. In round two, 
22% of the experts expected an increase of the availability of resources 
to manage complex health problems, half of the experts expected a 
decrease. Developments contributing to the expected decrease are an 
increase of one-person households and a decrease in the availability 
of both formal and informal care providers. The experts mentioned 
that the increase of health literacy, digital skills, educational level and 
independency will apply only to a part of older adults. The experts 

FIGURE 2

The prevalence of complex health problems (A) and limited resources (B) by sex and age: estimations and population.
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mentioned that those with a low educational level, language barriers 
and low socio-economic position will stay behind, causing the gap 
between the rich and poor to increase. No consensus was reached on 
the developments in availability of suitable housing, income and 
wealth, availability of a social network and services in 
the neighborhood.

Discussion

This study aimed to get insight into the characteristics of the 
65+ population of 2040, compared to the 65+ population in 2020, 
using modelling exercises and input from experts by means of a 
Delphi study. After taking a number of developments into account, 
the experts in the Delphi study expected the proportion of adults 
aged 65+ with complex health problems and limited resources in 
the Netherlands to increase from 10 to 22% in 2040. Also, this 
expected percentage is higher than the expected proportion of 
adults aged 65+ in 2040 based on demographic developments 
(12%). Although this figure of 22% is only an estimate, it presents 
reason for concern because it indicates that, when taking various 
developments into account, the need for care will be  higher in 
the future.

This study shows that besides demographic developments also 
other developments affect the occurrence of complex health problems 
and the availability of resources, such as socioeconomic changes, 
developments in lifestyle and health, changes in living and working 
conditions, the increase of one-person households and decrease of 
formal and informal care providers. People will more often have to 
rely on informal care from family and friends, which in turn will have 
implications for the living and working conditions of the informal care 
providers such as work interference or change in work status and an 
increase of emotional stress (27–29). This will most likely negatively 
impact the availability of informal care.

The various developments are also expected to interact with or 
even amplify one another, resulting in a larger proportion of the 
population with complex health problems and with limited resources 
to deal with them. For example, improved technological possibilities 
are expected to facilitate diagnostics and early detection of diseases, 
which in turn might lead to an increase in the number of people with 
complex health problems. At the same time, a higher life expectancy, 
with chronic diseases being less lethal, results in more older people 
having multiple diseases, which also results in an increased number 
of people with complex health problems.

In this study, many experts explicitly mentioned that they 
expected an increased gap between different population groups 
regarding health status. For example, both the group of vital older 
people as well as the group of frail older people will become larger. So, 
the size of groups at both ends of the ‘health continuum’ are increasing. 
Resulting in highly different care needs amongst different groups of 
older people. Furthermore, the health differences between socio-
economic groups and groups from diverse cultural backgrounds are 
expected to increase. These developments are an additional reason for 
concern, because socio-economic and cultural background are 
associated with health status.

Earlier future studies aiming to inform policymakers show similar 
developments as the ones identified in our study. Also, studies from 
other countries (Japan, United States, United Kingdom) indicate to 
expect increased pressure on the health and social care system (30–
33). For example a study shows that if recent mortality trends 
continue, more people in England and Wales will need palliative care 
by 2040 (30). Another study showed that the age-standardized 
prevalence of disease will remain constant resulting in an expanding 
number of older people with care needs (31). Both for Japan and for 
United States micro-simulation modelling studies show that the need 
for care amongst 65 + -population will increase (32, 33).

Implications

The expectation is that health and social care needs in the 65+ 
population will be larger in 2040 than in 2020, and this expectation is 
seen regardless of the method used, expert opinions or modelling 
exercises. The aging population will result in a tremendous challenge 
in dealing with the health problems and in determining how to 
appropriately deliver care for older people of the future (34), while 
taking (cultural) background and surroundings into account. 
Integrated care is seen as a potential way to coordinate and provide 
care tailored to peoples’ needs and preferences and reduce inequalities 
while improving patient outcomes. This can help the health system to 
cope with the increasing need for care. (13, 35, 36).

To deal with the increasing care needs different initiatives and 
measures are needed across different levels (37–39). For example on 
health system level support is needed for informal care provides. At 
the level of the living and environment, it concerns suitable housing, 
good cooperation and coordination amongst care and welfare 
professionals (integrated care) (40). At societal level, it is about image 
formation (the older people are not only weak and in need of help, a 
large part is able to continue to cope), a different way of training 
professionals so they are better equipped to support citizens with 
complex health problems (41). Initiatives may for instance focus on 
the reducing the increase in complex health problems, e.g., with more 

FIGURE 3

Distribution of the 65+ population across the four profiles in 2020 
and 2040 based on demographic projections and experts’ 
expectations.
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TABLE 1 Trends affecting the prevalence of complex health problems among 65+ the period 2020–2040, as expected by experts found with a Delphi 
study.

In the next 20 years… The total percentage of older 
people with complex health 

problem will…

Direction Consensus Direction Consensus Explanation

The number of people with 

at least one chronic 

condition

Increase 88% Increase 81% Ageing.

Increase of life expectancy.

Increase of obesity.

Life expectancy Increase 81% Increase 81% Life expectancy increases 

faster than healthy life 

expectancy.

Better healthcare 

techniques and more 

prevention.

Treatment options Increase 100% Increase 69% More treatment options 

and technology.

Diagnostics/early detection 

of diseases

Increase 94% Increase 69% More early detection and 

better diagnostics ➔ 

increase in prevalence of 

chronic diseases ➔ increase 

in the number of people 

with complex health 

problems and decrease of 

mortality risk.

The influence of infectious 

diseases (relative to pre-

corona)

Unchanged 69% Unchanged 69% The impact of infectious 

diseases (COVID-19) will 

remain and can lead to 

chronic diseases.

Mental health problems Unchanged 63% Unchanged 69%

Self-management of health 

and care

Increase 81% Unchanged 63%

Socio-economic inequality Increase 81% Increase 63% The gap between high and 

low SES is widening.

Houses, school systems, 

digitalization play a role in 

this. Not everything is 

available to everyone in 

healthcare.

The influence of the 

environment on health (e.g. 

climate change)

Increase 69% Increase 50% More awareness and 

possibly increasing tension 

on social topics. At the 

same time there will 

be more technological 

advancements which 

creates solutions.

Cultural diversity Increase 75% Increase 44% Links to the acceptance of 

new care options, 

techniques, healthy lifestyle 

and access to knowledge.

Vitality of older people Increase 75% Unchanged 44% Increase will mainly be for 

a part of the population.

Manufacturability of life Increase 56% Unchanged 75%

(Continued)

104

https://doi.org/10.3389/fpubh.2023.942526
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Baâdoudi et al. 10.3389/fpubh.2023.942526

Frontiers in Public Health 08 frontiersin.org

In the next 20 years… The total percentage of older 
people with complex health 

problem will…

Direction Consensus Direction Consensus Explanation

Working conditions 

(including workload, 

workload)

Deteriorate 44% Unchanged 63% The increased number of 

flexible jobs leads to more 

uncertainty and stress. This 

can lead to staff shortages 

and more work pressure.

Digitalization might 

provide relief.

Psychosocial circumstances 

(e.g. stress, loneliness)

Unchanged 50% Unchanged 56% Increasing awareness of 

psychosocial 

circumstances.

Lifestyle and behaviour Unchanged 44% Unchanged 44% In some aspects habits and 

behaviour will improve in 

regard to healthy lifestyle. 

In other aspects it will 

deteriorate. The gap 

between people with 

improvements and people 

with a deterioration will 

be larger.

Blue, high consensus among experts; green, intermediate consensus; orange, low consensus, including explanations provided by the experts on the assumed trend (2020, Netherlands).

TABLE 1 (Continued)

TABLE 2 Trends affecting the presence of resources to manage complex health problems among 65+ in the period 2020–2040 as expected by experts 
found with a Delphi study.

In the next 20 years…

Direction Consensus Explanation

The number of one-person-households 

amongst older people

Increase 100% More divorces which results in an increase of the number of one-person-households.

Availability of informal care providers Decrease 100% The demand for informal care will increase but there will be less supply of informal 

care.

Digital skills amongst older people Increase 94% The expectation is that older people will be (more) digitally skilled. But this should 

not be overestimated; digital developments move faster than attaining the skills. 

Moreover, skills should be maintained through time.

In addition, the need for older people to be digitally skilled increases. As it is 

necessary for arranging their affairs, finding care and for their independence.

Technological possibilities Increase 93% More possibilities through health technology and e-health. However, its use depends 

on the availability, affordability and usability. There will be a gap between the 

possibilities and desirability.

Health and social care workforce Decrease 93% Ageing; higher demand for care and less people that can provide care. The professions 

are not attractive. Shortages in certain regions.

Health skills Increase 79% Increasingly, demands are made on self-reliance.

Despite this increase, part of the older people will not be able to keep up.

Self-reliance Increase 71% People are increasingly called on being self-reliant. Self-reliance increases because of a 

higher education level. And with this the access to knowledge, health and healthcare 

increases. However, part of the older people will lag (low education level, language 

barriers, low socio-economic status).

Educational level Increase 64% The average education level increases. Which means that older people will on average 

have more resources available, such as a high income, health skills. But this does not 

apply for all older people, such as older people with a migrant background or people 

with low-or limited-income insurance like self-employed workers.
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or better prevention strategies, and on expanding the possibilities to 
(self) manage the health problems of old age – e.g., programs to 
reduce loneliness, increase health literacy, various innovations based 
on technology, and promoting ‘positive health’ with its emphasis on 
‘the ability to adapt and self-manage’ (42, 43). In addition, For all the 
different initiatives and measures the effects on reduction of the SES 
gap should also be taken into account.

This study illustrates the importance of not taking only ‘health 
problems’ into account but also the resources to deal with these, which 
is also emphasized in the research field of population segmentation 
based on health care needs (44–46). The clientship model (13, 15, 16), 
where our thinking model was based on, is now used in Finland to 
segment the populations and to aid the thinking of care and support 
needs and how to organize these (47). In particular it is used to 
strengthen the links and collaboration between primary care and 
social care and between primary care and hospital care. Because our 
study suggest that there will be a large growth in the size of the 65+ 
population with limited resources to deal with health problems, these 
finding urge for the care and support systems for these.

Strengths and limitations

A strength of this study is the use of a Delphi study besides 
demographic projections. Studies aiming to make prediction usually 
make use of demographic projection, however this provides only part 
of the picture. The Delphi study allowed to incorporate expert 
opinions and different perspectives to determine future demands and 
needs. A limitation of this study is that different data sources have 
been used for the prevalence of complex health problems and the 
availability of resources. There is no single data source for the 
prevalence of complex health problems in combination with the 
availability of resources. Therefore, we combined information from a 
large registry of reliable and sufficiently detailed diagnostic data, with 
findings from a large-scale survey, monitoring data on a broad range 
of factors referring to ‘resources’ and cohort data with both diagnostic 
data and information on resources to get an estimation of the year 
2020. The 2040-estimations are obtained by using demographic 
projections only are straightforward, keeping current prevalence rates 

of complex health problems and availability of resources constant. 
However, unexpected developments such as the COVID-19 pandemic 
may affect future demographics and thus change the circumstances/
conditions of future care. Population health and the future proportion 
of older people with complex health problems and limited resources 
are subject to other uncertain developments. So we used the input of 
experts by means of a Delphi method, of which the strength is the use 
of a diverse expert panel. A sufficiently broad variety of experts, which 
is a prerequisite for a valid Delphi (26) method, gave insights into what 
they expect the population of older people to look like in 2040. 
However, because the Delphi was fully anonymous no information 
was collected on which of the invited experts participated during the 
different rounds. Therefore the heterogeneity of the panel could not 
be  confirmed throughout the different rounds. Some important 
perspectives may have been missed if the group of participating 
experts is biased. Another limitation is that the experts can all 
be biased in the same direction. Also, some experts mentioned that 
trying to visualize how complex health problems and availability of 
resources will evolve together, was maybe too complex a thought 
experiment. This might also have led to drop-out of experts after the 
first round of Delphi. It is further important to realize that forecasts 
and future estimations do not represent facts. Our results give a 
picture of how experts see the future, and which an how developments 
will play an important role in the future. This information can help in 
finding appropriate interventions or solutions that will help to 
be better prepared for the future care needs.

Conclusion

This research suggests that it is likely that a substantial part of the 
future 65+ population will suffer from complex health problems and 
will not have sufficient resources to manage these problems. This 
proportion is expected to be substantially higher than is expected 
based on demographic developments only, which is often done. A 
variety of developments contribute to this increase. Together with 
large workforce shortages in health and social care, these 
developments represent large challenges for health policy and asks 
for a fundamental redesign of the health and social care system. 

In the next 20 years…

Direction Consensus Explanation

Variation in the supply of person-

centred care

Increase 64% Technology stimulates person-centred care.

Availability of suitable housing Increase 57% Increase in suitable houses, however it will not be sufficient for all older people.

Income and wealth Unchanged 36% On one hand the incomes will be higher, on the other hand the care will be more 

expensive. There will be a larger difference between the poor and rich.

Availability of a social network Decrease 43% On one hand the social network will decrease because people are having less children, 

living more often alone and are becoming older. On the other hand, the social 

network will be more diverse, and digitalization will play a role.

Availability of services (grocery shops, 

care facilities etc.) in the 

neighbourhood

Unchanged 50% This will depend on the region. There will be a shortage in shrinking areas. 

Digitalization plays a role; online ordering and e-health.

Blue, high consensus among experts; green, intermediate consensus; orange, low consensus, including explanations provided by the experts on the assumed trend (2020, Netherlands).
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Further research is needed to understand how the different 
developments interact and how these can be  incorporated in the 
foresight of population health.
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