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Abstract: Background: As the average life expectancy of global citizens has increased, the prevalence
of dementia has increased rapidly. The number of patients with dementia has increased by 6.7 times,
reaching 300,000 in the past three decades in Taiwan. To realize the latest actual situation, the need
for institutional care for elderly patients with dementia, and also a reference basis for government
agencies to formulate dementia-related care policies, we investigated the institutional prevalence of
dementia. Methods: We randomly sampled 299 out of the 1607 registered long-term care facilities
including senior citizens’ institutions, nursing homes, and veteran homes in every administrative
region of Taiwan. Then, a two-phase survey including MMSE screening, CDR, and clinical confir-
mation was conducted on each subject from 2019 to 2020. Results: Among 5753 enrolled subjects,
4765 from 266 facilities completed the examinations with a response rate of 82.8%. A total of 4150
subjects were diagnosed with dementia, 7.4% of whom had very mild dementia. The prevalence of
all-cause dementia, including very mild dementia, was 87.1% in all facilities, 87.4% in senior citizens’
institutions, 87.1% in nursing homes, and 83.3% in veteran homes. Advanced age, low education,
hypertension, Parkinsonism, respiratory disease, stroke, and intractable epilepsy were associated
with dementia risk. Conclusions: We show that in an aged society, the prevalence of all-cause de-
mentia in long-term care institutions can be as high as 87.1%. This study was completed before the
outbreak of COVID-19 and provides a precious hallmark for future epidemiological research. We
recommend that the long-term care policy in an aged society needs to take into account the increasing
high prevalence of dementia in the institution.

Keywords: aging; Alzheimer’s disease; dementia; dementia prevalence; hypertension; institution;
long-term care

1. Introduction

The average life expectancy of citizens in most countries has risen gradually with the
advancement of medical care. Many countries face varying degrees of social ageing issues.
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Old age is the leading non-modifiable risk factor for dementia including both Alzheimer’s
disease and vascular dementia [1,2]. Dementia not only leads to cognitive decline but also
psychiatric and behavior problems [3]. The burden of medical costs, care manpower, and
psychological pressure seriously affect family members with dementia and society [4–7].

Long-term care institutions are a common way of caring for the elderly with dementia.
The prevalence of dementia in long-term institutions varies greatly, ranging from 16.1%
to 85.2% according to factors such as the country, aging degree, investigation timing,
and research method [8–13]. Besides, culture, religion, race, urbanization, welfare policy,
insurance, dependency ratio, and many other factors influence the prevalence of dementia
in the institution [14,15]. In addition, many studies focus on specific types of institution
or certain geographic areas with a relatively small sample size. Nearly 70% of studies on
dementia prevalence in long-term care facilities have been performed in Europe [16]. Only
limited studies have been conducted in Asia, the Americas, Africa, or Eurasia (Appendix C).
Chen et al. [17] in 2007 reported that 48% of residents of long-term care wards in Taiwan
had dementia. Guo [18] and Xu [19] et al. subsequently reported 36.7% and 44.5% in China.
Therefore, a study in Asia that comprehensively covers all institutions and minimizes
sampling bias is needed to provide a holistic perspective on the topic.

Among factors associated with prevalence of dementia, the degree of social aging
is an important issue and it significantly affects how people choose the way to take care
of elders with dementia. The World Health Organization defines 7%, 14%, and 20% of
the total population as over 65 years old, which includes aging, aged, and super-aged
societies, respectively. After crossing the threshold of an aging society in 1993, Taiwan
quickly reached an aged society in 2018.

There were 328.2 million elderly people worldwide in 1990, and by 2020 this number
had more than doubled to 727.6 million. Among them, more than 50 million people are
now suffering from dementia. During the same period, in 1990, there were an estimated
45,000 dementia patients in Taiwan [20,21]. By 2020, this number increased 6.7 times to
reach 303,271 out of a population of 23 million. The prevalence of dementia in long-term
care institutions is dynamic and up-to-date research is crucial for public health policy. Due
to the rapid aging of society in recent years and the massive increase in the population
of dementia patients, the National Health Research Institutes in Taiwan conducted an
epidemiological survey on the prevalence of dementia in long-term care facilities. The
aims of this study were to realize the latest actual situation, the need for institutional care
for elderly patients with dementia, and also a reference basis for government agencies to
formulate dementia-related care policies.

2. Materials and Methods

This was a cross-sectional study including 6549 subjects from all categories of long-
term care units in Taiwan. Experiments with a two-stage random sampling design were
conducted between July 2019 and February 2020. All administrative regions were included
in this national study.

2.1. Type of Long-Term Care Facilities

There are 3 categories of long-term care units in Taiwan. First, senior citizens’ institu-
tions include residential houses for healthy elders living independently and assisted living
facilities for people who need some support in activities of daily living. Second, nursing
homes accommodate people with serious illnesses or those dependent on medical care.
Third, veteran homes mainly take care of retired soldiers from the national army who are
old or sick. This study included the above three types of long-term care institutions.

2.2. Estimation of Sample Size

This epidemiological investigation was designed by the Taiwan National Health
Research Institutes. There are 1607 long-term care units registered in Taiwan long-term
care of the Ministry of Health and Welfare. According to the estimation formula proposed
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by Daniel and Cross [22], we estimated that 6549 subjects would be sampled from 22
administrative regions including Taiwan island and outlying islands including Penghu,
Kinmen, and Lianjiang.

If the ratio of the sample size to the population size is greater than 0.05, then a limited
population correction factor needs to be considered. The formula is as follows:

n = sample size
N = the number of populations;
P = proportion for population;
d = precision.

n =
NZ2P(1 − P)

d2(N − 1) + Z2P(1 − P)

According to previous research, regardless of the type of institution, the prevalence
rate of institutional dementia is estimated to be 45.67%. Suppose the precision of the
prevalence rate is 5%.

2.3. Sampling Method: Two-Stage Random Sampling

We stratified randomized sampling by 22 administrative regions and followed the
principle of withdrawing and not returning. The probability of an institution being sampled
should reflect the number of residents of the institution. We took 100 people as the sampling
unit. Institutions with fewer than 100 residents occupied one lottery ticket; institutions with
100–200 residents occupied two lottery tickets, and so on. As a result, a total of 299 institutions
were selected, including 164 nursing homes, 125 nursing homes, and 10 veteran homes.

Then, 6549 subjects were randomly selected from the list of residents of the above-
mentioned institutions (Appendix A). To reflect the number of people in the three types of
long-term care institutions, the estimated sample number of each administrative region
was allocated to the survey sample number according to the proportion of the number of
people accommodated by the types of institutions.

If the institution sampled in the first stage or the residents sampled in the second stage
could not cooperate with the investigation, a substitute sample would be drawn according
to the principle of random sampling.

2.4. Two-Phase Survey of Subjects

We reviewed the medical profile of every subject (Figure 1). If the subject was con-
firmed to have dementia, we recorded the diagnosis, the severity of the disease, and filled
out the questionnaire. In the remaining cases, we conducted a dementia assessment with a
Two-phase Survey.

In the first phase, well-trained evaluators visited the intuitions between July and
November 2019. All sampled residents received the Taiwanese Mental State Examination, a
version of the Mini-Mental State Examination (MMSE) [23–25], assessment for activities of
daily living (ADL), and instrumental activities of daily living (IADL) [26]. Barthel Index [27]
was used for evaluation of ADL. IADL was assessed according to Lawton and Brody’s
design [26]. Subjects who self-reported cognitive decline, MMSE scores below the critical
value, or were difficult to evaluate were included in the second phase of the evaluation.
The critical value was defined as an MMSE score less than 25 if the subject was literate or
less than 14 if not literate.

Then, experienced neurologists and psychiatrists visited the subjects, made a diagnosis
and conducted a Clinical Dementia Rating (CDR) [28] between December 2019 and February
2020. The assessment of the subject’s CDR was carried out with the assistance of the main
caregiver of the institution. All neurologists and psychiatrists participated in the education
and training organized by the society before the evaluation. A CDR score equal to 0.5 points
was considered very mild dementia (VMD) [29] and a score greater than 0.5 points was
diagnosed as dementia.
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2.5. Statistical Analysis

The data were expressed as mean (standard deviation) and number (%) for continuous
and categorical variables, respectively. The group difference results were examined using
with the Kruskal–Wallis t-test and chi-squared test for continuous and categorical variables,
respectively. We assessed weighted prevalence of dementia by using SUDAAN software
(version 11.0.1, RTI International, Research Triangle Park, NC, USA) to account for sampling
effects. The rest of statistical analyses in this study were performed by SAS (version 9.4 for
Windows; SAS Institute, Inc., Cary, NC, USA).

This study was reviewed and approved by the Medical Research Ethics Committee of
the National Health Research Institutes, number EC1080502. All subjects or their family
members signed an informed consent form.

3. Results

This epidemiological study was conducted between July 2019 and February 2020.
We completed sampling of 266 institutions including 143 senior citizens’ institutions, 113
nursing homes, and 10 veteran homes from 22 administrative regions including Taiwan
Island and outlying islands including Penghu, Kinmen, and Lianjiang. The averaged
institutional response rate was 89%, with 87% senior citizens’ institutions, 90% nursing
homes, and 100% veteran homes, respectively.

3.1. Demographic Data

Among 5753 enrolled subjects (Appendix B), 4765 completed the 2-phase examination
with an 82.8% response rate. The reasons for failure to complete the tests included closed
institutions, discharge from the institution, and refusal for interview. The demographic
results are shown in Table 1.
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The sexratio of all enrolled subjects was almost equal except for more man in veteran
homes. The mean age was 76.98 ± 13.39 and most respondents were illiterate. People living
in the veteran homes were oldest followed by senior citizens’ institutions and nursing homes
(Bonferroni post hoc test, p < 0.0001). Residents in the veteran homes also had more education
years than those who lived in senior citizens’ institutions and nursing homes (p < 0.0001).

Table 1. Institutional basic profiles.

Total Senior Citizens’
Institutions Nursing Homes Veteran Homes p-Value

Number (n) 4765 2504 2033 228

Gender
Male (n, %) 2308 48.4% 1066 42.6% 1025 50.4% 217 95.2%

0.0001Female (n, %) 2457 51.6% 1438 57.4% 1008 49.6% 11 4.8%

Age (years, mean ± SD) 76.98 ± 13.39 79.35 ± 10.74 73.18 ± 15.39 84.79 ± 11.03 0.0001

Education

(n = 4633) (n = 2431) (n = 1982) (n = 220)

0.0001

Illiterate (n, %) 1757 37.9% 1087 44.7% 648 32.7% 22 10.0%
Literate, less than 6 years

(n, %) 1613 34.8% 848 34.9% 681 34.4% 84 38.2%

7–9 years (n, %) 468 10.1% 187 7.7% 263 13.3% 18 8.2%
More than 10 years (n, %) 789 17.0% 308 12.7% 388 19.6% 93 42.3%

Other * (n, %) 4 0.1% 1 0.04% 0 0.0% 3 1.4%

Dementia
(n) 4150 2189 1771 190

0.2116(%, 95% CI) 87.1 (86.1–88.0) 87.4 (86.1–88.7) 87.1 (85.6–88.5) 83.3 (77.9–87.9)

MMSE (mean ± SD) 17.16 ± 6.81
(n = 1798)

16.71 ± 6.74
(n = 956)

17.50 ± 6.87
(n = 698)

18.44 ± 6.75
(n = 144) 0.0018

CDR

(mean ± SD) 2.37 ± 0.89
(n = 3919)

2.37 ± 0.89
(n = 2027)

2.42 ± 0.86
(n = 1723)

1.76 ± 0.95
(n = 169)

0.0001
CDR 0.5 (mean ± SD) 291 7.4% 159 7.8% 102 5.9% 30 17.8%
CDR 1 (mean ± SD) 546 13.9% 270 13.3% 231 13.4% 45 26.6%
CDR 2 (mean ± SD) 668 17.1% 339 16.7% 285 16.5% 44 26.0%
CDR 3 (mean ± SD) 2414 61.6% 1259 62.1% 1105 64.1% 50 29.6%

ADL
score (mean ± SD) 24.99 ± 31.94 25.59 ± 32.79 20.99 ± 28.83 54.10 ± 33.46 0.0001

IADL
score (mean ± SD) 1.00 ± 1.65 1.05 ± 1.72 0.81 ± 1.44 2.02 ± 2.09 0.0001

Clinical Dementia Rating (CDR), Mini-Mental State Examination (MMSE), activities of daily living (ADL), and
instrumental activities of daily living (IADL). * Foreign language education, military school.

3.2. Dementia Prevalence

The prevalence of all-cause dementia, including very mild dementia was 87.1% in
all facilities, 87.4% in senior citizens’ institutions, 87.1% in nursing homes, and 83.3% in
veteran homes (Table 1). There was no significant difference (p = 0.2116) in the prevalence
of dementia among the three institutions, all exceeding 80%. The weighted prevalence
adjusted by SUDAAN software was 88% (Table 2). Dementia prevalence in women was
slightly higher than in men. More than 90% of institutional residents over 75 have dementia.
The mean CDR of all residents with dementia or very mild dementia was 2.37 ± 0.89. It
was highest in the elderly staying at nursing homes 2.42 ± 0.86, followed by senior citizens’
institutions 2.37 ± 0.89, and was lowest in veteran homes 1.76 ± 0.95 (p < 0.0001). A total
of 61.6% of all dementia residents were diagnosed at a severe stage. The mean MMSE of all
residents with dementia or mild cognitive impairment was 17.18 ± 6.82.

3.3. Comparison between People with Dementia and Normal Elderly

The elderly without cognition decline in all types of institution were younger than the
elderly with dementia or VMD (p < 0.0001) (Table 3). There were more men in the elderly
without cognition decline (p < 0.0001). Besides, the elderly without cognition decline had
more education years than the cognition decline group (p < 0.0001). Most elderly with
cognition decline were not literate while more than a quarter of normal elderly received
at least 10 years of education. Elderly with cognition decline had poorer ADL and IADL



J. Clin. Med. 2022, 11, 1554 6 of 13

than normal elderly (all p < 0.001) (Table 3). The residents in veteran homes had the best
ADL and IADL while those who stayed at nursing homes had the worst (all p < 0.001). The
elderly with dementia are significantly older than the normal elderly by more than 5 years.
In the group with impaired cognitive function, more elderly people have hypertension,
respiratory diseases, Parkinsonism, stroke, and refractory epilepsy (Table 4). There was no
difference in diabetes, skeletal disease, impaired vision, coronary artery disease, cardiac
arrhythmia, cancer, digestion disease, and psychiatric disease.

Table 2. Institutional dementia prevalence: crude prevalence and SUDAAN-weighted prevalence.

Institutional
Resident

(n)

Dementia
Patient

(n)

Crude Prevalence
(%, 95% CI)

SUDAAN-Weighted
Prevalence

(%, 95% CI) #

Total 4765 4150 87.1 (86.1–88.0) 88.0 (86.4–89.4)

Gender
Male 2308 1967 85.2 (83.8–86.7) 86.8 (84.7–88.7)

Female 2457 2183 88.9 (87.5–90.1) 89.1 (87.0–90.9)

Age
(years)

≤65 879 699 79.5 (76.7–82.1) 78.8 (74.3–82.7)
>65 3886 3451 88.8 (87.8–89.8) 90.1 (88.5–91.5)

≤75 1759 1435 81.6 (79.7–83.4) 81.7 (78.6–84.4)
>75 3006 2715 90.3 (89.2–91.4) 91.7 (90.2–92.9)

# SUDAAN is a statistical software package.

Table 3. Comparison between people with dementia and normal elderly.

Total Elderly with
Dementia Normal Elderly p-Value

Number (n) 4765 4150 615

Gender
Male (n, %) 2308 48.4% 1967 47.4% 341 55.5%

0.0002 *Female (n, %) 2457 51.6% 2183 52.6% 274 44.6%

Age (years, mean ± SD) 76.98 ± 13.39 77.67 ± 13.17 72.27 ± 13.96 <0.0001 *

Education

(n = 4633) (n = 4023) (n = 610)

<0.0001 *

Illiterate (n, %) 1757 37.9% 1537 38.2% 220 36.1%
Literate, less than 6 years

(n, %) 1613 34.8% 1482 36.9% 131 21.5%

7–9 years (n, %) 468 10.1% 382 9.5% 86 14.1%
More than 10 years (n, %) 789 17.0% 616 15.3% 173 28.4%

Other * (n, %) 4 0.1% 4 0.1% 0 0.0%

MMSE (mean ± SD) 17.16 ± 6.81
(n = 1798)

14.38 ± 5.54
(n = 1217)

22.97 ± 5.40
(n = 581) <0.0001 *

CDR

(mean ± SD) 2.37 ± 0.89
(n = 3919)

2.37 ± 0.89
(n = 3917)

0.50 ± 0
(n = 2)

0.0092 *CDR 0.5 (n, %) 291 7.4% 289 7.4% 2 100%
CDR 1 (n, %) 546 13.9% 546 13.9% 0 0%
CDR 2 (n, %) 668 17.1% 668 17.1% 0 0%
CDR 3 (n, %) 2414 61.6% 2414 61.6% 0 0%

ADL score (mean ± SD) 24.99 ± 31.94 20.34 ± 29.15 56.41 ± 32.25 <0.0001 *

IADL score (mean ± SD) 1.00 ± 1.65 0.69 ± 1.31 3.05 ± 2.15 <0.0001 *

Clinical Dementia Rating (CDR), Mini-Mental State Examination (MMSE), activities of daily living (ADL), and
instrumental activities of daily living (IADL). * Foreign language education, military school.
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Table 4. Comorbidities.

Disease Total Elderly with Dementia Normal Elderly p-Value a

(n) 4764 4149 615

Hypertension (n, %) 2812 59.0% 2472 59.6% 340 55.3% 0.0432 *
Respiratory diseases (n, %) 581 12.2% 534 12.9% 47 7.6% 0.0002 **
Parkinsonism (n, %) 336 7.1% 308 7.4% 28 4.6% 0.0095 **
DM (n, %) 1399 29.4% 1204 29.0% 195 31.7% 0.1719
Skeletal system disease (n, %) 366 7.7% 309 7.5% 57 9.3% 0.1136
Visual system disease (n, %) 170 3.6% 145 3.5% 25 4.1% 0.4768
Stroke (n, %) 1461 30.7% 1312 31.6% 149 24.2% 0.0002 **
Coronary artery disease (n, %) 638 13.4% 553 13.3% 85 13.8% 0.7378
Atrial fibrillation or other rhythm
disorders (n, %) 118 2.5% 103 2.5% 15 2.4% 0.9484

Cancer (n, %) 127 2.7% 106 2.6% 21 3.4% 0.2167
Digestive system diseases (n, %) 684 14.4% 600 14.5% 84 13.7% 0.5962
Psychiatric disease (n, %) 697 14.6% 610 14.7% 87 14.2% 0.7158
Refractory epilepsy (n, %) 164 3.4% 153 3.7% 11 1.8% 0.0159 *

a Chi-squared test was used for category variable. * p < 0.05; ** p < 0.01.

4. Discussion

Compared with a previous study [17] in Taiwan 15 years ago, the prevalence of
dementia in long-term care units increased dramatically from 45.7% (26.8–64.5%, depending
on the type of institution) to 87.1%. Among them, 7.4% of residents were diagnosed with
VMD. In general, this means that about 85% of institutional residents have varying degrees
of cognitive dysfunction. We expect that the prevalence of dementia in long-term care
units could increase but the result far exceed expectations. Besides, the mean age of this
study (76.98 ± 13.39) was even smaller than that of the previous study (79.4 ± 7.2) [17].
Traditionally, Taiwanese tend to take care of their elders at home. Sending parents to
an institution for care may be considered unfilial, so this is usually not the first choice.
However, the prevalence of dementia in institutions is still rising sharply, regardless of
resident age. We speculate that there may be some possible explanations for these findings.

First, age as the main and inevitable risk factor for dementia has impacted greatly
on incidence. When the average life expectancy increases, the incidence of dementia rises
accordingly [7]. Over the past three decades, the prevalence of dementia nationwide has
increased 4.5 times from 1.7 to 8.04% in Taiwan [2,20,30–33]. In 2004, there were an estimated
90,000 dementia patients in 23 million populations. It took only 16 years for the number to
more than triple to 291,000 without much increase in the total population. Alzheimer’s disease
and vascular dementia were most common causes of dementia [2,34]. The rapidly increasing
number of patients with dementia makes the society difficult to cope with.

Second, Alzheimer’s disease as the most common dementia is a neurodegenerative
disease and progresses slowly. Advanced medical treatment [35] and proper nursing care
may increase survival from dementia diagnosis, and therefore also lengthen the patient’s
incapacity time after illness. Besides, with the implementation of the long-term care policy,
people are more aware of dementia and patients are diagnosed earlier. Dementia survival
time is negatively associated with age at diagnosis [36]. The prevalence is based on the
incidence of the disease and duration of illness. With the increase in the incidence of
dementia and the survival time of dementia, the prevalence has increased sensibly.

Third, this study randomized sampled subjects from all 22 administrative regions
across the country and proportionally distributed subjects in all kinds of institutions.
Compared with the previous study [17], some counties with a degree of aging higher
than the national average, such as Miaoli and Yilan, were also included in this study.
Yilan County is located in the eastern part of Taiwan, which has the highest prevalence of
dementia in Taiwan [33]. Since counties with older age and higher prevalence of dementia
were included, the prevalence of this study also increased.
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Finally, the difficulty of caring for people with dementia is well known. Taiwan
reached an aging society in September 1993 and kept going at an extremely rapid rate. It
took less than 25 years for people aged 65 years to double and the country entered an aged
society in March 2018, two years earlier than expected. Even more amazing is that it is
estimated that it will only take 7 years to enter the super-aged society in 2025. As an aged
society, the old age dependency ratio increased rapidly from 10.48 in 1993 to 20.07 in 2018.
Meanwhile, the aging index increased 4 times from 28.2 to 112.6 according to the Taiwan
Ministry of the Interior. The number of members per household also decreased rapidly.
Change in family structure leads to fewer caregivers in the family. Young people are the
main source of income for the family. It is not economical if they take care of their elders
at home. Besides, caring for patients with dementia is physically and labor intensive and
people often cannot take care of the patient alone.

Probably based on the above factors and study design, the prevalence of dementia in
institutions varies greatly in various regions of the world. Reports of institutional dementia
prevalence were approximately 49.9% in the Jerusalem area [12], 56.9% in Canada [11],
62–88% in the United Kingdom [9,10], 82.8% in Norway [37], 85.2% in Austria, and 53.0%
in the Czech Republic [8] (Appendix C). In the United States, 40% of assisted living facility
residents [38] and 50% of nursing home residents [39] had dementia in 2014. Our finding
was similar or slightly higher than that in the United Kingdom, Norway, and Austria.

The study also pointed out an important VMD group that has the opportunity to be
treated [29]. If we go with the flow, VMD progresses to dementia at a rate of 10–15% every
year [40]. Among all cognition decline residents, veteran homes host most VMD patients
(17.8%), follow by senior citizens’ institutions (7.8%). These findings hint that not only
the prevalence of dementia, but also the severity of it, varies among various institutions.
Timely interventions including cognition stimulation therapy [41] are more valuable in
specific institutes.

The strength of this study is mainly related to its large sample size and to it completely
including 22 administrative regions across the country and sampling subjects from senior
citizens’ institutions, nursing homes, and veteran homes according to the population ratio
of every county. Compared with the previous report [17], this study included more than
three times as many subjects (4765 vs. 1308). In addition, there are three more counties
than the previous study [17] including Miaoli County, Yilan County, and Lianjiang County.
Moreover, veteran homes mainly accommodating male residents were first included. This
study can fully present the most complete state of the residents of the institution.

There are some limitations in this survey. First, our trained evaluators and physicians
interviewed residents in different institutes by history taking, MMSE, and CDR. We lacked
laboratory reports, brain image studies, and other evaluation scores. Therefore, we could
not offer information about subtypes of dementia. Besides, 988 subjects were lost with
an 82.8% response rate. The reasons for failure to complete the tests included closed
institutions, discharge from the institution, traffic distance, and refusal for interview.

This study was conducted between July 2019 and February 2020 and revealed authentic
epidemiological findings from a world without COVID-19. Pandemic infectious disease
inevitably impacts on vulnerable elderly, especially those diagnosed with dementia or staying
at institutions. Patients with dementia cannot stand wearing a mask for a long time. It is even
more difficult for them to maintain social distancing. What is worse is that once the epidemic
begins in the institution, the result is often out of control. Patients with various degrees of
dementia may be vulnerable groups with high mortality rates under the epidemic disease. In
some condition, their family members are forced to isolate the patient at home strictly, but that
may increase the physical and mental stress on both the patient and their family. Therefore,
the prevalence of dementia may be affected as the virus spreads.

In conclusion, we have shown that in a rapidly aged society, the prevalence of all-cause
dementia in long-term care institutions can be as high as 87.1%. The dynamics of dementia
prevalence in long-term care units reminds us of the importance of timely health policy and
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social resources. This study was completed before the outbreak of COVID-19 in Taiwan
and could provide a precious hallmark for future epidemiological research.
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Appendix A. The Number of Estimated Samples by Long-Term Care Facilities

Senior Citizens’ Institutions Nursing Homes Veteran Homes TotalAdministrative
Regions Institutions Residents Samples 1 Institutions Residents Samples 1 Institutions Residents Samples 1 Institutions Residents Samples

Keelung City 29 1092 216 9 459 91 0 0 0 38 1551 307
Taipei City 103 4212 279 21 1168 78 0 0 0 124 5380 357
New Taipei

City
210 8148 212 82 5542 144 2 599 16 294 14,289 372

Taoyuan City 65 2539 156 44 2965 182 2 340 21 111 5844 358
Hsinchu City 10 360 123 5 185 63 1 190 65 16 735 252

Hsinchu
County

19 998 159 12 1013 162 0 0 0 31 2011 321

Miaoli County 15 737 159 12 652 141 0 0 0 27 1389 300
Nantou County 17 878 130 17 1317 195 0 0 0 34 2195 325
Taichung City 68 3118 135 70 5302 230 0 0 0 138 8420 365

Changhua
County

47 1797 129 38 2954 213 2 169 12 87 4920 354

Yunlin County 41 1784 217 13 701 85 1 266 32 55 2751 335
Chiayi City 14 693 106 14 1424 218 0 0 0 28 2117 324

Chiayi County 27 1077 169 13 972 153 0 0 0 40 2049 322
Tainan City 108 4299 168 76 4673 183 3 424 17 187 9396 367

Kaohsiung City 153 6095 215 68 3961 140 2 362 13 223 10,418 368
Pingtung
County

53 2183 189 24 1545 134 1 299 26 78 4027 349

Taitung County 13 676 173 4 248 64 1 184 47 18 1108 284
Hualien County 17 798 188 4 314 74 1 133 31 22 1245 293

Yilan County 39 1870 246 8 657 86 0 0 0 47 2527 332
Penghu County 3 112 70 2 122 76 0 0 0 5 234 146
Kinmen County 2 128 97 0 0 0 0 0 0 2 128 97

Lianjiang
County

1 13 12 1 9 9 0 0 0 2 22 21

Total 1054 43,607 3548 537 36,183 2721 16 2966 280 1607 82,756 6549
1 The number of survey samples was allocated according to the proportion of the number of residents of the three institutions in each administrative region.
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Appendix B. The Number of Actual Samples by Long-Term Care Facilities

Senior Citizens’
Institutions

Nursing Homes Veteran Homes Total

Keelung City 215 91 0 306
Taipei City 250 78 0 328

New Taipei City 200 102 16 318
Taoyuan City 151 177 21 349
Hsinchu City 102 63 65 230

Hsinchu County 119 141 0 260
Miaoli County 91 116 0 207

Nantou County 130 171 0 301
Taichung City 111 207 0 318

Changhua County 107 211 12 330
Yunlin County 173 85 32 290

Chiayi City 106 209 0 315
Chiayi County 106 110 0 216

Tainan City 143 126 17 286
Kaohsiung City 122 119 14 255

Pingtung County 167 134 26 327
Taitung County 173 64 47 284
Hualien County 188 60 31 279

Yilan County 204 86 0 290
Penghu County 70 76 0 146
Kinmen County 97 0 0 97

Lianjiang County 13 8 0 21
Total 3038 2434 281 5753

Appendix C. Review of Dementia Prevalence in Long-Term Care Facilities

Region Author Year Country/Region Sample Size (n) Dementia (n) Prevalence (%)

Europe

Adolfsson [42] 1981 Sweden 780 439 56.3
Dehlin [43] 1985 Sweden 200 105 52.5

Donnelly [44] 1989 Ireland 429 213 49.7
Jakob20 [45] 2002 Germany 185 89 48.1

Wancata [16,46] 2004 Austria 249 159 63.9

Helvik [37]
2015 (Year of

study 2004/2005)
Norway 1163 932 80.1

Zwakhalen [47] 2009 The Netherlands 179 117 65.4
Gutiérrez

Rodríguez [48]
2009 Spain 215 74 34.4

Hutsteiner [49] 2013 Germany 3928 1892 48.2
Reuther [50] 2013 Germany 4777 2531 53.0

Helvik [37]
2015 (Year of

study 2010/2011)
Norway 1858 1538 82.8

van Kooten [51] 2017 The Netherlands 200 168 84.0

Auer [8] 2018
Austria and

Czech Republic
965 528 54.7

LJ van de Rijt [52] 2020 United Kingdom 151 107 70.9

Asia
Chen, Ta-Fu [17] 2007 Taiwan 1308 631 48.2

Guo [18] 2012 China 264 97 36.7
Xu [19] 2017 China 943 420 44.5

America
Burton [53] 2001 USA 2153 1063 49.4
Alvarado-

Esquivel [13]
2004 Mexico 155 25 16.1

Africa Ouanes [54] 2014 Tunisia 77 45 58.4

Eurasia Amuk [55] 2009 Turkey 141 88 62.4

References
1. Power, M.C.; Mormino, E.; Soldan, A.; James, B.D.; Yu, L.; Armstrong, N.M.; Bangen, K.J.; Delano-Wood, L.; Lamar, M.; Lim,

Y.Y. Combined neuropathological pathways account for age-related risk of dementia. Ann. Neurol. 2018, 84, 10–22. [CrossRef]
[PubMed]

2. Liu, H.C.; Lin, K.N.; Teng, E.L.; Wang, S.J.; Fuh, J.L.; Guo, N.W.; Chou, P.; Hu, H.H.; Chiang, B.N. Prevalence and subtypes of
dementia in Taiwan: A community survey of 5297 individuals. J. Am. Geriatr. Soc. 1995, 43, 144–149. [CrossRef] [PubMed]

http://doi.org/10.1002/ana.25246
http://www.ncbi.nlm.nih.gov/pubmed/29944741
http://doi.org/10.1111/j.1532-5415.1995.tb06379.x
http://www.ncbi.nlm.nih.gov/pubmed/7836638


J. Clin. Med. 2022, 11, 1554 12 of 13

3. Seitz, D.; Purandare, N.; Conn, D. Prevalence of psychiatric disorders among older adults in long-term care homes: A systematic
review. Int. Psychogeriatr. 2010, 22, 1025–1039. [CrossRef] [PubMed]

4. Schaller, S.; Mauskopf, J.; Kriza, C.; Wahlster, P.; Kolominsky-Rabas, P.L. The main cost drivers in dementia: A systematic review.
Int. J. Geriatr. Psychiatry 2015, 30, 111–129. [CrossRef]

5. Sado, M.; Ninomiya, A.; Shikimoto, R.; Ikeda, B.; Baba, T.; Yoshimura, K.; Mimura, M. The estimated cost of dementia in Japan,
the most aged society in the world. PLoS ONE 2018, 13, e0206508. [CrossRef]

6. Dunkin, J.J.; Anderson-Hanley, C. Dementia caregiver burden: A review of the literature and guidelines for assessment and
intervention. Neurology 1998, 51, S53–S60. [CrossRef]

7. Livingston, G.; Sommerlad, A.; Orgeta, V.; Costafreda, S.G.; Huntley, J.; Ames, D.; Ballard, C.; Banerjee, S.; Burns, A.; Cohen-
Mansfield, J. Dementia prevention, intervention, and care. Lancet 2017, 390, 2673–2734. [CrossRef]

8. Auer, S.R.; Höfler, M.; Linsmayer, E.; Beránková, A.; Prieschl, D.; Ratajczak, P.; Šteffl, M.; Holmerová, I. Cross-sectional study of
prevalence of dementia, behavioural symptoms, mobility, pain and other health parameters in nursing homes in Austria and the
Czech Republic: Results from the DEMDATA project. BMC Geriatr. 2018, 18, 178. [CrossRef]

9. Matthews, F.E.; Dening, T. Prevalence of dementia in institutional care. Lancet 2002, 360, 225–226. [CrossRef]
10. MacDonald, A.; Cooper, B. Long-term care and dementia services: An impending crisis. Age Ageing 2007, 36, 16–22. [CrossRef]
11. Graham, J.E.; Rockwood, K.; Beattie, B.L.; Eastwood, R.; Gauthier, S.; Tuokko, H.; McDowell, I. Prevalence and severity of

cognitive impairment with and without dementia in an elderly population. Lancet 1997, 349, 1793–1796. [CrossRef]
12. Feldman, H.; Clarfield, A.M.; Brodsky, J.; King, Y.; Dwolatzky, T. An estimate of the prevalence of dementia among residents of

long-term care geriatric institutions in the Jerusalem area. Int. Psychogeriatr. 2006, 18, 643–652. [CrossRef] [PubMed]
13. Alvarado-Esquivel, C.; Hernández-Alvarado, A.B.; Tapia-Rodríguez, R.O.; Guerrero-Iturbe, Á.; Rodríguez-Corral, K.; Martínez,

S.E. Prevalence of dementia and Alzheimer’s disease in elders of nursing homes and a senior center of Durango City, Mexico.
BMC Psychiatry 2004, 4, 3. [CrossRef] [PubMed]

14. Afram, B.; Stephan, A.; Verbeek, H.; Bleijlevens, M.H.; Suhonen, R.; Sutcliffe, C.; Raamat, K.; Cabrera, E.; Soto, M.E.; Hallberg, I.R.
Reasons for institutionalization of people with dementia: Informal caregiver reports from 8 European countries. J. Am. Med. Dir.
Assoc. 2014, 15, 108–116. [CrossRef] [PubMed]

15. Mausbach, B.T.; Coon, D.W.; Depp, C.; Rabinowitz, Y.G.; Wilson-Arias, E.; Kraemer, H.C.; Thompson, L.W.; Lane, G.; Gallagher-
Thompson, D. Ethnicity and time to institutionalization of dementia patients: A comparison of Latina and Caucasian female
family caregivers. J. Am. Geriatr. Soc. 2004, 52, 1077–1084. [CrossRef]

16. Fagundes, D.F.; Costa, M.T.; da Silva Alves, B.B.; Benício, M.M.S.; Vieira, L.P.; Carneiro, L.S.; Nascimento, O.J.M.; Monteiro Junior,
R.S. Prevalence of dementia in long-term care institutions: A meta-analysis. J. Bras. Psiquiatr. 2021, 70, 59–67. [CrossRef]

17. Chen, T.-F.; Chiu, M.-J.; Tang, L.-Y.; Chiu, Y.-H.; Chang, S.-F.; Su, C.-L.; Chen, S.-J.; Lin, C.-W.; Shih, W.-Y.; Chen, T.H.-H. Institution
type-dependent high prevalence of dementia in long-term care units. Neuroepidemiology 2007, 28, 142–149. [CrossRef]

18. Guo, M.; Gao, L.; Zhang, G.; Li, Y.; Xu, S.; Wang, Z.; Qu, Q.; Guo, F. Prevalence of dementia and mild cognitive impairment in the
elderly living in nursing and veteran care homes in Xi’an, China. J. Neurol. Sci. 2012, 312, 39–44. [CrossRef]

19. Xu, S.; Jin, X.; Liu, C.; Jin, Y.; Xu, Y.; Chen, L.; Xu, S.; Tang, H.; Yan, J. Investigating the prevalence of dementia and its associated
risk factors in a Chinese nursing home. J. Clin. Neurol. 2017, 13, 10–14. [CrossRef]

20. Liu, C.; Lin, R.; Chen, Y.; Tai, C.; Yen, Y.; Howng, S. Prevalence of dementia in an urban area in taiwan. J. Formos. Med. Assoc.
Taiwan Yi Zhi 1996, 95, 762–768.

21. Liu, H.-C.; Wang, S.-J.; Fuh, J.-L.; Liu, C.-Y.; Lin, K.-P.; Lin, C.-H.; Wang, P.-N.; Lin, K.-N.; Wang, H.-C.; Chen, H.-M. The kinmen
neurological disorders survey (KINDS): A study of a Chinese population. Neuroepidemiology 1997, 16, 60–68. [CrossRef] [PubMed]

22. Daniel, W.W.; Cross, C.L. Biostatistics: A Foundation for Analysis in the Health Sciences; Wiley: New York, NY, USA, 2018.
23. Kafonek, S.; Ettinger, W.H.; Roca, R.; Kittner, S.; Taylor, N.; German, P.S. Instruments for screening for depression and dementia in

a long-term care facility. J. Am. Geriatr. Soc. 1989, 37, 29–34. [CrossRef] [PubMed]
24. Shyu, Y.-I.L.; Yip, P.-K. Factor structure and explanatory variables of the Mini-Mental State Examination (MMSE) for elderly

persons in Taiwan. J. Formos. Med. Assoc. 2001, 100, 676–683. [PubMed]
25. ; ; ; . [](MMSE) . 1989, 23, 39–42.
26. Lawton, M.P.; Brody, E.M. Assessment of older people: Self-maintaining and instrumental activities of daily living. Gerontol. 1969,

9, 179–186. [CrossRef]
27. Mahoney, F.I. Functional evaluation: The Barthel index. Md. State Med. J. 1965, 14, 61–65.
28. Morris, J.C. The clinical dementia rating (cdr): Current version and. Young 1991, 41, 1588–1592.
29. Morris, J.C.; Storandt, M.; Miller, J.P.; McKeel, D.W.; Price, J.L.; Rubin, E.H.; Berg, L. Mild cognitive impairment represents

early-stage Alzheimer disease. Arch. Neurol. 2001, 58, 397–405. [CrossRef]
30. Rin, H.; Huang, M.; Tseng, M. Prevalence of elderly dementias in Taipei area. Proc. Ann. Meet. Soc. Neurol. Psychiatry ROC 1987,

24.
31. Liu, H.-C.; Fuh, J.-L.; Wang, S.-J.; Liu, C.-Y.; Larson, E.B.; Lin, K.-N.; Wang, H.-C.; Chou, P.; Wu, Z.-A.; Lin, C.-H. Prevalence and

subtypes of dementia in a rural Chinese population. Alzheimer Dis. Assoc. Disord. 1998, 12, 127–134. [CrossRef]
32. Liu, H.-C.; Chou, P.; Lin, K.; Wang, S.; Fuh, J.; Lin, H.; Liu, C.; Wu, G.; Larson, E.; White, L. Assessing cognitive abilities and

dementia in a predominantly illiterate population of older individuals in Kinmen. Psychol. Med. 1994, 24, 763–770. [CrossRef]
[PubMed]

http://doi.org/10.1017/S1041610210000608
http://www.ncbi.nlm.nih.gov/pubmed/20522279
http://doi.org/10.1002/gps.4198
http://doi.org/10.1371/journal.pone.0206508
http://doi.org/10.1212/WNL.51.1_Suppl_1.S53
http://doi.org/10.1016/S0140-6736(17)31363-6
http://doi.org/10.1186/s12877-018-0870-8
http://doi.org/10.1016/S0140-6736(02)09461-8
http://doi.org/10.1093/ageing/afl126
http://doi.org/10.1016/S0140-6736(97)01007-6
http://doi.org/10.1017/S1041610205003091
http://www.ncbi.nlm.nih.gov/pubmed/17026778
http://doi.org/10.1186/1471-244X-4-3
http://www.ncbi.nlm.nih.gov/pubmed/15070420
http://doi.org/10.1016/j.jamda.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24238605
http://doi.org/10.1111/j.1532-5415.2004.52306.x
http://doi.org/10.1590/0047-2085000000298
http://doi.org/10.1159/000102142
http://doi.org/10.1016/j.jns.2011.08.026
http://doi.org/10.3988/jcn.2017.13.1.10
http://doi.org/10.1159/000109672
http://www.ncbi.nlm.nih.gov/pubmed/9057167
http://doi.org/10.1111/j.1532-5415.1989.tb01565.x
http://www.ncbi.nlm.nih.gov/pubmed/2642498
http://www.ncbi.nlm.nih.gov/pubmed/11760373
http://doi.org/10.1093/geront/9.3_Part_1.179
http://doi.org/10.1001/archneur.58.3.397
http://doi.org/10.1097/00002093-199809000-00002
http://doi.org/10.1017/S0033291700027914
http://www.ncbi.nlm.nih.gov/pubmed/7991758


J. Clin. Med. 2022, 11, 1554 13 of 13

33. Sun, Y.; Lee, H.-J.; Yang, S.-C.; Chen, T.-F.; Lin, K.-N.; Lin, C.-C.; Wang, P.-N.; Tang, L.-Y.; Chiu, M.-J. A nationwide survey of mild
cognitive impairment and dementia, including very mild dementia, in Taiwan. PLoS ONE 2014, 9, e100303. [CrossRef] [PubMed]

34. Yang, Y.; Fuh, J.; Mok, V.C. Vascular contribution to cognition in stroke and Alzheimer’s disease. Brain Sci. Adv. 2018, 4, 39–48.
[CrossRef]

35. Yang, Y.-H.; Liscic, R.; Dominguez, J. Framework of treating Alzheimer’s dementia. Brain Sci. Adv. 2019, 5, 82–93. [CrossRef]
36. Brodaty, H.; Seeher, K.; Gibson, L. Dementia time to death: A systematic literature review on survival time and years of life lost in

people with dementia. Int. Psychogeriatr. 2012, 24, 1034–1045. [CrossRef] [PubMed]
37. Helvik, A.-S.; Engedal, K.; Benth, J.Š.; Selbæk, G. Prevalence and severity of dementia in nursing home residents. Dement. Geriatr.

Cogn. Disord. 2015, 40, 166–177. [CrossRef]
38. Sengupta, M.; Harris-Kojetin, L.D.; Caffrey, C. Variation in Residential Care Community Resident Characteristics, by Size of Community:

United States 2014; US Department of Health and Human Services, Centers for Disease Control and Prevention, National Center
for Health Statistics: Atlanta, GA, USA, 2015.

39. Harris-Kojetin, L.; Sengupta, M.; Park-Lee, E.; Valverde, R.; Caffrey, C.; Rome, V.; Lendon, J. Long-term care providers and
services users in the United States: Data from the National Study of Long-Term Care Providers, 2013–2014. Vital Health Stat. Ser. 3
Anal. Epidemiol. Stud. 2016, x–xii, 1–105.

40. Boyle, P.; Wilson, R.; Aggarwal, N.; Tang, Y.; Bennett, D. Mild cognitive impairment: Risk of Alzheimer disease and rate of
cognitive decline. Neurology 2006, 67, 441–445. [CrossRef]

41. Spector, A.; Thorgrimsen, L.; Woods, B.; Royan, L.; Davies, S.; Butterworth, M.; Orrell, M. Efficacy of an evidence-based cognitive
stimulation therapy programme for people with dementia: Randomised controlled trial. Br. J. Psychiatry 2003, 183, 248–254.
[CrossRef]

42. Adolfsson, R.; Gottfries, C.G.; Nyström, L.; Winblad, B. Prevalence of dementia disorders in institutionalized Swedish old people
The work load imposed by caring for these patients. Acta Psychiatr. Scand. 1981, 63, 225–244. [CrossRef]

43. Dehlin, O.; Franzén, M. Prevalence of dementia syndromes in persons living in homes for the elderly and in nursing homes in
southern Sweden. Scand. J. Prim. Health Care 1985, 3, 215–222. [CrossRef] [PubMed]

44. Donnelly, C.; Compton, S.; Devaney, N.; Kirk, S.; McGuigan, M. The elderly in long-term care: 1—Prevalence of dementia and
levels of dependency. Int. J. Geriatr. Psychiatry 1989, 4, 299–304. [CrossRef]

45. Jakob, A.; Busse, A.; Riedel-Heller, S.G.; Pavlicek, M.; Angermeyer, M. Prevalence and incidence of dementia among nursing
home residents and residents in homes for the aged in comparison to private homes. Z. Fur Gerontol. Und Geriatr. 2002, 35,
474–481. [CrossRef] [PubMed]

46. Wancata, J.; Benda, N.; Meise, U. Non-cognitive symptoms of dementia—Prevalence and consequences. Psychiatr. Prax. 2004, 31,
346–351. [CrossRef] [PubMed]

47. Zwakhalen, S.M.; Koopmans, R.T.; Geels, P.J.; Berger, M.P.; Hamers, J.P. The prevalence of pain in nursing home residents with
dementia measured using an observational pain scale. Eur. J. Pain 2009, 13, 89–93. [CrossRef] [PubMed]

48. de Santa María Benedet, L. Prevalence and therapeutic management of dementia in nursing homes in Asturias (Spain). Rev. Esp.
De Geriatr. Y Gerontol. 2009, 44, 31–33.

49. Hutsteiner, P.; Galler, S.; Mendoza, M.; Klünemann, H. Prevalence of dementia in a rural nursing home population in Southern
Germany. Eur. J. Psychiatry 2013, 27, 174–184. [CrossRef]

50. Reuther, S.; Van Nie, N.; Meijers, J.; Halfens, R.; Bartholomeyczik, S. Malnutrition and dementia in the elderly in German nursing
homes. Results of a prevalence survey from the years 2008 and 2009. Z. Fur Gerontol. Und Geriatr. 2013, 46, 260–267. [CrossRef]

51. van Kooten, J.; Smalbrugge, M.; van der Wouden, J.C.; Stek, M.L.; Hertogh, C.M. Prevalence of pain in nursing home residents:
The role of dementia stage and dementia subtypes. J. Am. Med. Dir. Assoc. 2017, 18, 522–527. [CrossRef]

52. van de Rijt, L.J.; Feast, A.R.; Vickerstaff, V.; Lobbezoo, F.; Sampson, E.L. Prevalence and associations of orofacial pain and oral
health factors in nursing home residents with and without dementia. Age Ageing 2020, 49, 418–424. [CrossRef]

53. Burton, L.C.; German, P.S.; Gruber-Baldini, A.L.; Hebel, J.R.; Zimmerman, S.; Magaziner, J.; Group, E.o.D.i.N.H.R. Medical care
for nursing home residents: Differences by dementia status. J. Am. Geriatr. Soc. 2001, 49, 142–147. [CrossRef] [PubMed]

54. Ouanes, S.; Fekih-Romdhane, F.; Melki, W. Prevalence and management of dementia in nursing home residents in Tunisia. Int. J.
Geriatr. Psychiatry 2014, 29, 877–879. [CrossRef] [PubMed]
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