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Abstract: Purpose: This study aimed to conduct a qualitative evaluation by synthesizing previous
studies on the effect of transcranial direct current stimulation (tDCS) on primary progressive aphasia
(PPA)’s naming ability and prove the effects of tDCS mediation on PPA naming using meta-analysis.
Methods: This study searched literature published from January 2000 to July 2019 using four academic
databases (i.e., PubMed, Web of Science, MEDLINE, and Cochrane Library). The final seven
publications were systematically evaluated and meta-analysis was conducted for two papers. The
effect size was estimated by a standard mean difference (SMD) using Hedge’s g, and the significance
of effect size was confirmed using the 95% confidence interval. Results: The results of seven previous
studies’ quality assessments ranged from 15 to 26, which were rated above adequate. The results of the
meta-analysis showed that the effect size was 0.82 (95% CI: 0.16-1.47), which was a significant ‘large
effect’. Conclusions: This meta-analysis proved that tDCS intervention significantly improved the
naming performance of PPA. Future studies must confirm the effects of tDCS on naming intervention
by using meta-analysis including many RCT studies.

Keywords: brain stimulation; dementia; meta-analysis; naming; primary progressive aphasia;
qualitative evaluation

1. Introduction

Naming is widely used as a representative screening test for determining communication disorders
around the world. Naming is divided into confrontation naming and generative naming [1]. The
confrontation naming requires the complex coordination of visual stimuli, object recognition, linguistic
system, vocabulary system, and phonological production system and it is affected by the function
of the temporal lobe [1]. If the brain area associated with word recall is damaged, the confrontation
naming function will be compromised [2,3].

On the other hand, generative naming is an evaluation that produces words in a specific category
during a given time [4]. It is composed of semantic fluency, which expresses words associated with a
presented category (e.g., animal) voluntarily, and phonemic fluency, which speaks given phonemes
(e.g., words beginning with ‘k”) voluntarily [5]. Generation naming, unlike confrontation naming
requiring the role of the temporal lobe, is affected by the frontal lobe’s executive function, which searches
for information and yields words using presented clues [6]. In particular, confrontation naming drew
attention as an indicator for detecting neurolingual disorders as soon as possible and measuring the
recovery of them because naming is the communication problem that commonly remains until the
last recovery stage for patients with fluent aphasia and those with nonfluent aphasia [7]. It has been
used as the most representative test for determining the communication problems of patients with
neurolingual disorders [7].
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Recent studies have reported that naming is one of the most prominent language problems due to
dementia [8,9]. Although the degeneration of naming abilities occurs at a different stage depending on
dementia types [10], it is a common language deficit of most dementia patients and naming issues
are observed from the incipient stage [11]. Particularly, primary progressive aphasia (PPA), a type of
dementia, is a neurological dysphasia associated with temporal lobe atrophy and it is different from
other dementia types (e.g., Alzheimer’s disease) in the aspect that a language defect occurs ahead of
a cognitive ability defect [12]. PPA draws attention because of language disorders such as naming,
advance gradually, unlike the aphasia, a neurogenic language disorder. In other words, PPA gradually
loses naming abilities such as verbal fluency while maintaining other communication abilities such as
articulation ability. Therefore, naming is an important indicator in identifying and intervening PPA in
the early stage and many researchers have been interested in this topic due to this reason [13].

On the other hand, the safety of brain stimulation such as tDCS, which stimulates the brain
using electricity, has been proved and it has been widely used in the clinical coalface [14]. tDCS is
brain stimulation stimulating a large area, unlike repetitive transcranial magnetic stimulation (rTMS)
stimulating a small area intensively [15]. It has many advantages: It is inexpensive compared to rTMS,
is portable because it is light, and does not require a specific posture in the course of treatment [15].

Many studies have proved the effectiveness of tDCS since 2010, and meta-studies are actively
conducted in recent years to establish the basis of tDCS [16-18]. In the early stages of development,
tDCS was used mainly in the fields of exercise rehabilitation and mental health (e.g., schizophrenia
and depression) [17]. However, the use of tDCS tended to increase in recent years as a tool for the
linguistic mediation of patients with a neurological impairment such as aphasia and dementia [18].
However, since the research trends to date are mainly limited to the fields of exercise rehabilitation and
mental health, more studies are needed to prove the effectiveness of tDCS on dementia.

Up to date, the effects of tDCS on cognition and linguistic abilities are still controversial [19]
and, above all, no common implications have been drawn to improve the language ability of PPA.
Therefore, it is needed to prove the therapeutic effect of PPA scientifically. This study aimed to conduct
a qualitative evaluation by synthesizing previous studies on the effect of tDCS mediation on PPA’s
naming ability and prove the effects of tDCS mediation on PPA naming using meta-analysis.

2. Methods

This study carried out systematic analysis and meta-analysis in the process of research question
selection, systematic literature search and selection, quality evaluation of literature, data extraction
and coding, data analysis, and result report preparation.

2.1. Literature Search

This study searched literature published from January 2000 to July 2019 using four academic
databases (i.e., PubMed, Web of Science, MEDLINE, and Cochrane Library). The search terms included
‘Dementia’, ‘Primary progressive aphasia’, ‘Neurodegenerative diseases’, “Transcranial direct current
stimulation’, tDCS’, “‘Naming’, ‘Generative naming’, ‘Naming ability’, ‘Confrontational naming/’,
‘Responsive naming’, ‘Semantic fluency’, ‘Verbal fluency’, ‘Phonemic fluency’, “Executive function’,
‘Cognitive rehabilitation’, ‘Cognitive training’, ‘Language recovery’, and ‘Language therapy’.

2.2. Literature Selection

The literature was selected based on the Patient-Intervention-Comparison—-Outcome-Study
design (PICOS) [20] of the PRISMA protocol. The selection and exclusion of the searched literature
were conducted by three researchers independently. When there is a discrepancy in selection and
exclusion, the three researchers discussed whether the publication should be included in or excluded
from the systematic review or now. The inclusion criteria of this study were (1) studies conducted on
PPA, (2) studies confirming the effects of tDCS, (3) experimental studies, and (4) studies published in
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English. This study excluded qualitative studies, unpublished publications including dissertations,

and articles published in other languages such as French, German, and Chinese.

This study found 132 publications in total. In the first step, 31 duplicated publications were
excluded by comparing titles and abstracts. Moreover, 53 publications not related to the study topic
were excluded. In the second step, the full texts of the remaining 48 publications were carefully
examined and 41 publications were excluded. The excluded studies were non-experimental studies
(n = 12), those without original full text (n = 3), those not evaluating dementia (n = 17), and those with
inaccurate outcomes (n = 9). As a result, the final seven publications were systematically evaluated
and meta-analysis was conducted for two papers, which we could extract representative values. The

flow diagram of this study is shown in Figure 1.

31 duplicate records removed

53 studies excluded
base on abstract

I
132 Records is identified through database searching
H Pubmed {n=43)
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Figure 1. The flow diagram of this study.
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2.3. Quality Assessment

This study used “Standard Quality Assessment Criteria for Evaluating Primary Research Papers
from a Variety of Fields [21]” for quality assessment. This evaluation tool measured scores using a
three-point scale (Yes = 2, Partial = 1, No = 0, N/A) and summed the scores of 14 evaluation items.
The total score was converted into a percentage value and divided into strong (>80%), good (70-80%),
adequate (50-69%), and limited (<50%) to examine the overall quality of studies [22]. The quality
assessment of studies was performed by two researchers independently. If there is a discrepancy in the
quality assessment item of a specific study, the final score was determined by discussion.

2.4. Meta-Analysis

This study extracted the analysis data of the selected publications and conducted meta-analyses
for publications that could be statistically integrated using R version 3.4.2 (Foundation for Statistical
Computing, Vienna, Austria). The representative values used for the analysis were estimated by
calculating the difference between the treatment group’s mean and the control group’s mean and the
mean differences normalized by standard deviations. The mean differences normalized by standard
deviations were calculated according to Equation (1).

\JS12, + 812, = (23X Corr X Sl X STpost) (1)

The effect size was estimated by a standard mean difference (SMD) using Hedge’s g, and the
significance of effect size was confirmed using the 95% confidence interval. The calculated effect size
was interpreted as ‘small effect” when it was smaller than 0.32, ‘middle effect’ when it was between 0.33
and 0.55, and ‘big effect’ when it was 0.56 or higher. Publication bias could not be estimated because
target publications were less than 10.

3. Results

3.1. Quality Assessment Results

The quality assessment results of this study are presented in Table 1. The results of seven previous
studies’ quality assessments ranged from 15 to 26, which were rated above adequate. All seven
studies systematically presented the ‘objective of study’, ‘research design’, and ‘conclusion’ suitable
for each item. Six studies, except one study [23], described the procedure of random allocation in the
methodology section. While conducting studies, three studies [24-26] blinded researchers and four
studies [24,26-28] blinded subjects. Six studies [23-28], except for [29], described the measurement
methods and evaluation tools in detail. However, only one study [25] conducted a power test before
starting the experiment. Additionally, only two studies controlled confounding variables [24,28].

Table 1. Results of the publication’s quality assessment.

Criteria

2 3 4 5 6 7 8 9 10 11 12 13 14  Total
Study
Wang, et al. 2013 [29] + + + + N/A N/A NA + - - + + + + 15
Cotelli, et al. 2014b [24] + + + + + + + + + + + + + + 26
Tsapkini, et al. 2014 [27] + + + + + - + + + + + + + + 22
Hung, et al. 2017 [23] + + + + - N/A N/A + + + + + + + 18
McConathey, et al. 2017 [28] + + + + + - + + + + + + + + 24
Ficek, et al. 2018 [25] + + + + + + + + + + + + + + 25
Tsapkini, et al. 2018 [26] + + + + + + + + + + + + + + 22
+=2,+=1,-=0.

3.2. Effects of tDCS on Improving the Naming Ability for PPA

The effects of tDCS on improving the naming ability for PPA were analyzed and the results are
presented in Table 2. Ficek et al. (2018) [25] examined the combined effects of tDCS and speech therapy
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on 24 patients with PPA using letter accuracy. Their results showed that letter accuracy improved
for the tDCS group and the placebo stimulation group but the improvement of the tDCS group was
significantly larger. Hung et al. (2017) [23] evaluated the accuracy of naming by combining semantic
feature training and tDCS intervention for patients with PPA and those with alzheimer’s disease
(AD). Hung et al. (2017) [23] tested the intervention effect by dividing the results of the compounded
intervention into trained items and untrained items. It was found that the trained items had higher
accuracy than the untrained items after tDCS intervention and the effect was maintained until the
follow-up period. Tsapkini et al. (2014) [27] evaluated the compound effects of spelling intervention
and tDCS for six patients with PPA. In the untrained spelling item, the group which received tDCS and
spelling intervention maintained the improved ability longer than the group which received placebo
stimulation and spelling intervention. Tsapkini et al. (2018) also examined the combined effects of
tDCS and naming/spelling intervention on 36 patients with PPA and reported that the trained items
of the tDCS group were significantly improved immediately after the intervention. The difference
between the trained words and the untrained words increased for the tDCS group and the placebo
stimulation group as time goes on.
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3.3. Meta-analysis for the Effects of tDCS Intervention on the Naming Performance of Patients with PPA

SMD about the effects of tDCS intervention on naming performance was analyzed (Figure 2). The
results showed that the effect size was 0.82 (95% CI: 0.16-1.47), which was a significant ‘large effect’.

Standardised mean

Experimental Control diff Weight Weight
Study Total Mean SD Total Mean sD ference SMD 95%-Cl (fixed) (random)
Cotelli et al. 2014 8 24.00 7.8460 8 17.1 6.6008 ——+— 090 [-0.14; 1.94] 39.0% 39.0%
Ficek et al. 2018 12 44.03 27.0727 12 23.0 26.2766 +—+s—— 076 [[0.07:1.60] 61.0%  61.0%
Fixed effect model 20 20 —_— 0.82 [ 0.16; 1.47] 100.0% -
Random effects model —_— 0.82 [ 0.16; 1.47] __ 100.0%
Heterogeneity: # = 0% +*= 0 p= 084 L B R B

-1.5-1-050 05 1 1.5

Figure 2. Effects of transcranial direct current stimulation (tDCS) intervention on patients with primary
progressive aphasia (PPA’s) naming performance.

4. Discussion

This study conducted systematic reviews and meta-analysis to establish the scientific basis
regarding the effect of tDCS on PPA’s naming ability based on literature published from January 2000
to May 2019. This study evaluated the quality of seven studies and found that, even though most of
them were designed as RCT studies and blinded either researchers or subjects, only one study [25]
conducted power analysis and only two studies controlled confounding variables [24,28]. Since the
sample size bias has the possibility to distort the results of studies, it is recommended to carry out
RCT studies that estimate sample size and control confounding variables before designing studies in
the future.

This study conducted pre- and post-meta-analysis and found that tDCS intervention had a
significant effect on improving PPA’s naming ability. PPA is a degenerative disease that causes
linguistic problems such as naming ahead of cognitive problems such as orientation and visuospatial
abilities [12,25,30]. The problem of naming ability is clearly observed from the incipient stage [12].
PPA may be classified as speech logopenic progressive aphasia, semantic dementia, or progressive
nonfluent aphasia [31]. Naming ability decreases in patients with PPA regardless of PPA types [32].
PPA shows the deficiency of linguistic ability primarily and tDCS may have a significant effect on the
PPA’s naming performance.

It is known that tDCS promotes and inhibits the spontaneous activity of the cranial nerve by
stimulating with minute DC current through the scalp and making the DC reach the cerebral cortex [33].
In other words, tDCS stimulates the brain with a weak current below 2 mA to regulate the resting
membrane potential voltage and induces changes in the spontaneous discharge rate of nerve cells
and the activation of N-methyl-D-aspartic acid (NMDA) receptor [33]. However, how tDCS improves
naming is not clearly known because the effectiveness of tDCS began to be evaluated in very recent
years and there are no large-scale and long-term follow-up studies that evaluated the effects of tDCS
on the improvement of naming [34]. Nevertheless, the results of this meta-analysis show that tDCS
had a significant effect on improving PPA’s naming performance suggested tDCS could be an effective
language mediator of PPA. Long-term follow-up studies will be needed to identify the effects of
tDCS fully.

The importance of this study was that this study established the scientific foundation to evaluate
the effects of tDCS on the naming ability of PPA. The limitations of this study are as follows. First,
although this study collected and analyzed literature through various academic databases, this study
only evaluated publications written in English and excluded papers written in other languages such
as French and Chinese. Second, this study could not conduct a bias test because meta-analysis only
analyzed two studies and there was a limit in proving the results. If the sample is small, the variance
and standard deviation of individual studies become relatively large, which affects the confidence
interval of the overall effect size and increases type II error. However, it is believed that the bias due to
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the small sample size was negligible because this study confirmed that the effects of tDCS intervention
on PPA’s naming performance were a significant ‘big effect’. In the future, meta-analysis containing
more samples is required.

5. Conclusions

This meta-analysis proved that tDCS intervention significantly improved the naming performance
of PPA. However, the results should be generalized very carefully because the meta-analysis was
conducted on only a few samples. Therefore, future studies must confirm the effects of tDCS on naming
intervention by using meta-analysis using many RCT studies.
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Abstract: Frailty characterizes a state of impairments that increases the risk of adverse health out-
comes such as physical limitation, lower quality of life, and premature death. Frailty prevention,
early screening, and management of potential existing conditions are essential and impact the elderly
population positively and on society. Advanced machine learning (ML) processing methods are one
of healthcare’s fastest developing scientific and technical areas. Although research studies are being
conducted in a controlled environment, their translation into the real world (clinical setting, which is
often dynamic) is challenging. This paper presents a narrative review of the procedures for the frailty
screening applied to the innovative tools, focusing on indicators and ML approaches. It results in
six selected studies. Support vector machine was the most often used ML method. These methods
apparently can identify several risk factors to predict pre-frail or frailty. Even so, there are some
limitations (e.g., quality data), but they have enormous potential to detect frailty early.

Keywords: frailty; indicators; screening; artificial intelligence; healthcare

1. Introduction

”

With the growing aging population worldwide, an important subject matter is “frailty
(or fragility) which is closely age-related [1]. Living longer can lead to a longer period of
frailty with increased demand for care [2]. The proportion of the elderly is expected to be
approximately 30% of the population by 2060, in Europe [3]. Moreover, aging expenditures
are projected to increase by 1.5 percentage points of GDP, from 26.8% in 2013 to 28.3%,
in 2060 [4]. Frailty is a broad term used to denote a complex clinical condition [5,6]
that can be defined as a medical syndrome caused by multisystem dysregulation and
contributors. In addition, it is characterized by loss of health reserves (e.g., physical
fitness), reduced physiologic function, and impaired homeostasis, which increases an
individual’s vulnerability, resulting in risk for early dependency, morbidity, and/or death
when exposed to stressors. In summary, the frailty syndrome involves the main domains:
physical, psychological, social, cognitive, and environmental [6-11]. Moreover, frailty
characterizes a state of impairments that increase the risk of negative health outcomes such
as physical limitation, falls, fractures, disability, morbidity, dependence, hospitalization,
institutionalization, lower quality of life, and premature death [4,12-15].

Barriers to implementing frailty screening in clinical settings still exist as a lack of
consensus on the assessment tool best suited to each domain and undetermined cost-
effectiveness [16]. Moreover, it is imperative to note that the frailty assessment tools can
provide different data regarding the incidence of frailty [17]. The identification of frailty
might seem an ideal way to identify the elderly who need additional healthcare support
services. In a recent review, Liotta and colleagues (2018), from a public health perspective,
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stressed that it is vital to identify factors that contribute to successful health and social care
interventions and to the health systems’ sustainability [18]. Nevertheless, there is a lack
of substantial research evidence to support this strategy and to identify the most effective
tools to detect frailty [10]. In addition, there is no consensus about the key components and
assessment of frailty [19].

In a systematic review, Sutton and colleagues (2016) identified 38 multi-component
frailty assessment tools where, surprisingly, only 5% (2/38) of the frailty assessment tools
had evidence of reliability and validity that was within statistically significant parameters
and of fair-excellent methodological quality: the Frailty Index—Comprehensive Geriatric
Assessment and the Tilburg Frailty Indicator [20]. In addition, a score or set of criteria was
used, developed, and validated to identify frailty. The most common frailty instruments
used in research and clinical practice are the Fried frailty phenotype (FP), which is based
on five items (slow walking speed, weak grip strength, low physical activity, unintended
weight loss, and exhaustion), minimum of three of five criteria for classifying as frailty [21-23].
Nevertheless, there is insufficient evidence to determine the best tool for use in research
and clinical practice [20].

According to an umbrella review, despite these broadly used conventional methods,
few frailty measures seem to be valid, reliable, diagnostically accurate, and virtuous predic-
tive abilities. Moreover, they reported that the Frailty Index (and gait speed) emerged as the
most useful in routine care and community settings [24]. The traditional measurements of
frailty have potential limitations and challenges: for example, single measures of physical
performance (such as timed-get-up-and-go) or a set of physical features (such as FP) are clin-
ically suitable and validated to predict poor outcomes in older adults. Nevertheless, they
have shown low consistency, accuracy, reliability, and inter-rater understanding. Moreover,
these measures require specialized equipment (e.g., dynamometer to grip strength), not
always clinically viable (e.g., for patients with dementia), and also require a manual evalua-
tion process (e.g., timed-get-up-and-go) that is subject to operator error due to the need for
training beyond time to administer [25]. Furthermore, the prevalence of frailty varies across
settings and adopted tests, making it difficult to scale to the population level [21,22,25,26].
In this view, an alternative is exploring approaches to screening frailty from routinely
collected data (e.g., medical claims, prescriptions, administrative data, and individual
records) [25].

The presented work is part of the Frailcare.AI project. Its primary objective is to
develop intelligent tools that aim to improve pathways for the identification of fragility in
senior citizens in the Portuguese population. This paper aims to review tools and clinical
indicators for identifying early frailty and supply evidence for developing innovative tools
and artificial intelligence (AI) technologies to support frailty care. This review provides
recent evidence for the assessment and screening of frailty. It reviews the existing tools
and clinical indicators for complex frailty, focusing on measures extracted from healthcare
datasets. We seek to improve knowledge and application opportunities for machine learn-
ing (ML). This intelligent screening tool relies on an approach that includes ML methods.

1.1. Background

ML methods can adapt conventional frailty screening methods validated in previous
studies. While Al is a subfield of computer science dedicated to providing computers
with intelligent problem-solving capabilities, including planning, reasoning, perception,
or learning (i.e., Al aims to mimic human intelligence and behavior through systems),
ML, a subfield of Al provides algorithms that build mathematical models based on sam-
pled data. These models map input data to desired outputs. Inputs can be images and
an arbitrary sequence of numerical or categorical data. The inputs are also known as
features [27-30].

The Al resource includes advanced algorithms and methods that do not even pro-
cess quantitative data. Consequently, comparing ML to traditional statistical methods
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makes it coherent. Conventional statistical models focus on discovering interactions and
confidence intervals between data points and outcomes; comparatively, ML approaches
seek to reach high prediction accuracy, placing less emphasis on whether it is possible to
interpret the model. Prediction is critical in ML to generate otherwise unavailable data.
Moreover, ML is often better fitting for significant input variables (e.g., time series from
biosignals), and the traditional analysis with statistical models is intended for data with
tens of input columns [28].

1.1.1. Decision Trees

Decision tree (DT) classification is broadly used for different classification tasks (for
example, pattern recognition). DTs make their decisions from the root, all the way up to the
branches. The DT approach essentially partitions the space into subspaces by computing
the decision boundaries for each node, and it continues adding inputs to the tree nodes
until no further improvement can be made to the prediction results. The leaf nodes in the
decision tree are labeled according to the groups in the classification problem [31,32].

1.1.2. K-Nearest Neighbours

K-nearest neighbor (KNN) is among the generally used classification approaches. Its
algorithm does not create any model through learning strategies. Its training is based on
sorting the class labels of the training dataset together with the feature vectors for each
record. The accuracy of this model is comparable to more complicated classifiers [31,33].

1.1.3. Support Vector Machine

Support vector machine (SVM) is a supervised classification algorithm; in supervised
learning, the models are trained based on given examples, containing inputs and desired
outputs provided by an expert (e.g., physical therapist). The SVM has been applied to many
real-world classification problems because of its effectiveness, such as pattern recognition
for text classification and bioinformatics systems. SVMs are robust to overfitting and
have a prominent generalization capability, as well as being good at handling complex,
nonlinear scenarios and tending not to overfit. Moreover, SVM is robust to bias and variance
of data and results in accurate predictions for either binary or multiclass classifications.
As such, SVM has been broadly used in health research, for example, to identify imaging
biomarkers of neurological and psychiatric disease, cancer diagnosis, and early detection
of Alzheimer’s, among others [29,31-34].

1.1.4. Artificial Neural Networks

As a brain’s neurons, the artificial neural networks (ANN or NN) are a class of
nonlinear statistical algorithms modeled, able to process information. Thus, this approach
is defined by how the components of the network are linked and the weights of these
connections. This learning process constructs derived parameters as linear combinations of
the input parameters and then further models the outcome as a nonlinear constructions of
these derived parameters. Although they are excellent at handling many inputs, they are
rather computationally costly [32].

1.1.5. Random Forest

The random forest (RF) consists of many decision trees that operate as an ensemble.
Each tree provides a class prediction, and the prediction with the most votes turns into the
overall model prediction. Therefore, this method is a random forest consisting of a set of
individual decision trees; hence, individual errors of the trees are decreased. RF results in
a good performance on imbalanced datasets while handling missing values well. These
models are not substantially affected by outliers in data. Such decision trees are designed
to have a low correlation to each other to encourage range among the trees. Moreover, RFs
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use the rules of bootstrapping and aggregating to build trees based on several subsets of
the training data using different subsets of features [21,35].

1.1.6. Extreme Gradient Boosting

Extreme gradient boosting (XGBoost) is a supervised machine learning model. This
method builds a robust model created on weaker models that are short decision trees.
The XGBoost works on building a new weak model designed to predict the residual values
between the ground truth and the robust model. These weak models are then added to the
overall robust model. The predictions of the models are added simultaneously to make
the final prediction. The main benefits are execution speed and model performance. These
models use boosting, an ensemble method where each tree or model corrects errors made
by earlier trees. XGBoost requires minimal feature engineering, allowing steps such as
normalizations and scaling to be omitted, and outliers have little impact [21,35,36].

2. Methods
Search Strategy and Data Extraction

Studies were sought using general (Web of Science and Google Scholar) and healthcare
(PubMed and The Lancet) databases. Two independent reviewers reviewed all the titles and
abstracts in the first selection step. Three keywords were used without period restriction:
Frailty screening, as this was the focus of this review, artificial intelligence (Al), and machine
learning because ML was considered a subarea of Al. The study inclusion criteria were
(i) it described frailty screening tools; (ii) the population was presented with pre-frail or
frail conditions/concepts; (iii) studies about frailty indicators, validity studies, articles on
frailty screening (frailty assessment, detection, or prediction), and contained significant
determinants of frailty; (iv) or if they had a combination of all these criteria. The exclusion
criteria were (i) frailty studies about intervention or prevalence; (ii) frailty screening through
the inertial sensors; (iii) non-peer-reviewed and academic studies; (iv) all types of reviews
(e.g., umbrella and systematic) or case reports or non-English language. There is no existing
restriction to frailty screening assessment tools.

3. Results

The selection process produced six studies relevant to the aim of this review. Table 1
provides an overview of the selected studies in the frailty screening for ML methods.
In general, all studies classified frailty with only one tool, such as the Rockwood Clinical
Frailty Scale (CFS) [36], electronic Frailty Index (eFl) [31]; frailty phenotype (FP) [37];
electronic Frailty Score (eFS) [5]; and an exception that utilized a combination of tools [21],
which included FRS-26-ICD (frailty drawn from ICD-10 Clinical Modification), ECI (The
Elixhauser Comorbidity Index (ECI), high-risk medications (10 risk classification, Beers
Criteria, 2019), sociodemographic characteristics, healthcare, and insurance utilization.
Another exception used a set of predictors variables, including clinical and socioeconomic
aspects, and six target variables (mortality, disability, urgent hospitalization, fracture,
preventable hospitalization, and accessing the emergency department with red code) [38].

ML algorithms have been used to predict frailty-derived indicators based on health-
related data. The eFI, which is based on the deficit accumulation approach, was predicted
using several ML algorithms such as DT, KNN, and SVM [31]. They analyzed the data of
592 patients and the best performance was obtained with SVM, the accuracy was 93.5%,
sensitivity 97.8%, and specificity 89.1%. The SVM algorithm requires 70 input variables
and they remarked that SVM may prove less feasible in clinical scenarios where rule-based
models, such as DT models, may be more interpretable to clinicians but the results in terms
of accuracy are the poorest (42.4%) with DT models.

Aponte-Hao, in 2021, proposed to use ML algorithms to predict the CFS score based
on two-year electronic medical records (EMR). The CFS ranges from one to nine, with one
having the label of “very fit” and nine labeled “terminally ill” (the highest degree of frailty);
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the frailty was predicted using a dichotomized indicator into frail or not frail with a cut-off
of five from the original physician-rated CFS score. After the removal of features with
low variance or high correlation, they reduced the total number of features from 5466 to
75. They used DT, LR, SVM, NB, NN, KNN, RF, and XGBoost models, and the XGBoost
was the model with the best results of the eight models which were developed; it achieved
the highest sensitivity (78.14%) and specificity (74.41%), but the Fl-score was not shown
when they used the best threshold that was achieved by using the most optimal thresholds
determined using ROC curves [36].

An ML-based tool for stratification of FP based on one-year hospital discharge data
was developed and validated (Pogam 2022). They created a clinical knowledge-driven eFS
calculated as the number of deficient organs/systems among 18 critical ones identified
from the ICD-10 diagnoses coded in the year before FP assessment. In addition, for eFS
development and internal validation, they linked individual records of the cohort database
to inpatient discharge data for an 11-year period. The best-performing model for predicting
the dichotomized FP was the LR model with four predictors: age and sex at FP assessment,
time since last discharge, and the eFS. The eFS score was associated with all adverse health
outcomes of interest (death, prolonged length of hospital stay, number of hospitalizations,
and nursing home admission within 12 months after FP assessment). They also conducted
an external validation which confirmed that the eFS was a significant predictor of the
13 adverse outcomes [5].

Six frailty conditions (mortality, urgent hospitalization, disability, fracture, and emer-
gency admission) were predicted with ML models (Tarekegn 2020). These models were
assessed with a dataset that contains 1,095,612 subjects and 64 variables (58 input and
6 output variables). They resolved the imbalanced nature of the data through a resampling
process and they performed a comparative study between the different ML algorithms:
ANN, genetic programming (GP), SVM, DT, and RF. The obtained results show that the
prediction performance of ML models significantly varies from problem to problem in
terms of different evaluation metrics. The mortality prediction outcome showed higher
performance with ANN (F1-score 0.79) and SVM (F1-score 0.78) than predicting the other
outcomes. On average, over the six problems, the DT classifier showed the lowest accuracy,
while other models (GP, LR, RF, ANN, and SVM) performed better. All models showed
lower accuracy in predicting an event of an emergency admission with a red code than
predicting fracture and disability. In predicting urgent hospitalization, only SVM achieved
better performance (F1-score 0.76) [38].

ML models were also developed for predicting 30-day unplanned readmissions for
elderly patients by integrating variables such as frailty and comorbidities (Mohanty 2022).
The models were developed with data from 68,152 patients, consisting of 18,840 readmis-
sions and 109,741 non-readmissions and containing 458 variables that were used for the
prediction of readmission. The ML models compared were RE, XGBoost, CatBoost, and
logistic regression, and a stacking classifier CatBoost outperformed the other models with
an AUROC of 79% and F1 score of 71%. They performed an in-depth study of the model
explainability by assessing the feature importance by means of the SHAP methods [21].

Moreover, a deep learning approach was followed to classify pre-frail/frail vs. non-
frail older adults using heart rate response to physical activity [37]. They compared
resting-state heart rate characteristics with heart rate monitoring without controlling for
physical activities, the objective of the study. They assessed the performance of ML and
deep learning models such as LSTM. The obtained results showed that LSTM outperformed
other approaches. These results were obtained with a reduced sample size of 88 patients.
This work shows that heart rate dynamics classification using LSTM deep learning models
without any feature engineering may provide an accurate and objective marker for frailty
screening [37].
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4. Discussion

This paper presents a literature review of screening tools and clinical indicators for
identifying early frailty and provides evidence for developing innovative tools through
the focus on artificial intelligence. To our knowledge, this is the first narrative review
summarizing and discussing frailty and ML for frailty screening. However, previous
related research has been published on the relevance of the role in osteoporosis of Al
models to model the risk of fragility fracture [32]. The selected studies were delivered
between 2020 and 2022.

As mentioned earlier, the condition of frailty involves many domains that are not
always easily identified, as well as the differences between them (e.g., cognitive, and physi-
cal domains). There are various instruments and identification criteria, thus hindering an
accurate evaluation. Therefore, approaches that encompass all (or most) of these domains
become relevant since they seem to have relevance in the early identification of the frail
condition. Thus, ML is a promising approach, supported by recent studies.

The main findings of this study are that older age, females, clinical conditions (such
as arthritis, hypertension, osteoporosis, and diabetes), high use of healthcare utilization,
and adverse health outcomes (such as fractures, prolonged length of hospital stay, and
number of hospitalizations) were the most significant predictive variables for the screening
outcomes in frail persons. Previous studies reported that frailty was the most important
predictor of rehospitalization and the second most important predictor of mortality in
patients with cardiovascular disease [39]. Not surprisingly, the sociodemographic questions
revealed importance. According to other studies, sociodemographic variables, namely, age
and gender, are significant features [16,40]. Furthermore, in another recent study, age was
the most important variable in predicting 90-day mortality and the second-most important
variable for 30-day mortality [41].

The unsupervised learning methods are often used to process large databases, such as
EMRSs or large patient cohorts. Then, they can also cluster patients (subdividing them into
groups) and characterize outliers or other essential features. Online electronic diagnosis
systems are increasingly used by the population and healthcare professionals to a lesser
extent. Most symptom checkers are ruled-based systems based on simple (conventional
methods) decision trees. Therefore, ML is increasingly applied to EMRs in various health
fields because they contain large, heterogeneous datasets that can be used to train disease
detection or classification approaches using the supervised learning method [29].

Regarding algorithms, SVM was the most often applied ML method for frailty screen-
ing [5,31,36,38]. SVMs are competent in finding the best possible separation of different
categories by familiarizing the weights of polynomial functions. ML models are typically
trained using EMR or national cohorts. However, they require challenges to be applied
effectively to information: the quantity and quality of the data. For example, deep neural
networks commonly require massive training sets. Therefore, poor-quality training data
(e.g., missing values) from EMRs will reduce the model’s overall quality [29]. Thus, ML has
already shown clinically practical applications in frailty screening. It has the potential to
support specialists in clinical and foster personalized health. Combined databases have the
tremendous potential to provide sufficient data [29] because Al "feeds" on data. The more
and better-quality data it accesses, the more it can excel at tasks. Some advanced algorithms
need annotated data to ensure that those can learn. These annotated data depend on the
health professionals. Relying on the algorithm utilized, they could require lots of annotated
data. Thus, the dedicated contribution of “data annotators” is critical for the benefit of
implementing Al in healthcare systems, as well as established standard methods to report
data [28]. As is the case, Aponte Hao and colleagues include the RECORD Statement [42],
promoting quality and transparency [36].

The accomplishment of Al and its place in clinical practice and healthcare depends on
whether it can infiltrate the boundaries of an evidence-based approach, the lack of policies,
and the lack of enthusiasm of health professionals to use it. On the other hand, the demand
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for Al to be implemented into everyday health professions is increasing among researchers,
policymakers, clinical professionals, patients, hospitals, and developers. Therefore, it is
essential to an integrated and appropriate multidisciplinary approach [28].

Some limitations regarding the data quality that impact the results should be noted.
Although it is a validated tool for screening frailty, the CFS could not be advantageous to
Al because of the dichotomization, which fails to capture the severity of diseases, i.e., a
person classified with pre-frail could be classified in the same category as a person with
severe frailty. Therefore, an alternative could be to evaluate CFS as a continuous variable,
bringing the distribution underlying the distribution of classes closer to the distribution of
classes, then generating decision limits for the transformation back to the ordinal CFS to
evaluate performance [36]. As well as in the CFS, the FRS-26 also be prone to bias in the
quality of data and incapacitation of capturing the severity of symptoms [21]. In addition,
the eFP, which could not classify frailty adequately, is often thought to reduce frailty to
physical deficiencies and ignore mental and cognitive health problems [5]. In another study,
they also merged pre-frail and fragile groups into a single group due to the limited number
of fragile participants, and the size of the data (time series) was transformed to improve
quality [37]. Moreover, other potential limitations include extensive missing data and test
data being relatively small [31].

The accuracy of Al-generated results is highly dependent on the quality of the input
data. Whether frailty is identified via the ML methods, very-high-quality data must be
utilized if identification is ultimately proven accurate [31,41]. Further, efforts devoted to
increasing the quality of the input data, such as standardized codes rather than free text
and regular attention to data cleansing, may substantially improve the accuracy of the
result obtained. The limited availability of high-quality data for training correctly labeled
in medical claims, lack of detailed physiologic information, and indicators of the severity
of comorbidities are inconsistently assigned, leading to a training set with underprivileged
reproducibility and no “ground truth” to learn associations [28].

The heterogeneity of models makes it difficult to understand how accurate these
methods might be in clinical practice or how reproducible they are in various clinical
environments. The successful application of Al within the healthcare sphere does not
remove the requirement for maintaining the quality of databases; instead, it is dependent
on such activities. Another limitation is the studies using the codes ICD-10. The codes
do not fully capture disease severity and might also miss out on essential elements of
frailty such as weakness, polypharmacy, and need for support in everyday living. In
addition, the potential variation in documentation and coding of diagnoses could contribute
to measurement error (e.g., routine diagnosis and documentation of conditions such as
delirium vary between clinicians and/or hospitals) [26].

In the future, with rapidly advanced wearables and monitoring technologies, we
suggest researching other available frailty indicators—for example, using biosignals for
postural control, gait assessment, and home-based frailty assessment. These types of data
are also easily adapted to Al They could be practical and feasible, such as falls prevention,
an essential issue for frailty screening [15,33,43-48].

5. Conclusions

This review explores the tools and clinical indicators for frailty assessment and screen-
ing, through Al-based innovative tools. These existing tools, and clinical indicators for
complex frailty, focusing on measures extracted from healthcare datasets were reviewed.
The typical “health-professionally dependent” approaches for frailty screening could be
adapted for technology-based approaches, such as eFI. The potential of Al techniques was
explored; according to our findings, these methods can be used to identify risk factors to pre-
dict pre-frail or frailty. Thus, they facilitate the process to find the best treatment strategies
for a person as well as frailty screening at the public health level. We suggest that databases
collected from different populations be shared for improving the Al-based models.
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This narrative review described the complex condition of frailty involving multi factor
and summarized the indicators and the tools that were most used in the recent literature,
as well as the Al models and the accuracies—making it easier for the developer and clinical
to infer important data/variables for screening frailty. This review aims not to compare
methods but to investigate the evidence for frailty screening. It was possible to conclude
that the potential for ML to focus on frailty is immense, and offers an overabundance of
new opportunities [29].
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Abstract: Because it is possible to delay the progression of dementia if it is detected and treated
in an early stage, identifying mild cognitive impairment (MCI) is an important primary goal of
dementia treatment. The objectives of this study were to develop a random forest-based Parkinson’s
disease with mild cognitive impairment (PD-MCI) prediction model considering health behaviors,
environmental factors, medical history, physical functions, depression, and cognitive functions using
the Parkinson’s Dementia Clinical Epidemiology Data (a national survey conducted by the Korea
Centers for Disease Control and Prevention) and to compare the prediction accuracy of our model
with those of decision tree and multiple logistic regression models. We analyzed 96 subjects (PD-MCI
= 45; Parkinson’s disease with normal cognition (PD-NC) = 51 subjects). The prediction accuracy
of the model was calculated using the overall accuracy, sensitivity, and specificity. Based on the
random forest analysis, the major risk factors of PD-MCI were, in descending order of magnitude,
Clinical Dementia Rating (CDR) sum of boxes, Untitled Parkinson’s Disease Rating (UPDRS) motor
score, the Korean Mini Mental State Examination (K-MMSE) total score, and the K- Korean Montreal
Cognitive Assessment (K-MoCA) total score. The random forest method achieved a higher sensitivity
than the decision tree model. Thus, it is advisable to develop a protocol to easily identify early
stage PDD based on the PD-MCI prediction model developed in this study, in order to establish
individualized monitoring to track high-risk groups.

Keywords: cognitive function; data mining; Parkinson’s disease with mild cognitive impairment;
random forest; neuropsychological test

1. Introduction

Over the past decade, the field of geriatrics has experienced emerging interest in Parkinson’s
disease with mild cognitive impairment (PD-MCI) [1-4]. The Sydney cohort study [5], the most highly
representative epidemiology study on the subject, examined 136 patients diagnosed with Parkinson’s
disease (PD) over 20 years. The study reported that 84% of PD patients had cognitive impairment,
and 50% of them progressed to PD dementia (PDD). Likewise, PD is often accompanied by cognitive
dysfunction in addition to dyskinesia [2].

The mild cognitive impairment (MCI) stage is the earliest at which we can detect dementia [6].
Because it is possible to delay the progression of dementia when it is detected and treated in an
early stage, identifying MCI is an important primary goal of dementia treatment [6]. PD-MCI is
frequently found in patients with PD [7,8]. However, the sociodemographic and neuropsychological
characteristics of PD-MCI are less well-known than those of MCI and vascular mild cognitive
impairment (vascular-MCI) [7,8]. The distinctive neuropsychological characteristics found in early stage
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PD-MCI are caused by executive function damage due to prefrontal hypofunction or malfunction [9].
However, it is difficult to distinguish PD-MCI from MCI or vascular-MCI, because they show similar
symptoms [10]. Additionally, people with PD experience a slowly deteriorating cognitive deficit and
impaired motor function, which can be mistaken for cognitive frailty as part of the normal aging process.
As a result, it is difficult to diagnose early stage PD. MCI can be diagnosed based on interviewing,
cognitive function evaluation via a standardized neuropsychological test, and brain imaging such as
magnetic resonance imaging (MRI). It is possible to diagnose cerebrovascular diseases or to analyze
brain atrophy using brain imaging. However, this is unsuitable for early PD diagnosis, because brain
atrophy can be confirmed visually only at a very advanced stage. Therefore, neuropsychological testing
that also tests cognitive function has been used as an effective screening test for diagnosing MCI [11].

Recent studies have pointed to the necessity of considering mental health, such as depression,
while diagnosing MCI [12,13]. In particular, the development pattern and risk factors of cognitive
impairment are known to vary according to race. Therefore, it is necessary to develop an MCI
prediction model reflecting the characteristics of the neuropsychological indices and lifestyles of the
elderly in South Korea; however, South Korea has less systematic epidemiological data on cognitive
impairment in the elderly than other countries such as the United States and European countries.
In South Korea, previous community-based epidemiological studies on PD have been conducted
on patients living in a single city [14]. However, there has been no study to develop a prediction
model based on a nationwide epidemiological survey. Moreover, most of the previous studies [15,16]
evaluating the neuropsychological characteristics of patients with PD have used regression models.
Regression models are effective in exploring the neuropsychological characteristics of individual risk
factors but are limited in analyzing multiple risk factors simultaneously. It is also difficult to prioritize
risk factors with regression models. Linear regression models in particular require several assumptions,
including linearity, equal variance, and a normal distribution, but disease data have been known to
violate these assumptions.

In recent years, the medical field has applied data mining to predict the risk of diseases and
vulnerable groups [16,17]. Data mining is a type of big data analysis that examines the relationships
and rules within a dataset to extract valuable information [18]. The health science field has traditionally
used tree-based methods such as Classification and Regression Tree (CART) as data mining methods
for disease prediction [19]. Decision trees carry the risk of overfitting, and the accuracy of decision
trees can vary greatly depending on the training data (input variables). Random forests, a data mining
method developed in 2001, were designed to overcome these limitations. Random forests generate
multiple decision trees by conducting random sampling on the same dataset and combining them to
predict the target variable. Therefore, the accuracy of random forests is higher than that of decision
trees [20,21]. Moreover, random forests can be used to explore the relationship between explanatory
variables and diseases when many (types of) explanatory variables are applied to a random forest
model [22]. In addition, the prediction power of random forests outperforms the bagging model [22].

Several previous studies [23-25] have reported on Parkinson’s dementia predictors using
biomarkers such as cerebrospinal fluid (CSF) and electroencephalogram (EEG) data. However, we are
unaware of any study that identifies the predictors of PD-MCI for patients with PD and normal cognition
(PD-NC), taking into account sociodemographic factors, lifestyles, depression, and neuropsychological
characteristics. The objectives of this study were to develop a random forest-based PD-MCI prediction
model considering health behaviors, environmental factors, medical history, physical functions,
depression, and cognitive functions by using the Parkinson’s Dementia Clinical Epidemiology Data
(a national survey conducted by the Korea Centers for Disease Control and Prevention), and to compare
its prediction of accuracy with those of decision tree and multiple logistic regression models.
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2. Methods

2.1. Data Source

This study was conducted using the Parkinson’s Dementia Clinical Epidemiology Data obtained
from the National Biobank of Korea, the Center for Disease Control and Prevention, the Republic of
Korea (no. KBN-2019-005). We obtained the approval of the Research Ethics Review Board, the National
Biobank of Korea (no. KBN-2019-005), and the data use approval of the Korea Centers for Disease
Control and Prevention (no. KBN-2019-1327). The National Biobank of Korea was established in 2008
with the approval of the Ministry of Health and Welfare and is managed by the Korea Centers for
Disease Control and Prevention for the emerging necessity of managing bio-data systematically at
a national level. The ultimate goal of the National Biobank of Korea is to promote biomedical research
and public health. Please refer to Lee et al. [26] for the specific activities of the National Biobank of
Korea, including its quality control programs.

The Parkinson’s Dementia Clinical Epidemiology Data used in this study were collected under the
supervision of the Korea Centers for Disease Control and Prevention at 14 tertiary care organizations
(university hospitals) from January to December 2015. Health surveys, including health behavior
questions, were conducted using computer-assisted personal interviews. The data are composed
of sociodemographic factors (e.g., gender), environmental factors (e.g., exposure to pesticides),
health behaviors (e.g., smoking), disease history (e.g., hypertension), exercise characteristics related to
PD (e.g., tremor), sleep behavior disorders (e.g., rapid eye movement (REM)), and neuropsychological
characteristics (e.g., cognitive function). PD-MCI was diagnosed by neuropsychologists according to
the criteria of the International Working Group on MCI [27].

2.2. Subjects

Observational studies frequently utilize secondary data and these studies are more likely to
experience data imbalance while comparing patients and healthy subjects [28]. Propensity score
matching (PSM) was used to minimize selection bias and resolve the imbalance of case-control [29].
This study found an imbalance between PD-NC and PD-MCI. In order to solve this issue, this study
used PSM, balancing between populations using the nearest neighbor matching by controlling the age
of the case-control group [30]. Moreover, this study excluded individuals (subjects) that did not match
in both groups in common to ensure good data balance. Before matching, there were 274 subjects
(PD-MCI = 223; PD-NC = 51), and, after conducting PSM, it was matched to 96 subjects (PD-MCI = 45,
PD-NC = 51; Figure 1). This study finally analyzed 96 subjects.
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Study participants
(n=526)
Exclusion
+ 252 patients diagnosed with PDD
n=274
Propensity score method
* Covariate selection (age)
* Nearest neighbor 1:1 matching

PD-NC PD-MCI
(n=51) (n=223) Before match
PD-NC PD-MCI Aft 1
(n=51) (n=45)

Figure 1. Framework of study.

2.3. Measurement

The outcome variable is defined as the prevalence of PD-MCI classified by medical diagnosis.
The explanatory variables included age (60-74 years old or >75 years old), gender (male or
female), education (middle school graduate and below, or high school graduate and above),
handedness (left hand, right hand, or both hands), family dementia history (yes or no), family PD
history (yes or no), pack-years (non-smoking, 1-20, 2140, 41-60, or >61 pack-years), coffee-drinking
(yes or no), mean coffee intake per day (no, <1, 2-3, or >4 cups), coffee drinking period (no, <5, 6-9,
or >10 years), pesticide exposure (never, currently not exposed but exposed previously, or currently
exposed to pesticide), disease history (carbon monoxide poisoning, manganese poisoning, encephalitis,
traumatic brain injury, stroke, alcoholism, diabetes, hypertension, hyperlipidemia, and/or atrial
fibrillation), PD related motor signs (tremor, akinesia/bradykinesia, postural instability, and/or late
motor complications), REM, sleep behavior disorders, neuropsychological characteristics such as
those outlined in the Korean Mini Mental State Examination (K-MMSE) [31], Korean Montreal
Cognitive Assessment (K-MoCA) [32], Geriatric Depression Score (GDS) [33], global Clinical Dementia
Rating (CDR) score [34], Korean Instrumental Activities of Daily Living (K-IADL) score [35],
Untitled Parkinson’s Disease Rating (UPDRS) total score [36], UPDRS motor score [37], Hoehn and
Yahr staging (H&Y staging) [38], and the Schwab and England Activities of Daily Living scale (Schwab
and England ADL) [39]. These variables are defined in Table 1.
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Table 1. Measurement and definition of variables.

Variable.

Measurement

Characteristics

Sociodemographic factors

Gender

Education

Mainly used hand
Family dementia history

Family PD history
Pack-years

Male or female

Middle school graduate and below or high school
graduate and above

Left hand, right hand, or both hands

Yes or no

Yes or no

Non-smoking, 1-20, 2140, or >41 pack-years

Health behaviors

Coffee-drinking
Mean coffee intake per day (cups/day)
Coffee drinking period (year)

Exposure to pesticide

Yes or no

No, <1, 2-3, or >4 cups

No, <5, 6-9, or 210 years

Never, currently not exposed but exposed previously,

or currently exposed to pesticide

Environmental factors Carbon monoxide poisoning Yes or no
Manganese poisoning Yes or no
Traumatic brain injury Yes or no
Stroke Yes or no
Disease hi Diabetes Yes or no
isease history .
Hypertension Yes or no
Hyperlipidemia Yes or no
Atrial fibrillation Yes or no
Tremor Yes or no
Rigidity Yes or no
Exercise characteristics related to  Bradykinesia Yes or no
PD (PD related motor signs) Postural instability Yes or no
Rapid eye movement (REM) and sleep Yes or no

behavior disorders (RBD)
Total score of K-MMSE

Total score of K-MoCA

CDR global score

CDR sum of boxes

K-IADL

Total score of UPDRS

Motor score of UPDRS

H&Y staging (Hoehn and Yahr staging)
Schwab and England ADL

Sleep behavior disorders Continuous variable

Neuropsychological characteristics Continuous variable

Pack-years: Cumulative amount of smoking, based on one pack of smoking per day. For example, 30 pack-years
means smoking one pack of cigarettes per day for 30 years or two packs of cigarettes per day for 15 years.
CDR—Clinical Dementia Rating; K-TADL—Korean Instrumental Activities of Daily Living; UDPRS—Untitled
Parkinson’s Disease Rating; ADL—Schwab and England Activities of Daily Living scale.

2.4. Development and Evaluation of Prediction Models

The prediction model was developed using a random forest algorithm, and the results of the
developed prediction model were compared with those of a decision tree based on multiple logistic
regression and a classification and regression tree. The prediction accuracy of the model was calculated
using the recognition rate.

Random forests are ensemble classifiers that randomly learn multiple decision trees. The random
forest method consists of a training step that constructs several decision trees, and a test step that
classifies or predicts an outcome variable based on an input vector. The ensemble form of random
forest training data can be expressed as Forest F = {f1, ..., fn} (Figure 2). The distributions obtained
from the decision trees of each forest were first averaged by T (the number of the decision trees) and
then classification was conducted. The predictors of each sample were combined by using the mean
for continuous target variables and the majority vote for categorical target variables.

1 T
L(p) = 7 ) P(lL, p) M
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Training data 1 Training data 2 Training data 3

Figure 2. Ensemble classifiers that combines many single decision trees.

Random forest is similar to the bagging technique, because both approaches combine decision
trees generated from multiple bootstrap samples using the majority vote principle in order to increase
stability. However, they are different, because the former uses a few explanatory variables that were
randomly selected from each bootstrap sample.

This study presented a partial dependence plot and variable importance to show the prediction
power of the main explanatory variables. The variable importance indicates the effect of an explanatory
variable on the accuracy of a model. Therefore, when an explanatory variable improves the performance
of a model, the importance of the variable increases. A partial dependence plot shows the changes in
response variables according to the continuous change of each explanatory variable. The contribution
of a dependent variable to an independent variable is expressed as a function of a variable. The function
of partial dependence is presented in Equation (2).

(o) @

RF can be free from overfitting theoretically, and is not affected by noise or outliers much [20].
Moreover, it can generate high accuracy results by reducing generalization errors [20]. However, RF is
more likely to have an elbow point, which means a steep drop in slope with more trees. Moreover, there is
a higher probability that each tree will be more complex when an unimportant explanatory variable is
selected. Therefore, this study improved the accuracy of the model by considering the number of mtry,
the number of candidate explanatory variables, in advance.

The prediction performance of a model was validated while considering the overall accuracy,
sensitivity, and specificity together. ~Sensitivity means the prediction accuracy of PD-MCI,
while specificity indicates that of PD-NC. As the objective of this study was to develop a model
that can predict PD-MCI, this study considered overall prediction accuracy and sensitivity as the
most important factors for evaluating prediction performance. When the overall prediction accuracies
and sensitivities of the two models were identical, their specificities were compared. This study
first established a random forest model and then compared the results and the accuracies of models
obtained from multiple logistic regression and CART. In this case, forward selection based on standard
likelihood ratio tests was used to select variables in the multiple logistic regression analysis. All of the
statistical analyses were conducted using the “RandomForest” package of R-version-3.6.1 (Foundation
for Statistical Computing, Vienna, Austria).
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3. Results

3.1. General Characteristics of the Subjects

The General characteristics of the subjects are presented in Table 2. Of the 96 subjects (after match),
47.9% were male, 52.1% were female, 38.5% had a high school or above level of education, 8.0% had
a family history of PD, and 6.8% had a family history of Alzheimer’s dementia. Additionally, 5.7%,
2.3%, 23.2%, and 40.0% of the subjects had a history of head injury (e.g., traumatic brain injury), stroke,
diabetes, and hypertension, respectively.

Table 2. General characteristics of the subjects, 1 (%).

- After Match
Characteristics
PD-MCI (n = 45) PD-NC (n = 51) Total (n = 96)

Gender

Male 24 (53.3) 22 (43.1) 46 (47.9)

Female 21 (46.7) 29 (56.9) 50 (52.1)
Education

Middle school
graduate and below 27 (60.0) 32(62.7) 59 (61.5)

High school
graduate and above 18 (40.0) 19 (37.3) 37 (38.5)
Mainly used hand

Right hand 44 (97.8) 47 (92.2) 91 (94.8)

Left hand 1(22) 1(2.0) 2(2.1)

Both hands 0 3(5.9) 3(3.1)
Family PD history

No 36 (92.3) 33 (91.7) 69 (92.0)

Yes 3(7.7) 3(8.3) 6(8.0)
Family dementia history

No 36 (94.7) 32(91.4) 68(93.2)

Yes 2(5.3) 3(8.6) 5(6.8)
Pack year (Smoking)

1-20 6(13.3) 3(5.9) 9(9.4)

21-40 3(6.7) 2(3.9) 5(5.2)

41+ 36 (80.0) 46 (90.2) 82 (85.4)
Coffee-drinking

No 15 (33.3) 19 (37.3) 34 (35.4)

Yes 30 (66.7) 32(62.7) 57 (64.6)
Carbon monoxide
poisoning

No 42(97.7) 38 (86.4) 80 (92.0)

Yes 1(23) 6(13.6) 7 (8.0)
Traumatic brain injury

No 40 (93.0) 42 (95.5) 82(94.3)

Yes 3(7.0) 2(45) 5(5.7)
Stroke

No 41 (95.3) 44 (100) 85(97.7)

Yes 2(4.7) 0 2(2.3)
Diabetes

No 36 (80.0) 37 (74.4) 73 (76.8)

Yes 9 (20.0) 13 (26.0) 22(23.2)
Hypertension

No 32(71.1) 25 (50.0) 57 (60.0)

Yes 13 (28.9) 25 (50.0) 38 (40.0)
Hyperlipidemia

No 41 (91.1) 43 (86.0) 84 (88.4)

Yes 4(8.9) 7 (14.0) 11 (11.6)
Atrial fibrillation

No 44 (97.8) 47 (94.0) 91 (95.8)

Yes 1(22) 3(6.0) 4(4.2)
Tremor

No 14 (33.3) 8(17.4) 22 (25.0)

Yes 28 (66.7) 38 (82.6) 66 (75.0)
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Table 2. Cont.

. After Match
Characteristics
PD-MCI (n = 45) PD-NC (1 = 51) Total (1 = 96)

Rigidity

No 3(7.0) 8(17.0) 11 (12.2)

Yes 40 (93.0) 39 (83.0) 79 (87.8)
Bradykinesia

No 2(47) 6(12.8) 8(8.9)

Yes 41 (95.3) 41(87.2) 82 (91.1)
Postural instability

No 22 (55.0) 28 (60.9) 50 (58.1)

Yes 18 (45.0) 18 (39.1) 36 (41.9)
REM sleep behavior
disorders

No 29 (67.4) 27 (56.3) 56 (61.5)

Yes 14 (32.6) 21 (43.7) 35 (38.5)
Depression (GDS)

No 22 (62.9) 22 (75.9) 44 (68.8)

Yes 13 (37.1) 7 (24.1) 20 (31.3)
K-MMSE, mean + SD 258427 254+47 25.6+39
K-MoCA, mean + SD 206 + 4.0 205+ 62 205 +53
Global CDR score, mean 05+02 0506 0504
+SD
Sum of boxes in CDR, 14+14 08+13 12+14
mean + SD
K-IADL, mean + SD 1.0+26 07+1.0 0.8+2.0
Total UPDRS, mean + SD 349 + 189 299 +13.1 33.0 +16.9
g/][:;)tor UPDRS, mean £ 26+116 17986 20.0 +10.3
H&Y staging score, mean 21208 1.8+06 20407
+SD
Schwab and England 80.0 + 16.0 87.7 +8.1 83.6+133

ADL, mean + SD

REM sleep behavior disorders—rapid eye movement sleep behavior disorders; PD-MCI—Parkinson’s Disease
with Mild Cognitive Impairment; PD-NC—Parkinson’s Disease with Normal Cognition; K-MMSE—Korean Mini
Mental State Examination; K-MoCA—Korean Montreal Cognitive Assessment; CDR—Clinical Dementia Rating;
K-IADL—Korean Instrumental Activities of Daily Living; UPDRS—Untitled Parkinson’s Disease Rating; H&Y
staging—Hoehn and Yahr staging; Schwab and England ADL—Schwab and England Activities of Daily Living scale.

3.2. Major Risk Factors of Random Forest-Based PD-MCI Prediction Model

A PD-MCI prediction model was established using random forests, and the results are presented
in Figure 3. Some of the random forest models estimated major risk factors using decreased in the GINI
coefficient. The major risk factors of PD-MCI were, in descending order of magnitude, CDR sum of
boxes, UPDRS motor score, the K-MMSE total score, and the K-MoCA total score. Among these factors,
the UPDRS motor score was the most important predictor of PD-MCI. In contrast, the importance of
atrial fibrillation and stroke was zero.
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Figure 3. Variable importance in a random forest model (showing only the top 12 factors).

The partial dependence plot regarding the CDR sum of boxes, the most important variable in the
predictive model, is presented in Figure 4. The results showed that, when other factors were constant,
the risk of PD-MCI increased with a higher CDR sum of boxes (Figure 4).
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0.2
|

0.1

0.0

-01

tests
Figure 4. Partial dependence plot (CDR sum of boxes).
3.3. Comparison of the Accuracy of the Developed Prediction Models

This study changed the mtry values (numbers), presenting the number of explanatory variables
to be used in the decision tree constituting RF, from 5 to 15, and selected the value with the smallest
error of Out-Of-Bag. The changes in the error of Out-Of-Bag are presented in Table 3. The optimal
mtry to be applied in this study was 5, showing the lowest error rate (34.4%).
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Table 3. Error of out-of-bag.

Numbers of mtry Error of Out-of-Bag
5 0.344
6 0.375
7 0.396
8 0.375
9 0.396
10 0.365
11 0.385
12 0.375
13 0.375
14 0.375
15 0.375

When ntree, the number of tree generation, and mtry were set as 500 and 5, respectively, the final
RF model of this study had an overall accuracy of 65.6%, a sensitivity of 70.6%, and a specificity of
60.0% (Table 4). On the other hand, the overall accuracy of CART was calculated as 67.7%, higher than
that of RF, but the sensitivity of it was the lowest (51.1%). In Figure 4, the black line indicates the
changes in each error rate against 500 bootstrap samples. Figure 5 shows that the changes in error rate
become relatively stable after the number of bootstrap samples exceeded 150.

Table 4. Comparison of accuracies developed prediction models, %.

Model Overall Accuracy Sensitivity Specificity
Mu1t1pl‘e logistic NA NA NA
regression
Decision tree 67.7 51.1 82.4
Random Forest 65.6 70.6 60.0

NA—not available.
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Figure 5. Out-of-bag error rate curve (random forest model). Black line—overall accuracy;
red line—sensitivity; Green line—specificity.
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4. Discussion

Diagnosing early stage PD-MCI is important in the health sciences, because it can delay the
cognitive decline associated with PDD. Previous studies [22,40] have reported that the impairment of
the executive function is a major cognitive feature of PDD. However, it is challenging to distinguish
PD-MCI from PD-NC solely based on executive function. Therefore, we explored the major differential
indicators of PD-MCI, taking into account sociodemographic variables, health habits, PD related motor
and non-motor symptoms, cognitive tests, and neuropsychological tests. We developed a PD-MIC
prediction model based on random forests, and confirmed that the CDR sum of boxes, UPDRS motor
score, K-MMSE total score, and the K-MoCA total score were major predictors of PD-MCI. Among all
of the neuropsychological screening tests, the CDR sum of boxes was the most important predictor
for distinguishing PD-MCI from PD-NC. Therefore, when a neuropsychological test is performed to
diagnose PD-MCI in patients with PD, the CDR (sum of boxes) scoring should be conducted first over
other cognitive-language screening tests so as to achieve higher sensitivity.

Previous studies [41,42] examining the sociodemographic and emotional characteristics of PDD
reported that depression is the main characteristic of PDD. For example, Aarsland et al. (2007) [41]
evaluated 537 patients with PDD and observed that 58% of the patients had depression. However, in the
present study, depression was not an important indicator for predicting PD-MCI. This might differ from
previous studies [41,42], because previous studies compared healthy elderly individuals versus those
with PD-MCI, while the present study only examined people with PD. In other words, depression is
potentially not a major differential indicator in this study, because both PD and PD-MCI have high
depression rates (31.3%). As only a few studies have tried to distinguish PD-MCI from PD-NC
considering neuropsychological characteristics, health habits, and depression, more observation
studies on PD-MCI are needed in order to verify the major predictors of PD-MCIL

Another meaningful finding of this study is that the sensitivity of random forests is higher than
that of the decision tree model. These results agree with the results of previous studies predicting
MCI [6] or cardiovascular disease in the elderly using random forests [43]. The prediction accuracy
of random forests is higher than that of regression models or decision trees, because random forests
are based on the bagging algorithm, which generates diverse decision trees using 500 bootstrap
samples. As outliers can form decision tree nodes, the effects of the parameters that determine nodes
are substantial, and, consequently, carry a risk of overfitting [44]. In contrast, random forests based
on the bagging algorithm can prevent overfitting, because they reduce variance while maintaining
tree bias. Moreover, random forests achieve a higher prediction accuracy than decision trees [45].
In addition, one advantage of random forests is their reduction of variance compared with the bagging
model, which is achieved by decreasing the correlation between trees [43]. Random forests show
a particularly better prediction accuracy than bagging models when there are many input variables [43].
Therefore, when selecting the key independent variables from a dataset containing many independent
variables, such as the disease data used in this study, or developing prediction models on big data,
random forests provide a higher accuracy than decision tree or multiple logistic regression models.

The merit of this study was the development of an MCI prediction model using examination
data from a national survey. The limitations of this study are the following: (1) The number of study
subjects was small. (2) The obsessive-compulsive symptoms commonly observed in patients with PD
were not examined. (3) The prediction model did not include a biomarker, such as CFS. (4) This study
adjusted the balance of the number of subjects between the groups by using age-matched PSM to
solve the problem of unbalanced data. However, as a result of the PSM, a number of samples were
excluded from the analysis, and the same size decreased. As a result, the overall accuracy, sensitivity,
and specificity of the multiple logistic regression analysis were not calculated. Moreover, the age used
for matching could not be used as an explanatory variable in the predictive model. Future studies
will require more advanced techniques that can reduce the probability of overfitting to minimize
imbalance, in addition to PSM. (5) Subjects taking PD medications (e.g., dopaminergics) were not

33



Int. J. Environ. Res. Public Health 2020, 17,2594

evaluated. As PD medication particularly affects the expression of cognitive and behavioral symptoms,
future studies should consider whether or not a subject takes medication.

5. Conclusions

It is necessary to develop a protocol that can easily identify early stage PDD in order to establish
individualized monitoring for tracking high-risk groups based on the PD-MCI prediction model
developed in this study. Moreover, to further increase the prediction accuracy of the present method,
a random forest model using weighted voting is warranted. In addition, the development of
multi-modal data-based machine learning models that include biomarkers and brain imaging test
indicators, as well as sociodemographic factors, health habits, and neuropsychiatric indicators,
is needed.
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Abstract: Motoric cognitive risk (MCR) syndrome is originally defined as the presence of subjective
cognitive complaints (SCCs) and slow gait (5G). MCR is well known to be useful for predicting
adverse health outcomes, including falls and dementia. However, around four out of five older Korean
adults reported SCCs, thereby, it may not be discriminative to define MCR in Korea. We adopted the
three-item recall (3IR) test, instead of SCCs, to define MCR. This cross-sectional analysis included
2133 community-dwelling older adults aged 70-84 years, without dementia or any dependence in
activities of daily living from the Korean Frailty and Aging Cohort Study. The newly attempted
criteria of MCR using 3IR were met by 105 participants (4.9%). MCR using 3IR showed synergistic
effects on fall-related outcomes, whereas the conventional definition of MCR using SCCs was not
superior to SG only. MCR using 3IR was associated with falls (odds ratio [OR]: 1.92; 95% confidence
interval (CI): 1.16-3.16), recurrent falls (OR: 2.19; 95% CI: 1.12-4.32), falls with injury (OR: 1.98; 95% CI:
1.22-3.22), falls with fracture (OR: 2.51; 95% CI: 1.09-5.79), fear of falling (OR: 3.00; 95% CI: 1.83-4.92),
and low activities-specific balance confidence (OR: 3.13; 95% CI: 1.57-6.25). We found that MCR
using 3IR could be useful in predicting fall-related outcomes in a cultural background reporting more
SCCs, such as Korea.

Keywords: motoric cognitive risk syndrome; fall; gait speed; cognitive function; three-item recall;
older adults

1. Introduction

Substantial links have been reported between cognition and gait, and the combination of these
two factors has been conceptualized by motoric cognitive risk (MCR) syndrome [1,2]. Compared to
each component alone, MCR has stronger predictive validity for adverse health outcomes, such as
dementia, falls, disability, and death [3-5].

MCR was originally defined as the presence of subjective cognitive complaints (SCCs) and slow
gait speed, without dementia and any dependence in activities of daily living [3]. Of these criteria,
most studies have defined slow gait as below one standard deviation of the usual gait speed established
in each cohort according to age and sex [6]. To the contrary, many previous studies flexibly adapted
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various criterion of SCCs to suit their research environments, i.e., from standardized questionnaires
regarding general cognitive performance, from one simple self-rating question regarding memory
function, from cut-off scores used in several objective cognitive function tests, or from informant
reports on subjects’ cognitive problems [5,6]. The various criteria of SCCs in previous studies might
have influenced the inconsistent results [6]. In particular, there were different results on the association
between MCR and subtypes of dementia. Verghese et al., reported that MCR was strongly associated
with vascular dementia (VaD), but not with Alzheimer’s disease (AD), when identifying SCCs using
comprehensive objective assessments [3]. By contrast, in some studies using self-rating questions on
memory [7,8], MCR was associated with increasedrisk of AD [9].

MCR is expected to be useful for various settings because the assessments of each component,
presence of SCCs and gait speed, are relatively convenient [9]. However, several studies have reported
limitations of SCCs that may be influenced to a greater extent by depression, personality, or cultural
differences, than actual cognitive performance [10-12]. Similarly, MCR, which includes SCCs among the
criteria, was associated with anxio-depressive disorders, depression [13] and personality, particularly
neuroticism [14]. Furthermore, a number of studies have reported disparities between SCCs and
objective cognitive function, with robust evidence that depressive symptoms seemed to have the
greatest influence on SCCs [12].

Moreover, several studies reported that older Korean adults may have a cultural tendency to
report SCCs more frequently [15,16]. The prevalence of SCCs in community-dwelling older adults
in Korea was 77.7% [16]. SCCs may not be discriminative in Korea. The tendency of high reporting
of SCC in older Korean adults may stem from culturally based factors, such as high prevalence of
depressive symptoms [15,17,18].

MCR was found to predict adverse health outcomes [4]. Particularly, MCR is well known to be
associated with falls and their recurrence, or post-fall fractures [19-21]. Therefore, we aimed to explore
another criterion for the cognitive aspects of MCR, based on fall-related outcomes. As most previous
studies have identified SCCs in memory [22], we introduced three-item recall (3IR) test, instead of
SCCs, for defining MCR. 3IR test is a simple and well validated objective memory test. We investigated
the associations between MCR and comprehensive fall-related outcomes by comparing the new MCR
using 3IR, and original MCR using SCCs.

2. Materials and Methods

2.1. Study Population

The Korean Frailty and Aging Cohort Study (KFACS) is an ongoing prospective cohort study to
investigate the frailty status of older Korean adults [23]. The KFACS recruited 3014 community-dwelling
older adults aged 70-84 years from 10 nationwide centers, including rural, suburban, and urban areas,
in a 2-year comprehensive baseline survey. Among the participants of the KFACS, those who were
dependent in any of the basic activities of daily living (ADL) (n = 69), self-reported a diagnosis of
dementia (1 = 11), or scored < 24 points in the Mini-Mental State Examination (MMSE; n = 641) [24],
and had a history of Parkinson’s disease (1 = 1) or hemiplegia (n = 6), were excluded from the present
study. In addition, those who had missing 3IR test scores (1 = 48), a question about SCCs (1 = 6), and
fall-related outcomes (1 = 51) and covariates (1 = 48), were excluded. On the result, a total of 2133 older
adults were selected for the present study (Figure 1). The Clinical Research Ethics Committee of Kyung
Hee University Hospital approved the KFACS protocol (Institutional Review Board [IRB] number:
2015-12-103). The present study was exempt from the requirement for IRB approval by the Clinical
Research Ethics Committee of the Kyung Hee University Medical Center (IRB No.: 2020-03-073).
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KFACS baseline survey (2016-2017)
(n=3014)
Community-dwelling older adults aged 70-84 years

Excluded participants sample (n =881)

- Dependence on any of the five basic activities of daily living 69
(dressing, bathing, toileting, transferring, and feeding)

- Dementia diagnosed by a physician 11

- Dementia based on Mini-Mental State Examination (MMSE) 641
(those who scored less than 24)

- Parkinson’s disease 1

- Hemiplegia 6

+ Missing data from three-item recall test 48

- Missing data from subjective cognitive complaints 6

- Missing data from fall-related outcomes 51

- Missing data from covariates 48

Analytical sample
(n=2133)

Normal Impaired three-item recall Slow gait Motoric cognitive risk (MCR)
(n =854, 40.0%) (n=1081,50.7%) (11=93,4.4%) syndrome
(11=105, 4.9%)

Figure 1. Flow chart of the study population.

2.2. Definitions of Motoric Cognitive Risk (MCR) Syndrome

2.2.1. Original MCR using Subjective Cognitive Complaints (SCCs)

A single question extracted from the Korean Version of Short Form Geriatric Depression Scale
(SGDS-K) was used to ascertain SCCs: “Do you feel you have more problems with memory than
most?” [25,26]. A positive response, “yes”, to this question was defined as indicating the presence of
SCCs [4,19,27]. Slow gait was defined as one standard deviation (SD) or below the age- and sex-specific
mean values established in the KFACS [16]. The participants were asked to walk a 7 m distance, with
initial acceleration and terminal deceleration sections of 1.5 m in their normal pace, and gait speed was
calculated at the speed (m/s) of walking 4 m, the middle section of 7 m, using an automatic machine
(Gaitspeedometer, Dyphi, Daejeon, Korea).

2.2.2. New MCR using three-item recall (3IR)

The 3IR test of MMSE was administered to identify the deficits in memory function [28].
The examiner named three unrelated objects clearly and slowly, then asked the participant to name all
three of them. The examiner repeated the words up to three times until the participant learned all of
them, if possible. A few minutes later, the participant was asked to recall the three words as much as
possible, without any hint. Scores were calculated from 0 (incorrect) to 1 (correct) for each item, where
higher score indicates better ability. The sum of the 3IR tests was used to determine cognitive aspects
of MCR. A score < 3 was considered to indicate deficits in memory recall [29]. Slow gait (SG) was
still defined as one or more standard deviation (SDs) or below the age- and sex-specific mean values
established in the KFACS [16].

2.3. Definitions of Fall-Related Outcomnes

We collected the following six types of fall-related information using a standardized questionnaire:
experience of a fall in the past 1 year, recurrent falls, falls with injury, falls with fracture, fear of falling,
and low activities-specific balance confidence.

Experience of falls, recurrent falls, and falls with injury or fracture during the past 1 year were
investigated. A fall was defined as an event that resulted in a person coming to rest unintentionally
on the ground, not as a result of a major intrinsic event (such as stroke or syncope) or overwhelming
hazard [30]. In addition, falls caused by acute medical events, such as sudden onset of paralysis and
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epileptic seizure, or excess alcohol intake, were excluded [31]. Recurrent falls were defined as two
or more falls in the past 12 months. Falls with injury were defined as those where the participants
reported sprains, bruises, lacerations, and fractures after falls. When a participant reported fracture as
a consequence of a fall, it was defined as fall with fracture.

Fear of falling (FoF) was assessed using a question presented with five response choices: “Are
you usually afraid that you may fall?” If participants answered “considerably” or “very much,” they
were considered to have a FoF. Participants who responded “not at all,” “a little,” or “don’t know”
were considered to have no FoF [32].

Activities-specific balance confidence (ABC) was administered using a 16-item ABC scale in which
participants rated their balance confidence when doing specific activities [33]. Scores ranged from 0
(no confidence) to 100 (complete confidence). A higher score indicated greater confidence, and the total
score was calculated as the average of 16 items. Low ABC was defined as ABC scale score < 58.13 [34].

2.4. Measurements

All participants were interviewed based on standardized surveys for collecting information,
and were examined using health assessments. The trained investigators obtained sociodemographic
and lifestyle information: education level, type of residence, living conditions, marital status and
whether they receive social security aid, smoking status, alcohol intake, and physical activity level.
Low physical activity was defined as < 494.64 kcal/week for men and < 283.50 kcal/week for women,
using the International Physical Activity Questionnaire (IPAQ), values of which correspond to the
lowest quintile (20%) of the total consumed energy established in a general population study of Korean
older adults [35]. We inquired about the general health and medical history of each participant: body
mass index (BMI), number of drugs taken daily, and medical conditions. Diseases were self-reported
diagnoses by a physician, and comorbidities were defined as two or more of the following diseases:
hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, congestive heart failure, angina
pectoris, cerebrovascular disease, peripheral vascular disease, osteoarthritis, rheumatoid arthritis,
osteoporosis, asthma, and chronic obstructive pulmonary disease. Visual impairment was determined
when the maximum value of left and right vision was < 0.3 [36]. Hearing impairment was identified as
the minimum of the average value of left and right hearing exceeding 40 dB [37]. Instrumental activities
of daily living (IADL) disability was determined when participants did not answer “completely
independent” for one or more of the 10 activities using the Korea Instrumental Activities of Daily Living
Scale (K-IADL) [38]. Nutritional status was determined using the Korean version of the short-from
Mini-Nutritional Assessment (MNA-SF) [39]. Global cognitive function was assessed using the MMSE
in the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment
Packet (MMSE-KC) [40]. Depressive symptoms were assessed using the SGDS-K [41]. Participants
were asked whether they perceived their health status as poor, fair, good, very good or excellent; “poor”
or “fair” responses to the question were defined as fair/poor self-perceived health. Quality of life was
evaluated using EuroQol five-demension scale (EQ-5D) [42]. Participants took the following physical
function tests: handgrip strength, usual-pace gait speed, timed up and go (TUG) test [43], and short
physical performance battery (SPPB) [44].

2.5. Statistical Analyses

Descriptive statistic analyses were conducted to compare the participants’ characteristics according
to MCR status. The Chi-square test or Fisher’s exact tests was used for categorical variables, with
adjusted standardized residuals as appropriate. In addition, after employing Levene’s test to determine
homogeneity of variances, one-way analysis of variance (ANOVA) with Bonferroni post hoc test,
or Welch’s ANOVA with Games-Howell post hoc tests, for continuous variables were conducted.
Participants were divided into four groups for each definition: (1) MCR using SCCs: normal, SCCs
only, SG only, and MCR using SCCs; (2) MCR using 3IR: normal, impaired 3IR only, SCCs only, SG only,
MCR using 3IR. Multiple logistic regression analyses were performed to investigate the associations
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between MCR status and fall-related factors. We adjusted confounding factors by dividing the models
into four steps. First, we adjusted for the recruited center and sociodemographic factors in Model
1: the recruited center, age, sex, low educational level, residence area, living alone, without partner,
and social security aid recipient. Second, we further adjusted for lifestyle-related factors in Model
2: current smoker, alcohol consumption (> 2 to 3 times/week) and low physical activity level. Third,
further adjustments were conducted regarding general health and medical conditions in Model 3: BMI,
number of drugs taken daily, number of diseases, urinary incontinence, visual impairment, hearing
impairment, poor nutritional status, and IADL disability. In the final model, Model 4 adjusted for
the same factors as Model 3, with the addition of psychological factors: depressive symptoms and
fair/poor self-reported health. All analyses were performed using SPSS (ver. 25.0; IBM Corp., Armonk,
NY, USA). In all analyses, two-sided p < 0.05 was taken to indicate statistical significance.

3. Results

3.1. Descriptive Characteristics of the Study Population

Characteristics of participants according to new MCR status using 3IR are shown in Table 1.
Sociodemographic factors including sex, education level, residence area, living alone, without partner,
and status of receiving social securities, were significantly different between groups (p < 0.05). However,
the age of the participants was not significantly different between the groups. Participants with MCR
using 3IR showed significantly lower physical activity level than the normal group (p < 0.001). Moreover,
compared to the normal group, the MCR using 3IR group was taking more medicines per day, and had
more diseases, especially diabetes (all p < 0.01). The disabilities on any of the IADL were significantly
different among the groups (p = 0.01). With regard to psychological factors, the MMSE score was the
highest in the normal group and the lowest in the MCR using 3IR group (p < 0.001). Individuals with
SG only or MCR using 3IR were more likely to rate their health status as poor and to have depressive
symptoms than other groups (all p < 0.001). In all physical function tests, including handgrip strength,
usual gait speed, TUG and SPPB, new MCR using 3IR showed poorer performance compared to the
normal or impaired 3IR group (p < 0.001). Meanwhile, characteristics of participants according to
original MCR status using SCCs are shown in Table S1.

Of the total of 2133 older adults in this cohort study, 105 (4.9%) met the newly developed MCR
criteria using 3IR, of whom 55.6% had impaired 3IR and 9.2% had SG (Figure 2). Of the participants,
134 (6.3%) had MCR defined conventionally using SCCs, and SCCs were present in 81.0% of the all
participants. A total of 943 participants (44.2%) had both impaired 3IR and SCCs.

Total n = 2133

Subjective Impaired
cognitive three-item

complaints / 1 = 877 recall

(41.1%)

n=204
(9.6%)

n=717
(33.6%)

1= 6s\B:1%)
(3:2%)

n=39
(1.8%)

n=25
(1.2%)

n=137

Slow gait (6.4%)

Figure 2. Venn diagram for the criteria and their overlaps.

The prevalence of fall-related outcomes according to MCR status using 3IR are presented in
Figure 3. The MCR group using 3IR showed the highest prevalence of falls, recurrent falls, and falls
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with injury among the groups (all p < 0.0063). The prevalence of falls with fracture was lowest in the
impaired 3IR only group, and highest in the MCR using 3IR group (all p < 0.0063). FoF and low ABC
were significantly different among the groups (all p < 0.0063), with higher prevalence in the SG only or
MCR using 3IR group.

100

Percent prevalence rate [%]

20
il e 1
, =l _] 0

Low
Experience of falls  Recurrent falls  Falls with injury ~ Falls with fracture ~ Fear of falling  activities-specific
balance confidence

= Normal 141 (165) 52 (6.1) 150 (17.6) 29 (3.4) 220 (25.8) 69 (8.1)
Impaired 3-item recall 164 (15.2) 50 (4.6) 178 (165) 23 1) 257 (23.8)* 74 (6.8)

 Slow gait 21 (22.6) 11 (11.8) 25 (26.9) 7 (75) 48 (51.6) 27 (29.0)*

= MCR using 3IR 29 (27.6) 15 (14.3)* 32 (30.5) 10 (9.5 56 (53.3)* 25 (23.8)

Figure 3. The prevalence of fall-related outcomes according to MCR status using 3IR. The numbers
and percentages of outcomes are presented as 1 (%). * p < 0.0063.

3.2. Associations of MCR using 3IR or MCR using SCCs with Fall-Related Outcomes

Multiple logistic regression analyses were performed to investigate the associations between
MCR and fall-related outcomes. Those for MCR using 3IR are shown in Table 2, and those of MCR
using SCCs are presented in Table 3. Compared with the individual component of MCR using 3IR
alone (i.e., impaired 3IR only and SG only), MCR using 3IR was only significantly associated with
experience of falls in the past 1 year (OR: 1.92, 95% CI: 1.16-3.16), recurrent falls (OR: 2.19, 95% CI:
1.12-4.32), falls with injury (OR: 1.98, 95% CI: 1.22-3.22) and falls with fracture (OR: 2.51, 95% CI:
1.09-5.79) after considering all confounding factors. Moreover, the group with SG only (OR: 2.22,
95% CI: 1.31-3.75) and MCR using 3IR (OR: 3.00, 95% CI: 1.83-4.92) showed a significant association
with FoF after adjusting for all confounders. With regard to low ABC, a significant association was
observed in the groups with SG only (OR: 2.99, 95% CI: 1.47-6.12) and MCR using 3IR (OR: 3.13, 95%
CI: 1.57-6.25) after adjustment for all confounding factors. MCR using 3IR showed synergistic effects
on all fall-related outcomes (Table 2).

By contrast, MCR using SCCs was not associated with experience of falls, recurrent falls, falls
with injury or falls with fracture (p > 0.05), while SG only was significantly associated with experience
of falls (OR: 1.87, 95% CI: 1.01-3.45), recurrent falls (OR: 2.27, 95% CI: 1.04-4.96), and falls with injury
(OR: 1.87, 95% CI: 1.02-3.42). In addition, both SG only (OR: 3.72, 95% CI: 1.86-7.43) and MCR using
SCCs (OR: 2.04, 95% CI: 1.26-3.30) showed a significant association with FoF. Moreover, SG only (OR:
2.72,95% CI: 1.24-6.00) and MCR using SCCs (OR: 2.75, 95% CI: 1.37-5.50) were associated with low
ABC. However, the impact of SG only on most fall-related outcomes was stronger than that of MCR
using SCCs.
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4. Discussion

In this cohort study with 70-84 year-old community-dwelling older adults, the prevalence of the
new MCR using 3IR was 4.9% (105/2133), and that of MCR using SCCs was 6.3% (134/2133), which is
consistent with other previous studies [6]. The prevalence of MCR using SCCs in the present study was
lower than that of our previous study (8.0%) [16]. Such a gap might be due to the different exclusion
criteria of the studied populations, especially additional exclusion of dementia based on MMSE
score (< 24). The overlap between the newly developed criteria, impaired 3IR, and the conventional
criteria of SCCs was 44.2%, which simply assesses subjects’ memory status, but differs in the method
of identifying memory deficits. Our main finding is that MCR using 3IR was associated with all
fall-related outcomes, including experience of falls, recurrent falls, falls with injury, falls with fracture,
FoF, and low ABC, with synergistic effects of its components. By contrast, MCR using SCCs was not
associated with falls, recurrent falls, and falls with injury or fracture, and SG only showed a stronger
association with most fall-related outcomes.

The idea of a newly attempted MCR using 3IR was developed from our previous findings that
SCCs, widely used to define MCR, had a considerably high prevalence rate (77.7%) in older Korean
adults, and that the effect of SCCs on cognitive impairment was not additive to SG [16]. Elderly
Koreans tend to report more SCCs [15] as well as depressive symptoms [17,45] compared to Western
countries. This tendency may be influenced by cultural factors [46]. Several previous studies had
shown that SCCs might be more closely associated with depressive symptoms than actual cognitive
function [47-49]. Therefore, we intended to compensate for the limitations of SCCs for older Korean
adults by establishing another criterion for the cognitive aspects of MCR.

We adopted the 3IR test of MMSE instead of SCCs for definition of MCR based on the following
reasons. First, most previous studies identified SCCs using memory-related items [22]. Therefore, we
intended to find another tool to represent the subjects” memory function. Second, the 3IR test is one
of the components of MMSE, which has been widely used and validated in many clinical practices
and community settings to screen for dementia [24]. Third, some studies have reported that the 3IR
was one of the best discriminators among the subscales of MMSE for screening dementia [50]. Fourth,
the 3IR test is simple and easy to conduct, which is in line with the usefulness of MCR in various
clinical practice settings [9]. In addition, the 3IR test is also a part of the Mini-Cog test, which has
high sensitivity and specificity for detecting AD and related dementia in community settings [51].
The Mini-Cog test may not be greatly affected by cultural differences [29]. In our study, the cut-off
score to define impaired 3IR (< 3) was based on the first step of the Mini-Cog test, in which participants
with a score less than 3 either required an additional step (score 1-2) or were diagnosed as demented
(score 0) [29].

In the present study, we examined the associations of MCR using a 3IR test with various fall-related
outcomes, and compared the results to those of original MCR using SCCs. Callisaya et al. reported that
MCR was associated with increased risk of any falls and multiple falls (> 2 falls) based on five Western
cohort studies, reporting stronger predictive capability of MCR than its individual components [19].
Similarly, in a study in New Zealand comparing the fall risks of Maori and non-Maori populations,
MCR and its components were significantly associated with increased fall risks, with synergistic effects
of the components in the non-Maori group. However, these associations were not observed in the Maori
group [21]. In a French cohort study, subjects with MCR were at higher risk of having experienced falls,
recurrent falls, and post-fall fractures, but not those with each component of MCR [20]. Our findings,
in terms of the associations of MCR with fall-related outcomes, are consistent with these three previous
studies. In our study, MCR using 3IR showed synergistic effects of individual components of MCR
compared to MCR using SCCs.

By contrast, in the associations of MCR using SCCs and its components with fall-related outcomes,
SG only had a stronger association than MCR using SCCs, and SCCs only showed protective
associations with some fall-related outcomes. These protective associations of SCCs only with most
fall-related outcomes, however, became nonsignificant after adjusting for psychological factors,
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including depressive symptoms and self-reported health status. This change may have been due
to the influence of depression or self-rating questionnaire methods on SCCs. Several studies have
reported associations between SCCs and depression or self-perceived health [48,52]. In addition,
Carrasco et al. reported that the quantity or quality of memory complaints was an important issue for
interpreting results, as the self-perceived state of health or mood may be the only factor influencing
SCCs, particularly in subjects with fewer complaints [48], which may just be due to normal aging.
Therefore, further studies are suggested to examine the effects of psychological factors to further
investigate the concept of MCR.

Overall, the associations between MCR, regardless of its definition, and the fall-related outcomes
showed specific features in this study. The pattern of the main results was different between each
definition of MCR. MCR using 3IR showed a significant association with both fall history retrospectively
collected, and self-evaluation of current fear or balance confidence, and SG only showed a significant
association only with self-evaluated outcomes. In contrast to this pattern, MCR using SCCs showed a
significant association with the self-rated outcomes, and did not show significance in the retrospective
fall history. We suspected that these features might be related to the effects of psychological factors on
both SCCs and MCR using SCCs [53].

This study had some limitations. First, the causal relationships between MCR, regardless of
definition, and fall-related outcomes could not be determined because of the cross-sectional study
design. Second, information on some fall-related outcomes was collected retrospectively, which may
cause recall bias. Third, the subjects were relatively healthy because they were ambulatory older
adults in the community. In addition, the participants were recruited in a research setting. Therefore,
our findings may not be generalizable to other settings. Despite these limitations, our findings are
important because we included a large, nationally representative sample of older Korean adults, and
took into consideration various robust confounders.

5. Conclusions

MCR using 3IR was associated with fall-related outcomes, with synergistic effects of the individual
components. However, SG only showed stronger effects on most fall-related outcomes than MCR
using SCCs. SCCs was susceptible to psychological factors, such as depressive symptoms.
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Abstract: The relationship between mixing ability of masticatory functions and frailty has not been
well evaluated. This study investigated the prevalence of physical and comprehensive frailty and
its association with mixing ability in 1106 older adults aged >65 years who underwent physical
examination as part of the Japanese Kyoto—Kameoka Study. Mixing ability was assessed using
color-changing chewing gum (1-5 points, 5 representing the best mixing ability). Participants were
divided into four groups (5 points, 4 points, 3 points, and 1 or 2 points). The modified Japanese
versions of the Cardiovascular Health Study (m]-CHS) criteria and the validated Kihon Checklist
(KCL) were used to assess physical and comprehensive frailty, respectively. Multivariate logistic
regression was used to evaluate the association between frailty and mixing ability. The prevalence
of physical and comprehensive frailty was 11.8% and 27.9%, respectively. After adjusting for
confounders, the odds ratios of physical and comprehensive frailty comparing the highest to the
lowest chewing gum score groups were 3.64 (95% confidence interval (CI): 1.62 to 8.18; p for trend =
0.001) and 2.09 (95% CI: 1.09 to 4.03; p for trend = 0.009), respectively. Mixing-ability tests involving
chewing gum may be an indicator associated with both physical and comprehensive frailty.

Keywords: mixing ability; color-changing chewing gum; frailty; older adults; cross-sectional study

1. Introduction

Frailty is a condition in which multiple physiological systems decline in function owing to a
loss of homeostasis in response to stress [1,2] and is considered a worldwide public health problem
Int. ]. Environ. Res. Public Health 2020, 17, 4555; doi:10.3390/ijerph17124555 www.mdpi.com/journal/ijerph
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among older adults [3]. Two major concepts of frailty exist in the literature: the Fried phenotype
(FP) model, which defines frailty based on five criteria (physical frailty) [1,4,5], and the health deficits
model (e.g., the Rockwood Frailty Index), which defines frailty as a multidimensional clinical geriatric
syndrome (comprehensive frailty) [2,4,6,7]. The Kihon Checklist (KCL) is considered a valid tool
for assessment of comprehensive frailty as a multidimensional clinical geriatric syndrome and is
widely used in Japan and other countries [4,8-10]. Overall, frailty is associated with increased risk of
death [8,11,12], disability [8,13], and burden of disease using disability-adjusted life years [14] in older
adults. Accordingly, there is a need to establish objective, simple tools for the evaluation of frailty,
with concepts rooted in both conceptual models.

The prevalence of oral disease among older adults is high, and the number of people with
poor masticatory functions increases with age [15]. Decline in masticatory functions limits food
choices and reduces the enjoyment of eating, making it difficult to secure sufficient food intake to
maintain physiological function, which, in turn, leads to malnutrition [16,17]. An association between
poor masticatory functions and frailty is thus likely [18,19]. In fact, a number of previous studies
have reported that masticatory functions are positively associated with grip strength [20,21] and gait
speed [20], indicating that it could be used to assess physical function in older adults.

Previous epidemiological studies have investigated masticatory functions with self-reported
measures, primarily questionnaire-based [22], which have also assessed the number of natural teeth
of participants and denture use [23]. Objective methods of evaluating masticatory functions, likely
to provide more accurate results, often require specialist technology and skill [17]. Recent studies
have confirmed the validity of mixing-ability assessment using color-changing chewing gum in terms
of the number of teeth [24], tongue motor function, tongue pressure [25], and chew count [26] and
found that gum chewing can objectively measure masticatory performance without the requirement for
specialist technology or skill. Previous studies have reported that poor oral health including a lower
mixing ability is associated with physical [18,19,24,27] and comprehensive frailty [28,29]. However,
those previous studies have focused only on frailty, and the association of mixing ability with the
subdomains of each assessment tool for frailty has not been well evaluated. In particular, although one
subdomain of the comprehensive frailty defined by KCL includes oral function, sensitivity analyses that
examine the relationship between mixing ability and each domain of frailty are also needed. This study
aimed to investigate the association between objective mixing ability of masticatory functions and
physical and comprehensive frailty using two validated frailty assessment tools in a community-based
cohort study of older adults. In addition, we also examined the association between mixing ability
and the subdomains of each assessment tool for frailty. Although the term “frailty” appears simple,
the definition of frailty varies between studies [30]. Therefore, the association between mixing ability
and frailty defined using a multiple assessment tool should be evaluated because there are many such
tools in existence, with greater heterogeneity in their classification and predictive abilities.

2. Materials and Methods

2.1. Study Design and Population

The Kyoto-Kameoka Study is a cohort study of older residents of Kameoka City, Kyoto Prefecture,
aged >65 years, which conducted the Needs in the Sphere of Daily Life survey (baseline survey),
including the KCL, on 13,294 residents on July 29, 2011 [31-35]. The Health and Nutrition Status Survey
(additional survey) was conducted as a follow-up to the original surveys, and 8319 residents submitted
valid responses. For our study, we randomly selected 10 from 21 areas that make up Kameoka City
and sent postcards to 4831 residents inviting them to undergo a physical checkup [31]. Of those
residents, 1379 participants underwent a physical checkup examination as part of the Kyoto—Kameoka
Study during March or April 2012. Written informed consent was obtained from all the participants
before data acquisition. Health-related information, including medical history, socioeconomic status,
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smoking status and alcohol consumption, and physical activity, was extracted from the baseline and
additional surveys.

The participants of the present study were respondents for whom baseline data were available
(n = 1379), excluding those with incomplete responses to the modified Japanese version of the
Cardiovascular Health Study (m]-CHS) criteria (1 = 75) or the KCL (n = 124) and those with missing
color-changing chewing gum data (n = 74). Ultimately, 1106 participants were included in this study.

This study was approved by the ethics review boards of the Kyoto Prefectural University of
Medicine (No. RBMR-E-363), Kyoto University of Advanced Science (No. 20-1), and the National
Institute of Health and Nutrition (No. NIHN187-3). The study was carried out in accordance with the
principles of the Declaration of Helsinki.

2.2. Frailty Definitions

We assessed physical and comprehensive frailty according to the mJ-CHS criteria and the KCL [30].
The J-CHS criteria, based on the CHS, modified for validity in Japanese individuals [9], are based on
the FP model and include five elements of shrinking, exhaustion, low activity, slowness, and weakness.
We evaluated physical frailty according to the mJ-CHS criteria, which are based on the J-CHS criteria
with one question substituted for a question evaluating low activity: (I) Have you lost 2-3 kg or more
in weight over the past 6 months without trying? If a participant responded “Yes” to this question,
this was defined as “weight loss.” (II) Do you engage in sports, exercise, or keep-fit activities (other
than walking?) If a participant responded “No” to this question, this was defined as “low activity.”
(IIT) During the past two weeks, have you felt tired for no reason? If a participant responded “Yes” to
this question, this was defined as “exhaustion.” (IV) If a participant’s grip strength was <26 kg for men
and <18 kg for women, this was defined as “weakness.” (V) If a participant’s normal gait speed was
<1.0 m/s, this was defined as “slow gait speed.” Individuals were defined as frailty if they met three
out of five of the frailty reference criteria [9]. According to a prospective cohort study, FP-model-based
physical frailty can also predict disability risk among older adults [36].

Grip strength was measured with a Smedley Hand Dynamometer (Grip-D TKK5101, Takei Scientific
Instruments, Niigata, Japan). Measurements were taken twice for each hand, and the mean of the
highest value for each hand was used. To evaluate each participant’s habitual gait speed, they were
instructed to walk a 10-m distance at a comfortable pace. The time taken to walk a 6-m distance,
excluding the first 2 m after acceleration and the final 2 m before deceleration, was measured with a
digital stopwatch. Gait speed was calculated as distance divided by walking time.

The KCL is a self-administered questionnaire consisting of 25 questions in seven subdomains,
covering instrumental activities of daily living (IADL), physical function, nutritional status, oral function,
social status, cognitive status, and depression, which provide a comprehensive assessment of frailty.
The KCL's assessment principle thus resembles the health deficit model proposed by Rookwood
et al. [6,7]. Every problem with activity or function received a point, and the higher the total
score, the greater the difficulty in daily functioning, ranging from 0 (no frailty) to 25 (high frailty),
with comprehensive frailty defined as a score of 7 or above [4,32-35]. The cutoff points of the
KCL subdomains are the following: IADL disability, physical, nutrition, oral, social, cognitive,
and depression defined as the IADL disability domain >10 points on 20 items including shopping;
the physical inactivity domain >3 points on 5 items including walk continuously and history of fall;
the malnutrition domain = 2 points on 2 items including physique; the oral dysfunction domain
>2 points on 3 items including dry mouth and poor mastication; the socialization domain >1 point
on 2 items including frequency of going out less; the memory domain >1 point on 3 items including
memory loss; and the mood domain >2 points on 5 items including fulfilment and helpless [37].
In a prospective cohort study, KCL score was associated with increased risk of death or long-term
care insurance certification within the next 3 years [8]. Additionally, we investigated the association
between the subdomains evaluated using the mJ-CHS criteria and KCL [37] and mixing ability.
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2.3. Measurement of Mixing Ability

Mixing ability was assessed using color-changing chewing gum (Xylitol Masticatory Performance
Evaluating Gum, Lotte, Tokyo, Japan) [17,24-26,28,29,38,39]. This chewing gum contained 7 kcal
energy, 2.3 g carbohydrate (0 g sugar), and 1.7 g xylitol (70 mm x 20 mm X 1 mm, 3.0 g). It contained
ingredients that did not adhere to teeth or dentures as well as red, yellow, and blue dyes that change
color when mixed with saliva and chewed. The red dyes are sensitive to pH changes, turning red
under neutral or alkaline conditions. The unchewed gum contains citric acid, which maintains it in
an acid environment (low pH) and is yellowish-green in color. When chewed and mixed with saliva,
the internal pH of the gum changes from acidic to neutral or alkaline, turning it red. Therefore, a higher
number of chews was associated with red colored gum, which indicated better mixing ability. This test
principally evaluates the mixing ability of masticatory functions.

The study staff provided participants with detailed information on the chewing gum and explained
the experimental protocol, instructing all participants to chew the gum as many times as possible in a
60-s period. They told participants to spit out the chewed gum into a piece of white tissue paper as
soon as the measurement period was over and immediately compared it with the color chart on the
packaging. If one of the study staff was unsure how to classify the color of the gum, they discussed it
with other study staff before determining the color and assessing mixing ability. If the chewed gum
contained more than one color (had not been thoroughly chewed), the study staff reduced the mixing
ability score by 1 point. Mixing ability measured using color-changing chewing gum was graded in
a range from 1 point (yellowish-green; the poorest mixing ability) to 5 points (red; the best mixing
ability). Visual determination of chewing gum color was previously validated by comparison with
chromaticity of colorimetry measurements [39].

2.4. Statistical Analysis

Given the small number of participants who scored 1 or 2 points, mixing ability measured using
color-changing chewing gum was categorized into four groups: 5 points, n = 320; 4 points, n = 563;
3 points, n = 163; and 1 + 2 points, n = 60. Descriptive statistics representing continuous variables were
expressed as mean (standard deviation), and groups were compared by analysis of variance (ANOVA).
Categorical variables were expressed as counts and percentages, and between-group differences were
assessed using the x? test. Missing values for covariates were supplemented with values from five
data sets created by multiple imputation to perform multivariate imputation by chained equation
(MICE) [40]. All missing values were assumed to be missing at random.

The prevalence of frailty in the four color-changing chewing gum score groups was measured as a
case count with corresponding percentages. To adjust for potential confounders, we used multivariate
logistic analysis including a number of baseline covariates. Multivariate analysis was performed
using the following three models: Model 1 was adjusted for age, sex, and geographical area. Model 2
comprised covariates from model 1 with the addition of variables considered related to frailty, including
body mass index (BMI), family structure, economic status, number of medications prescribed, history
of hypertension, cerebral stroke, heart disease and dyslipidemia, alcohol intake, smoking, and physical
activity. These covariates were selected based on the literature [22,32-34]. Model 3 comprised variables
from model 2 with the addition of oral health-related variables such as use of dentures and daily
teeth brushing. The results of these analyses were expressed as odds ratios (ORs) and 95% confidence
intervals (95% Cls), with the ORs calculated with reference to the group with the best mixing ability.
Additionally, we also examined the relationship between the subdomains of the mJ-CHS criteria and
the KCL and mixing ability in a similar manner.

A two-sided p value < 0.05 was considered significant. All analyses were conducted using JMP Pro
for Windows (SAS Institute, Inc., Cary, NC, USA) or R software 3.4.3 (R Core Team, Vienna, Austria).
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3. Results

Participants with the lowest color-changing chewing gum score (the worst mixing ability) were
older and had a higher rate of denture use (Table 1). This group also had a lower mean BMI, included
fewer alcohol drinkers and people who brushed their teeth daily, had lower mean grip strength,
and slower mean gait speed.

Table 1. Baseline characteristics of the study participants according to the color-changing chewing gum

score 2.
Color-Changing Chewing Gum Score
5 4 3 142 p-Value
(n = 320) (n =563) (n =163) (n = 60)
Age (years) P 722 (52) 732 (51) 751 (5.6) 767 (5.9)  <0.001
Women (1 (%)) © 152 (475) 282 (50.1) 94 (57.7) 30  (50.0)  0.208
BMI (kg/m?) P 234 (29) 228 (3.00 228 (28 222 (3.6) 0.011

Alcohol drinker (1 (%)) € 237  (741) 386 (68.6) 107 (65.6) 34 (56.7)  0.029
Current smoker (1 (%)) © 26 8.1) 48 (8.5) 7 (4.3) 5 (8.3) 0.350

MVPA (1 (%)) © 164 (51.3) 311 (552) 80 (49.1) 28  (467) 0326
Grip strength (kg) 291 (87) 277 (76) 255 (82) 240 (7.8)  <0.001
Gait speed (m/s) 13 (02 13 (02 12 (02 11 (02 <0.001
Living alone (1 (%)) © 34 (106) 49 (87) 22 (135 7 (117) 0317
HSE (n (%)) © 124 (388) 221 (393) 49 (30.1) 19 (3L7)  0.129
Education 13y (1 (%)) © 91 (284) 153 (272) 30 (184) 16 (267)  0.049
Denture use (11 (%)) © 159  (49.7) 330 (58.6) 118 (724) 43  (71.7) <0.001
Daily teeth brushing ( (%)) ¢~ 311 (97.2) 525 (93.3) 151 (92.6) 46 (767) <0.001
No medication (i (%)) © 74 (231) 114 (203) 21 (129) 14 (233) 0.058
Hypertension (1 (%)) © 130 (40.6) 238 (423) 68 (417) 15 (250) 0.080
Stroke (11 (%)) © 6 (19 17 (30 5 (31 5 (83) 0063
Heart disease (11 (%)) © 29 (91 65 (11.6) 20 (123) 5  (83) 0557
Diabetes (11 (%)) © 26 (81 62 (11.0) 14 (86) 5  (83) 0498

Hyperlipidemia (1 (%)) © 39 (122) 72 (128 20 (123) 7  (1L7) 0990

Abbreviations: BMI = body mass index; HSE = high socioeconomic status; MVPA = moderate to vigorous physical
activity; ® Bolded p-values were statistically significant (p < 0.05). Participants with missing data underwent multiple
imputation: alcohol status (n = 7); smoking status (n = 12); physical activity (n = 66); family structure (n = 41);
socioeconomic status (n = 37); education attainment (n = 82); denture use (1 = 12); brush teeth everyday (n = 4);
and medications (1 = 48). ® Continuous variables are presented as mean (standard deviation) and were examined
using the analysis of variance (ANOVA). ¢ Categorical variables are presented as counts (%) and were examined
using the X2 test.

The prevalence of both physical and comprehensive frailty was higher in groups with
lower color-changing chewing gum scores, where it was 11.8% and 27.9%, respectively (Table 2).
After adjusting for confounders, the ORs of physical and comprehensive frailty comparing the highest
to the lowest chewing gum scores groups were 3.64 (95% CI: 1.62 to 8.18; p for trend = 0.001) and 2.09
(95% CI: 1.09 to 4.03; p for trend = 0.009), respectively. Groups with lower color-changing chewing gum
scores had a higher prevalence of slow gait speed, weakness, exhaustion, low activity, and weight loss
(Table 3). Even after adjusting for confounding factors, groups with lower color-changing chewing gum
scores had a higher prevalence of weakness (weak grip strength), although there was no association
with other factors. In addition, we demonstrated that groups with lower color-changing chewing gum
scores had higher prevalence of oral frailty and depression, evaluated using the KCL subdomains
(Table 4).
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4. Discussion

In this study, we investigated the association between the mixing ability of masticatory functions
and the prevalence of frailty in a population-based cohort of older adults. Even after adjusting for
confounding factors, we found that mixing ability was associated with physical and comprehensive
frailty. To our knowledge, this is the first study to demonstrate an association between measured
mixing ability using color-changing chewing gum, the prevalence of physical and comprehensive
frailty, and each domain of frailty. These findings suggest that objectively measured mixing ability
may be an indicator associated with both physical and comprehensive frailty.

We evaluated physical frailty using the mJ-CHS criteria based on the proposed phenotype model
by Fried et al. and comprehensive frailty using the KCL based on the proposed health deficit model by
Rockwood et al. In this study, the prevalence of physical and comprehensive frailty was 11.8% and
27.9%, respectively. In a previous study, the reported prevalence of physical frailty assessed according
to the J-CHS criteria in 16,251 community-dwelling older Japanese adults (mean age 75.1 years) was
11.2% [9]. We have previously reported that the prevalence of comprehensive frailty assessed according
to the KCL (baseline survey) in a population of 13,294 older adults (mean age 74.5 years), from which
our study group was drawn, was 30.8% for men and 33.3% for women [35]. There was thus no
significant difference between physical and comprehensive frailty prevalence in our study population
(mean age 73.4 years) and the populations investigated in larger studies. Accordingly, as our results
reflect similar prevalence of frailty to that reported in previous studies, comparisons with these studies
involve little bias and are therefore valid. In addition, we evaluated physical frailty according to the
m]J-CHS criteria with one substitute question to evaluate low activity because we did not ask the
participants the same question items as in the J-CHS criteria, but these differences do not seem to be
a problem.

In this study, we also investigated the associations between mixing ability and physical and
comprehensive frailty assessed using two different models. We found that objective mixing ability was
associated with the prevalence of FP-model-based physical frailty, defined with parameters such as
grip strength and gait speed. A decline in masticatory functions could be associated with physical
performance because it limits food choices and reduces the enjoyment of eating, making it difficult to
secure sufficient food intake to maintain physiological function and leading to malnutrition [16,17].
In a study of older adults, the mixing ability evaluated using color-changing chewing gum was
associated with physical frailty [24] and sarcopenia [38], and these previous studies support our results.
This suggests that mixing ability might be a surrogate marker reflecting the physical performance
of older adults. Although further research is needed to understand underlying mechanisms and to
establish the causal relationships on associations between mixing ability and frailty, markers of poor
oral health could be useful indicators of frailty and valuable additions to health-screening assessments
used in older people [27].

In addition, our results showed that, even after adjustment for oral health-related variables, e.g.,
denture use and daily teeth brushing, objectively measured mixing ability was associated with the
prevalence of physical frailty as well as multifaceted comprehensive frailty, including in psychological,
cognitive, social, and other domains. Previous prospective [28] and cross-sectional studies [29] have
reported that a lower mixing ability is associated with comprehensive frailty, and these previous
studies support our results. However, those previous studies have focused only on comprehensive
frailty, and the association of mixing ability with the subdomains of assessment tool for frailty has not
been well evaluated. Previous studies have reported that a lower masticatory ability is associated with
higher depression and anxiety scores [17,41]. Our results indicate that the prevalence of depression
defined using the KCL subdomain was higher in lower mixing ability individuals, and these previous
studies support our results. Previous studies comparing comprehensive frailty with physical frailty
have found that comprehensive frailty is a more accurate predictor of the risk of death [11,12]. This is
because the index of comprehensive frailty is suggested to exhibit a positive linear correlation with age,
reflecting biological aging [42]. Nevertheless, physical frailty is reportedly associated with increased
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risk of death and disability [43]. These findings suggest that assessing frailty in terms of multiple
aspects may enable more accurate identification of high-risk groups. Our results suggest that measured
mixing ability, using color-changing chewing gum, may be a useful tool for identifying groups at high
risk of death or disability due to frailty.

One of the strengths of this study was that prevalence of frailty was assessed using two different
validated methods based on established models of frailty [5-7]. Because we were able to investigate
the association between objective mixing ability and the prevalence of frailty in a larger cohort of
community-dwelling older adults compared with those of previous studies [24,29], our results may
also be more widely generalizable.

However, this study has several methodological limitations. First, this was a cross-sectional
study. Poor oral health is associated with numerous chronic diseases in addition to frailty, and oral
diseases, such as periodontitis and tooth loss, are associated with social factors and lifestyle habits [44].
This means that neither a temporal nor a direct causal relationship can be inferred as underlying our
observed association between mixing ability of masticatory functions and the prevalence of frailty.
Second, although we selected our study participants from among Kameoka City residents by cluster
random sampling, only 28.5% underwent a physical checkup examination. These participants may
thus have been more health-aware than the general population of older adults, opening our study
to the possibility of selection bias. Third, our study included participants with a history of diabetes,
dyslipidemia, heart disease, and stroke. These limitations may interfere with the generalization
of the results. However, our results were similar after excluding participants with these diseases.
Finally, systematic error because of self-reporting could not be completely excluded from the results.
Self-reported data in areas such as education, income, smoking, and medical history may thus have
been affected by recall bias. In addition, although previous study has reported the reliability and
validity of a quantitative color scale to evaluate mixing ability using color-changing chewing gum [39],
we could not evaluate the inter-rater variability. The chewing gum color may be influenced by both
masticatory performance and saliva amount. Although we took numerous implicit confounding factors
into account, bias because of unmeasured confounding factors associated with masticatory performance
and saliva amount could not be completely eliminated. However, as we did use multivariate analysis
to adjust our results for known associated factors such as social and economic status, we were able
to minimize the effect of confounders. Our results thus suggested that color-changing chewing gum
might be an indicator associated with both physical and comprehensive frailty.

Considering the increasing interest in identifying frailty older people, color-changing chewing gum
has an objective, easy, and solid methodology to evaluate simultaneously physical and comprehensive
frailty suitable for the assessment of frailty, although the definition of frailty varies between
studies [30]. If a self-administered questionnaire is used to assess physical and comprehensive
frailty, participants may need be asked to answer the many questions contained in the questionnaires.
Moreover, the questionnaire may be affected by self-reporting bias and cognitive function. Therefore,
color-changing chewing gum can be used for the objective measurement of mixing ability without the
need for specialist technology or skill and may thus be a useful early indicator of frailty in older adults.

5. Conclusions

The mixing ability of older adults as objectively measured using color-changing chewing gum
was associated with the prevalence of both physical and comprehensive frailty. Given the rapidly
increasing prevalence of frailty worldwide, its early discovery is important both for enabling people
to stay healthy in old age and for limiting the burden of healthcare-related costs. Color-changing
chewing gum may be useful indicators associated with both physical and comprehensive frailty in
clinical practice and public health research.
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Abstract: Marital status is an important risk factor for physical frailty. However, there are limited data
on spousal concordance of physical frailty among married couples. Here, we evaluate the spousal
concordance of frailty as defined by the Fried frailty phenotype and specific phenotype components
that contribute to this association. Data on 315 married couples (630 individuals) aged between 70
and 84 years were obtained from the Korean Frailty and Aging Cohort Study (KFACS). Multivariate
logistic regressions were used for the analysis. After adjusting for covariates (age, body mass index,
education, house ownership, comorbidity, cognition, depressive symptoms, cohabitation with adult
children for both partners), a husband’s frailty was positively associated with his wife’s frailty (odds
ratio (OR) 3.34, 95% confidence interval (CI) 1.04-10.73, p < 0.05), and a wife’s frailty was significantly
associated with her husband'’s frailty (OR 4.62, 95% CI 1.31-16.33, p < 0.05), indicating a greater effect
of the frailty status of the spouse among women than among men. Among the five components of
the Fried frailty phenotype, weight loss, slowness, and exhaustion were the main contributing factors
to the spousal association for frailty. In conclusion, having a frail spouse is a strong and independent
risk factor for frailty among community-living older adults.

Keywords: frailty; spousal concordance; aging

1. Introduction

The aged population is growing rapidly. By 2050, the proportion of the population over 60 years
old will almost double from 12% to 22%, reaching up to 434 million worldwide [1]. Frailty has
become an area of interest for those concerned with healthy aging [2,3]. Frailty is a state of functional
decline and increased vulnerability, commonly defined by the Fried phenotype model and the frailty
index [4-6]. The Fried phenotype model is a physical frailty criterion, and the frailty index is a
cumulative health deficits index including physical, psychological, mental, and social functions [4,6].
In community-dwelling adults aged >65 years, the estimated prevalence of frailty is around 10%,
and the incidence may increase with age [7,8]. Frailty may have a high health care burden since it is
associated with increased morbidity and mortality in the elderly [9,10].

Frailty is associated with sociodemographic, physical, biological, lifestyle, and psychological risk
factors [11]. A recent study identified marital status as an important risk factor for physical frailty [12].
Most caregivers of frail older adults are their spouses [13-15]. Spousal caregivers experience reduced
quality of life because of their restricted participation in daily activities [16]. There are negative impacts
on the physical and mental health of spousal caregivers [17]. Furthermore, in a case—control study,
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frailty status worsened in one-third of the spousal caregivers of older patients with cognitive and
functional impairment [18]. However, limited studies have examined the spousal correlation of frailty
among community-living older adults. One study found a positive correlation between an individual’s
frailty and the spouse’s frailty [19]. However, the study failed to control for the major risk factors for
frailty, including comorbid conditions, cognitive impairment, and depression. It is unclear to what
extent having a frail spouse contributes to one’s frailty status after adjusting for these risk factors.
In this study, we evaluated the spousal concordance of frailty among older adults and determined the
specific frailty phenotype components that contribute to this association.

2. Materials and Methods

2.1. Participants

Data were mainly derived from the Korean Frailty and Aging Cohort Study (KFACS) 2016 and
2017 baseline database. The KFACS is a 2-year, nationwide, multicenter, prospective cohort study to
identify risk factors and outcomes of frailty and develop interventions for prevention and management.
The KFACS recruited 3014 community-living elderly individuals aged between 70 and 84 years in 2016
and 2017. The participants were recruited from 10 study centers across different regions and different
residential locations (urban, suburban, and rural) [20]. Each center recruited participants using quota
sampling stratified by age (70-74, 75-79, and 80-84 years with a ratio of 6:5:4) and sex (male and
female with same ratio) [20]. Participants were recruited from diverse settings (local senior welfare
centers, community health centers, apartments, housing complexes, and outpatient clinics) to minimize
selection bias [20]. The inclusion criteria for KFACS participants were as follows: aged 70-84 years,
currently living in the community, having no plans to move out in the next 2 years, and having no
problems with communication and no prior dementia diagnosis [20]. In this case, “move out” refers to
relocating to areas outside the three neighboring towns [20]. Exclusion criteria included individuals
with difficulty in giving opinion, those unable to comply with the study requirements, or those deemed
inappropriate on the basis of the findings or evaluation by the researcher. The detailed study design
has been published previously [20]. Spousal pairs were identified by marital status, cohabitation status,
and home address. Subjects were considered spouses if both male and female adults reported being
married, currently lived with their spouse, and had the same home address. A total of 333 samples
of married couples were confirmed to be eligible for the present study. The final analysis included
315 married couples, after excluding 18 with missing data, for assessing the Fried physical frailty
phenotype. The Clinical Research Ethics Committee of the Kyung Hee University Hospital approved
the KFACS protocol (institutional review board (IRB) number 2015-12-103). The present study was
exempt from the requirement for IRB approval by the Clinical Research Ethics Committee of the Kyung
Hee University Medical Center (IRB number: 2020-05-066).

2.2. Frailty Assessment

The primary outcome of this study was the frailty status. Frailty was defined by the Fried
frailty phenotype. The Fried frailty phenotype comprises five criteria, namely weight loss, weakness,
exhaustion, slowness, and low physical activity [4]. Those satisfying >3 components were considered
frail. Weight loss was defined as an unintentional weight loss of >10 pounds. Weakness was defined
as a baseline grip strength in the lower 20%, adjusted for sex and body mass index (BMI) in the KFACS
population distribution. Exhaustion was assessed by the responses to two statements from the Center
for Epidemiologic Studies Depression Scale: (1)” I felt that everything I did was an effort”, and (2) “I
could not get going”. Slowness was defined as the slowest 20% at baseline on the basis of the 4-m usual
gait speed, adjusted for sex and height in the KFACS population distribution. Low physical activity
was defined as the lower 20% of sex-specific kcals per week, calculated on the basis of the International
Physical Activity Questionnaire in a general Korean population-based survey of older adults [21].
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2.3. Covariates

Age, BMI, education, house ownership, comorbidity, cognition, depressive symptoms,
and cohabitation with adult children of both husband and wife were used as covariates in this study.
Data on demographics, including age, BMI, education, house ownership, and cohabitation with adult
children were self-reported. Comorbidity was defined as having >2 comorbid conditions. Cognitive
impairment was assessed using the Mini-Mental State Examination (MMSE). Depressive symptoms
were assessed using the short version of the Geriatric Depression Scale. Nutritional status was
determined using the Korean version of the short form of the Mini Nutritional Assessment (MNA-SF).

2.4. Statistical Analysis

All analyses were conducted using SPSS (ver. 25.0; IBM Corp., Armonk, NY, USA). A comparison
of characteristics by sex was performed using the chi-squared test for categorical variables and the
independent t-test for continuous variables. The spousal association of frailty and the five components
of the Fried frailty phenotype were analyzed using multivariate logistic regression models and
described by odds ratios (ORs) with 95% confidence intervals (CIs). Four models were considered in
addition to the unadjusted model: (1) adjusted for age; (2) additionally adjusted for BMI, education,
house ownership, comorbidity, and cognition; (3) additionally adjusted for depressive symptoms;
and (4) additionally adjusted for cohabitation with adult children of both partners in all analyses.
A two-sided p < 0.05 was considered statistically significant.

3. Results

The demographic and health characteristics of the study population (630 subjects, or 315 married
couples) are listed in Table 1. The mean ages of husbands and wives were 77.6 + 3.4 and 74.7 + 3.6 years,
respectively. Husbands had a lower mean BMI (23.7 + 3.0 kg/m?) and higher education status (77.1%)
than wives. Wives were more likely to have house ownership (31.1%). There was no significant
difference in the current employment status. Wives had higher prevalence of cognitive impairment
(24.1%), comorbidities (61.2%), and depressive symptoms (23.5%) than husbands. In addition,
the demographic and health characteristics of the frail and nonfrail groups of study participants are
presented in Appendix A.

Table 2 shows the frailty status determined by the Fried frailty phenotype and its five components
by sex. Subjects classified as robust or prefrail in the Fried frailty phenotype were considered nonfrail.
Frailty was more prevalent among husbands than wives; 35 (11.1%) husbands and 28 (8.9%) wives were
classified as frail. The percentages of all five components except exhaustion were higher in husbands.

Tables 3 and 4 summarize the multivariate logistic regression models examining the spousal
association of frailty and for the five components of the Fried frailty phenotype. The wife’s frailty
was significantly associated with the frailty of her husband in all models (OR 3.13-4.76, p < 0.05).
Similarly, the husband’s frailty was positively associated with the frailty of his wife in all models
(OR 2.914.76, p < 0.05) except model 3 (OR 3.19, 95% CI 1.00-10.22, p = 0.05). After adjusting for
possible covariates, a frail husband had 4.62 odds of having a frail wife, and a frail wife had 3.34
odds of having a frail husband (model 4). While adjusting for other covariates reduced the odds ratio,
adjusting for depressive symptoms (model 3) and cohabitation with adult children (model 4) increased
the odds ratio.

Among the five components of the Fried frailty phenotype, there was an association between the
husband and wife in regard to weight loss, exhaustion, and slowness. Weight loss in one spouse was
significantly associated with the increased risk of weight loss in the partner in all models (husband,
OR 6.89-8.56, p < 0.01; wife, OR 4.91-6.95, p < 0.05). After adjusting for covariates, wives with weight
loss had 8.34 odds of having a husband with weight loss (p < 0.01). A husband with weight loss had
4.91 odds of having a wife with weight loss (p < 0.01). Exhaustion in one spouse was also associated
with greater risk of exhaustion in the partner in all models (husband, OR 2.00-2.23, p < 0.05; wife,
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OR 1.94-2.23, p < 0.05). Slowness in one spouse was associated with higher odds of slowness in the
partner in all models (husband, OR 2.50-2.82, p < 0.05; wife, OR 2.52-2.82, p < 0.05) except model
2 (husband, OR 1.87, 95% CI 0.95-2.51; wife, OR 1.88, 95% CI 0.95-3.72). There was no significant
association between spouses for low activity and muscle weakness.

Table 1. Demographic and health characteristics of study participants.

Variables Husband (n = 315) Wife (n = 315) p-Value

Demographics
Age, mean (SD), year 77.6 (3.4) 74.7 (3.6) <0.001
BMI, mean (SD), kg/m? 23.7 (3.0) 24.7 (2.8) <0.001
Education, n (%)
Less than 7 years 72 (22.9) 168 (53.3) <0.001
Residence, 1 * (%)

Urban 80 (25.6) 80 (25.6) 1.000

Suburban 148 (47.4) 148 (47.4)

Rural 84 (26.9) 84 (26.9)
House ownership, 1 (%) 30 (9.5) 98 (31.1) <0.001
Currently employed, n * (%) 81 (25.8) 68 (21.7) 0.223
Living with adult children, n * (%) 64 (20.6) 64 (20.6)

Health Characteristics
Cognitive Impairment

MMSE score <24 46 (14.6) 76 (24.1) 0.002
Health Behavior

Current smoker, 1 (%) 33 (10.5) 0(0.0) <0.001

Heavy drinking, 1 (%) 106 (33.7) 10 (3.0) <0.001
Comorbid Conditions

Number of comorbid conditions, mean (SD) 1.46 (1.24) 1.99 (1.36) <0.001

Comorbidity, 1 (%) 141 (42.7) 202 (61.2) <0.001

Hypertension, 1 (%) 174 (55.2) 174 (55.2) 1.000

Diabetes mellitus, 1 (%) 77 (24.4) 69 (21.9) 0.450
Mental Health

Depressive symptom (GDS score >6), yes, 1 (%) 49 (15.6) 74 (23.5) 0.012
Physical Activity

Moderate/vigorous activity, none, 1 (%) 107 (34.0) 116 (36.8) 0.453
Social Activity

Religious meeting, none, n * (%) 155 (49.4) 93 (29.6) <0.001

Social meeting, none, 11 (%) 72 (22.9) 108 (34.3) 0.001
Possible Malnutrition

MNA score <11, n * (%) 30 (9.6) 19 (6.1) 0.102
Self-perceived health, poor, 11 (%) 81 (25.7) 119 (37.8) 0.001

Notes: Comorbidity: >2 comorbid conditions; BMI = body mass index; GDS = Geriatric Depression Scale;
MMSE = Mini-Mental State Examination; MNA = Mini Nutritional Assessment. Chi-squared test for categorical
variables and independent t-test for continuous variables. 1 * indicates missing data.

Table 2. Proportion of Fried frailty phenotype by sex.

Husband (n =315)  Wife (n = 315) Both (1 = 315 Pairs)

Variable p-Value
Total, n (%) Total, 1 (%) Total, n (%)

Fried Frailty Phenotype
Frail 35(11.1) 28 (8.9) 9(2.9) 0.353
Five Components of Frailty Phenotype
Weight loss 22 (7.0) 17 (5.4) 5(1.6) 0.408
Exhaustion 77 (24.4) 133 (42.2) 44 (14.0) <0.001
Low activity 42 (13.3) 25 (7.9) 6(1.9) 0.028
Weakness 74 (23.5) 56 (17.8) 17 (5.4) 0.076
Slowness 79 (25.0) 53 (16.8) 23 (7.3) 0.011

Notes: p-values were determined using the chi-squared test for categorical variables.
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4. Discussion

In this study, we found that older adults with frail spouses had significantly higher odds of being
frail. Husbands and wives with a frail partner had 3.34 and 4.62 times higher odds of being frail,
respectively, than if their partner was not frail. Thus, women were more affected by spousal frailty
status than men. Among the five components of the Fried frailty phenotype, there was a spousal
association in regard to weight loss, slowness, and exhaustion. The odds ratio for a wife to experience
weight loss if her husband had weight loss was twice the odds ratio for weight loss in a husband if his
wife had weight loss. These results suggest the presence of sex differences in our findings.

We found a spousal concordance for frailty among community-living older adults. This finding is
consistent with the results from a previous study that reported that frailty in one spouse is related to
greater subsequent frailty in the other [19]. Itis also consistent with the previously reported concordance
of physical, functional, and mental health and health behavior change in married couples [22-25].
Concordant health decline, especially in an elderly couple, is a significant risk factor for difficulties in
physical activities, functional disabilities, and depressive symptoms that have an increased caregiver
burden [26]. Thus, spousal frailty can be used to detect, prevent, and manage a couple’s frailty among
community-living older adults.

Our study suggests an independent association between frailty status of marital partners in
the older population. The logistic regression models were adjusted for recognized frailty-related
factors, including age, education, cognition, comorbidity, and depression [27]. The significant
association for frailty within married couples remained after the adjustment for these factors.
Additionally, the adjustment for the covariates not only decreased but also increased the size of
the odds ratios. The change in the direction of the association may be due to the interplay of positive
and negative confounding [28,29]. Further research is needed to examine the relationship between
these factors, especially the cohabitation with adult children, as its impact on frailty has not been fully
investigated. In previous studies, concordance of mood (depressive symptoms, neuroticism) [30,31],
social activity [32], chronic conditions [23,33,34], and cognitive decline [35] between married couples
have been observed. The multifactorial nature of spousal association and frailty may explain the
varying strength of the spousal association.

We identified that three components of the Fried frailty phenotype, namely, weight loss, slowness,
and exhaustion, mainly contribute to the spousal association for frailty. The strength of the spousal
association was strongest for weight loss in both husbands and wives. There are various causes
of weight loss among the elderly, and they often coexist. Common causes are classified as organic
(neoplastic, nonneoplastic, and age-related physiological changes), psychological (depression, dementia,
and anxiety disorders), nonmedical (socioeconomic conditions such as poverty), and unknown [36,37].
These conditions can be directly (such as environmental factors) and indirectly (such as depression [31])
shared by married couples. Furthermore, activities related to food preparation are mainly performed
by women rather than men, especially among older adults in Korea [38]. The influence of gender role
needs is discussed later.

Exhaustion is associated with the psychosocial condition of older adults. Older adults can be
affected by the depressive symptoms and poor physical health of their spouses [39]. Those living with
a depressed spouse are more likely to experience depressive mood or episodes [40,41], contributing
to the increased association for exhaustion among married couples. A recent study suggested an
association between slow gait speed and social networks among older adults [42]. Thus, the sharing of
a couple’s social network may influence the spousal concordance in slowness.

We found that women were more affected by the frailty status and weight loss of their spouses
than men. This finding may be due to gender role orientation and socialization [43]. These perspectives
are deeply ingrained in the minds of the Korean elderly and are widely reflected in their daily lives.
According to the 2017 national survey of living conditions and welfare needs of the Korean elderly,
93.7% of male adults aged >65 years received instrumental support from their spouse compared to
only 54% of females aged >65 years [44]. Similarly, men were less likely to provide and more likely to
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receive caregiving than women [44]. Poor spousal health, low education, and unemployment decreased
the rate of receiving instrumental support and caregiving [44]. Thus, it can be deduced that elderly
women do more housework and have a higher caregiving burden than men [45]. Furthermore, female
caregivers are more likely to experience physical and psychosocial distress [46-48]. Our findings
are in agreement with women’s vulnerability to spousal influence and its negative health effects as
reported in previous studies on cognitive functioning [35], vision impairment [49], and depressive
symptoms [50].

There are limitations to our study. First, due to the cross-sectional study design, it is difficult
to understand the causal relationship from our analysis. Further longitudinal studies are needed to
evaluate the temporal changes in the frailty status in married couples. Second, as the KFACS was
designed to target the elderly population regardless of marital status, the sample size of married couples
was relatively small. However, our results suggest a similar prevalence of frailty and concordant frailty
within couples as reported in previous studies [19]. In addition, the quality of the marital relationship
was not accounted for in our study.

5. Conclusions

In conclusion, having a frail spouse is a strong and independent risk factor for frailty. Among the
five components of the Fried frailty phenotype, weight loss, exhaustion, and slowness were associated
within married couples. Weight loss had the strongest association. Knowledge of the spousal
association for frailty can help to prevent spousal frailty by managing risk factors and developing
interventions designed for older married couples. Further prospective and longitudinal investigations
will help corroborate our findings.
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Appendix A
Table Al. Demographic and health characteristics of frail and nonfrail groups.
Variables Frail (n =63) Nonfrail (n =567) p-Value

Demographics
Sex

Male 35 (5.6) 280 (44.4) 0.864

Female 28 (4.4) 287 (45.6)
Age, mean (SD), year 78.2 (3.4) 759 (3.7) <0.001
BMI, mean (SD), kg/m? 24.0 (3.2) 24.2 (2.9) 0.551
Education, 1 (%)
Less than 7 years 40 (63.5) 200 (35.3) <0.001
Residence, 1 * (%)

Urban 4(27.7) 4(6.5) <0.001

Suburban 32 (51.6) 265 (47.0)

Rural 26 (41.9) 143 (25.4)
House ownership, 1 (%) 53 (84.1) 514 (90.7) <0.001
Currently employed, n * (%) 11 (17.5) 138 (24.4) 0.220
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Table A1. Cont.

Variables Frail (n =63)  Nonfrail (1 =567)  p-Value

Living with adult children, 1 * (%) 10 (15.9) 121 (21.4) 0.026
Health Characteristics
Cognitive Impairment

MMSE score <24 27 (42.9) 95 (16.8) <0.001
Health Behavior

Current smoker, 1 (%) 4(6.3) 29 (5.1) 0.676

Heavy drinking, 1 (%) 12 (19.0) 104 (18.3) 0.891
Comorbid Conditions

Number of comorbid conditions, mean (SD) 2.16 (1.36) 1.68 (1.32) 0.006

Comorbidity, 1 (%) 31 (49.2) 202 (35.6) 0.034

Hypertension, 1 (%) 41 (65.1) 307 (54.1) 0.098

Diabetes mellitus, 1 (%) 18 (28.6) 128 (22.6) 0.285
Mental Health

Depressive symptom (GDS score >6), yes, 1 (%) 36 (57.1) 87 (15.3) <0.001
Physical Activity

Moderate/vigorous activity, none, # (%) 38 (60.3) 185 (32.6) <0.001
Social Activity

Religious meeting, none, 1 * (%) 31 (49.2) 217 (38.3) 0.094

Social meeting, none, 71 (%) 19 (30.2) 161 (28.4) 0.769
Possible Malnutrition

MNA score <11, 1 * (%) 14 (22.6) 714 (6.2) <0.001
Self-perceived health, poor, 1 (%) 43 (68.3) 157 (27.7) <0.001

Notes: Comorbidity: >2 comorbid conditions; GDS = Geriatric Depression Scale; MNA = Mini Nutritional
Assessment; MMSE = Mini-Mental State Examination. Chi-squared test for categorical variables and independent
t-test for continuous variables. n * indicates missing data.
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Abstract: (1) Background: The present study aimed to examine physical, cognitive and emotional
factors affecting falls in community-dwelling older adults with and without pain; (2) Methods:
Data from 789 older adults who participated in a community-based health survey were analyzed.
Participants completed questionnaires on the presence of pain and previous falls. Muscle weakness
(handgrip strength < 26.0 kg for men and < 18.0 kg for women) and low skeletal muscle mass
(appendicular skeletal muscle mass index < 7.0 kg/m? for men and < 5.7 kg/m? for women) were
determined. Mild cognitive impairment (MCI) and depressive symptoms were assessed using the
National Center for Geriatrics and Gerontology-Functional Assessment Tool and 15-item geriatric
depression scale (GDS-15), respectively; (3) Results: In participants with pain, MCI and GDS-15
were associated with previous falls after adjusting for age, sex, education and medication use.
In participants without pain, muscle weakness and low skeletal muscle mass were associated with
previous falls when adjusting for the above covariates; (4) Conclusions: Falls in participants with
pain were associated with cognitive and emotional factors, whereas falls in those without pain were
associated with physical factors. Fall prevention interventions for older adults with pain may require
tailored strategies to address cognitive and emotional factors.

Keywords: aged; accidental falls; pain; mild cognitive impairment; depressive symptoms

1. Introduction

More than one third of people aged 65 years or older fall at least once per year, with about half
doing so recurrently [1]. Between 20% and 30% of those who fall suffer moderate to severe injuries,
including fractures and head trauma, which can lead to disability, early admission to nursing homes
and even death [2,3].

Pain is also common in community-dwelling older adults, with prevalence rates ranging from
37% to 53% [4,5]. Pain has been identified as a significant risk factor for falls in community-dwelling
older adults, and systematic review evidence suggests those with pain have a two-fold increased
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risk of falling compared to those without pain [6,7]. Among the general older population, reduced
physical function, cognitive impairment and depressive mood have also been identified as risk factors
for falls [3,8,9]. However, reasons why older adults with pain are at such increased risk of falling are
not well understood, therefore limiting our ability to design an effective fall prevention approach for
older adults with pain.

The impact of pain on physical function has been relatively well documented [4,10]. Our systematic
review evidence has suggested that pain is associated with poor dynamic, static, multicomponent
and reactive balance measurements [11], all of which can contribute to an increased fall risk [1].
Furthermore, pain may also influence the risk of falling, through the psychological pathway. It has
been reported that pain is associated with poor cognition and impaired executive function, inattention
and depressed mood [12-14]. Since executive function and depression have been identified as risk
factors for falls [8,15], the above findings suggest cognitive and emotional factors may also play a role
in increasing fall risk in older people with pain. However, further research is required to identify risk
factors for falls in this group and whether such risk factors differ from those found in older people
without pain.

Therefore, the aim of this cross-sectional study was to determine whether risk factors for falls
differ between community-dwelling older adults with and without pain while adjusting for relevant
covariates. This information may be useful for facilitating fall prevention strategies for both those with
and without pain.

2. Materials and Methods

2.1. Participants

This study utilized cross-sectional data conducted as part of the Tarumizu Study, a longitudinal
study that has been conducted jointly by Kagoshima University (Faculty of Medicine), Tarumizu City
Office and Tarumizu Chuo Hospital since 2017 [16]. The Tarumizu Study 2018 was conducted between
July and December 2018 as a community-based health survey for older adults living in Tarumizu City,
a local city of Kagoshima, Japan. A total of 859 adults aged > 65 years participated in the survey. Data
for participants with diagnosed dementia (n = 19), stroke (n = 19) and Parkinson’s disease (n = 3)
were excluded. Outcome data were also missing for an additional 29 participants. Thus, data from
789 participants (mean age 74.8 years, 64.1% women) were analyzed. Informed consent was obtained
from all participants before study participation, and the ethics committee of the Faculty of Medicine,
Kagoshima University approved the study protocol (ref no. 170351).

2.2. Assessments

Prior to commencing the study, all staff were trained by a study author regarding the assessment
protocol to ensure consistency across the staff members.

2.2.1. Pain

Pain was assessed with the question “Do you currently have lower back or knee pain?” These pain
sites were chosen as they have a high prevalence in older adults, and because they are the main pain
sites that lead to mobility disability in this population [4]. Consistent with previous studies [10,17],
participants with either lower back or knee pain were defined as the “pain” group, while participants
without lower back or knee pain were defined as the “nonpain” group.

2.2.2. Falls

Falls were assessed with the question “Have you experienced falls within the past 12 months?”
Falls were defined as “an unexpected event in which the person comes to rest on the ground, floor or
lower level” [18]. Participants who experienced at least one fall in the past 12 months were classified
as fallers, and those with no falls in the past 12 months were classified as nonfallers.
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2.2.3. Physical Function

Walking speed was measured using a stopwatch on a flat and straight 10 m path at a comfortable
walking speed. Two markers were used to indicate the start and end of the 10 m walk path, with a 2
m section to be traversed before passing the start marker, such that participants were walking at a
comfortable pace at the first marker. Participants were also instructed to continue walking past the end
of the 10-m path for a further two meters to ensure that the walking pace was kept constant throughout
the task. Slow walking speed was defined as a walking speed < 1.0 m/s [10].

Muscle strength was assessed by dominant handgrip strength and measured using a Smedley-type
handheld dynamometer (GRIP-D; Takei, Niigata, Japan). Muscle weakness was determined based on
the Asian Working Group for Sarcopenia (AWGS) criteria for sarcopenia; handgrip strength was < 26.0
kg for men and < 18.0 kg for women [19].

Appendicular skeletal muscle mass was assessed using a multifrequency bioelectrical impedance
analyser (BIA) (InBody 430, InBody Japan, Tokyo, Japan). The BIA instrument uses a tetrapolar,
eight-point tactile electrode system that separately measures impedance of the arms, trunk and legs at
three different frequencies (5, 50 and 250 kHz) for each segment [20]. The surface of the hand electrode
was placed in contact with each of the five fingers, while the participant’s heels and forefoot were
placed on the circular-shaped foot electrode. Participants held out their arms and separated their legs
so that they did not contact other body parts during the assessment. Appendicular skeletal muscle
mass was derived as the sum of the muscle mass of the four limbs, and the appendicular skeletal
muscle mass index (ASMI; kg/m?) was calculated. Low skeletal muscle mass was determined based on
the AWGS criteria for sarcopenia; ASMI < 7.0 kg/m? for men and < 5.7 kg/m? for women [19].

2.2.4. Cognitive Function and Emotional Status

Cognitive assessments were conducted using the National Center for Geriatrics and
Gerontology-Functional Assessment Tool (NCGG-FAT) to identify participants with MCI [21].
The NCGG-FAT comprises four domains: memory (immediate and delayed word list memory),
visual motor speed (trail-making test-part A (TMT-A)), executive function (trail making test-part B
(TMT-B)) and processing speed (symbol digit substitution test (SDST)). The NCGG-FAT has been shown
to have high test-retest reliability [21], moderate-to-high criterion validity [21] and predictive validity for
dementia [22], in community-dwelling older adults. Participants were given approximately 20 minutes
to complete the tests. MCI was defined as a score below 1.5 SD of the age and education-specific
means in one or more of the cognitive tests, based on the population sample of community-dwelling
older adults [23]. Depressive symptoms was assessed using the 15-item geriatric depression scale
(GDS-15) [24].

2.3. Statistical Analysis

Chi-square tests for cross-tabulation tables and student t-tests were used to examine differences
in categorical and continuously scored measures, respectively, between the fallers and nonfallers,
and the pain and nonpain groups. A multivariable logistic regression analysis with slow walking
speed, muscle weakness, low skeletal muscle mass, MCI and GDS-15 as the independent variables and
previous falls as the dependent variable were separately conducted in the pain and nonpain groups.
Model 1 was unadjusted, and Model 2 was adjusted for relevant covariates: age, sex, education and
medication use. All analyses were performed using SPSS 25.0 for Windows (SPSS Inc., Armonk, NY,
USA), and significance levels were set at 0.05.
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3. Results

3.1. Comparisons of Physical, Cognitive and Emotional Factors Between the Fallers and NonFallers Stratified by
the Pain Status

Of the 789 participants, 421 (53.4%) reported pain, while 368 (46.6%) did not. The mean age of
participants with and without pain was 75.8 and 73.7 years, respectively. Seventy-six participants
in the pain group (18.1%) and 35 participants in the nonpain group (9.5%) were classified as fallers
and nonfallers.

The pain group was significantly older than the nonpain group (p < 0.001), and the pain group
comprised more women than men (p < 0.001) (Table 1). Compared with the nonpain group, the pain
group took more prescribed medications (p < 0.001), had reduced handgrip strength (p = 0.008) and
slower walking speed (p < 0.001) and had a greater proportion of slow walkers (p < 0.001). Regarding
cognitive function and emotional status, the pain groups performed worse than the nonpain group
in the immediate and delayed word list memory and SDST tests (p = 0.021, p = 0.006 and p = 0.014,
respectively) and had higher GDS-15 scores (p < 0.001).

Table 1. Comparisons of physical, cognitive and emotional factors between the fallers and nonfallers in
the pain and nonpain groups.

Characteristics Pain Group (n = 421) Nonpain Group (1 = 368)

Fallers Nonfallers Fallers Nonfallers
(n=76) (n = 345) (n = 35) (n =333)

Age (years) 77.1 (7.0) 75.5 (6.4) i 74.1 (5.5) 73.6 (5.9)

Female, n (%) 53 (69.7) 235 (68.1) t 23 (65.7) 195 (58.6)

Education (years) 11.0 (2.4) 11.0 (2.2) ” 10.9 (2.2) 11.4 (2.3)

Medications (n/day) 49 (4.5) 45 (4.5) t 43(7.1) 3.1 (4.6)

Physical function

Slow walking speed, n (%) 18 (24.0) 60 (17.4) ﬁ 3(8.6) 25(7.5)

Walking speed (m/s) 1.15(0.25)* 124 (025 129 (024)  1.33(0.22)

Muscle weakness, n (%) 23 (30.3) 82 (24.5) 13 (37.1) ** 59 (18.2)

Handgrip strength (kg) 23.1(7.3) 23.5 (8.6) ﬁ 23.0 (7.9) 25.2 (8.1)

Low skeletal muscle mass, n (%) 30 (40.0) 112 (33.7) 20 (57.1) ** 120 (36.6)

ASMI (kg/m?) 6.2 (1.0) 6.3 (1.0) 6.1(0.9) 6.4 (1.0)

Cognitive function

MCL n (%) 34(44.7) % 95(27.7) 12 (34.3) 96 (28.9)

Memory

Immediate word list memory (score) 7.0 (1.6) 7.3 (1.6) t 7.6 (1.2) 7.5(1.4)

Delayed word list memory (score) 3.6 (2.0) 40 (2.1) t 4.4 (2.1) 43(2.1)

Visual motor speed

TMT-A (s) 25.8 (8.7) 24.4 (10.8) 229(63)  23.8(15.0)

Executive function

TMT-B (s) 70.0 (49.6) 547 (46.8) 574 (53.1)  51.2(40.0)

Processing speed

SDST (score) 360 (1L1)*  39.2(11.3) * 39.1(9.4)  40.8(11.9)

Emotional status

GDS-15 (points) 3.7 (3.2) ** 2.7 (2.5) i 2.3 (2.6) 2.0 (2.1)

Data are presented as mean (SD) or number (percentage). ** p < 0.01, * p < 0.05 versus nonfallers, ' p < 0.01,
* p < 0.05 versus nonpain group; ASMI: appendicular skeletal muscle mass index. MCL: mild cognitive impairment.
TMT: trail-making test. SDST: symbol digit substitution test. GDS-15: 15-item geriatric depression scale.

In the pain group, the fallers had significantly slower walking speed, lower SDST scores, a higher
prevalence of MCI and higher GDS-15 scores than the nonfallers (p < 0.05) (Table 1). In the nonpain
group, the fallers had a significantly higher prevalence of muscle weakness and lower skeletal muscle
mass than the nonfallers (Table 1). No significant differences in the remaining variables were observed
between the fallers and nonfallers in either pain group (p > 0.05).
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3.2. Multivariable Logistic Regression to Determine the Fall Risks Of Physical, Cognitive and Emotional
Factors in the Pain and NonPain Groups

In the pain group, MCI and GDS-15 scores were significantly associated with previous falls
in both the unadjusted (Model 1) and adjusted models that included relevant covariates (Model 2)
(Table 2). No physical function measures were significantly associated with previous falls in either
model. In the nonpain group, muscle weakness and low skeletal muscle mass were significantly
associated with previous falls in both the unadjusted (Model 1) and the adjusted models that included
relevant covariates (Model 2). Slow walking speed, MCI and GDS-15 scores were not significantly
associated with previous falls in either model.

Table 2. Multivariable logistic regression analyses of the relationships between falls and physical,
cognitive and emotional factors in the pain and nonpain groups.

Dependent Variables: Previous Falls

Independent Variables Pain Group (n = 421) NonPain Group (n = 368)
OR 95% CI p-Value OR 95% CI p-Value

Slow walking speed

Model 1 1.50 0.82-2.72 0.188 1.16 0.33-4.04 0.821

Model 2 1.13 0.69-2.54 0.405 1.15 0.30-4.31 0.841
Muscle weakness

Model 1 1.34 0.77-2.32 0.298 2.66 1.27-5.59 0.010

Model 2 1.16 0.63-2.12 0.637 2.57 1.12-5.91 0.026
Low skeletal muscle mass

Model 1 1.31 0.78-2.19 0.305 2.31 1.14-4.68 0.020

Model 2 1.01 0.60-1.85 0.848 2.18 1.03-4.60 0.041
MCI

Model 1 2.11 1.27-3.52 0.004 1.28 0.61-2.68 0.508

Model 2 2.00 1.08-3.38 0.010 1.24 0.57-2.73 0.591
GDS-15

Model 1 1.13 1.04-1.24 0.004 1.07 0.92-1.24 0.393

Model 2 1.14 1.04-1.24 0.005 1.04 0.89-1.21 0.620

Model 1: Unadjusted model, Model 2: Adjusted for age, sex, education and number of prescribed medications. OR:
odds ratio. CI: confidence interval. MCI: mild cognitive impairment. GDS-15: 15-item geriatric depression scale.

4. Discussion

This study revealed older people with pain were significantly older and had slower gait speed,
reduced muscle strength, impaired cognition and more depressive symptoms than those without pain.
Further, the subgroup analysis unmasked some important information in that falls in the participants
with pain were associated with cognitive and emotional factors, whereas falls in those without pain
were associated with physical factors, including muscle weakness and low skeletal muscle mass in
multivariable models adjusting for age, sex, education and medication use.

Although slow walking speed was identified as a risk factor for falls in the participants with
pain in univariate analysis, this measure was not independently associated with falls in multivariable
modelling. In contrast, the logistic regression analysis revealed the presence of MCI (assessed with
tests of visual motor speed, memory, executive function and processing speed) and was independently
associated with falls. Pain can interfere with attention in older adults [12,25], and insufficient or divided
attention when negotiating environment hazards may lead to trips and slips [26,27]. Furthermore,
pain is associated with slow processing speed [28], which is identified as a risk factor for falls in
older adults [29]. Thus, it is possible that pain requires an attentional demand limiting the attentional
resources allocated for avoiding daily life hazards and decision making, resulting in an increased risk
of falls. Additionally, we found that depressive symptoms were associated with falls in those with
pain. Depressive symptomatology has consistently been reported to increase the risk of falling in older
people [8], and several studies have reported people with depression are more likely to develop chronic
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pain [14,30]. Further, pain-related fear can lead to avoidance behaviors and hypervigilance to bodily
sensations followed by disability, disuse and depression [31], all factors that can exacerbate fall risk.

In the older adults without pain, those who reported falls were weaker and had lower skeletal
muscle mass than those who did not report falls, and these two measures were independently
associated with falls in the multivariate models. These findings are consistent with many previous
studies conducted in older community-dwelling people [9,32], as well as complementary studies that
have found that reduced muscle strength is associated with reduced balance control, slow sit-to-stand
times and slow gait speed [33,34].

Our findings have implications for clinical practice. First, our findings that the pain group had
slower gait speed and reduced muscle strength, compared to the nonpain group, provides insight
into why this group is at increased fall risk [6,7]. Targeted exercise interventions could address these
risk factors in addition to treatments for pain. Further, our subgroup analysis findings show that
falls in participants with pain were associated with cognitive and emotional factors, including MCI
and depressive symptoms, whereas falls in those without pain were associated with physical factors,
including muscle weakness and low skeletal muscle mass. These findings suggest fall prevention
interventions for older adults with and without pain may require special tailoring to address cognitive
and emotional risk factors and physical factors for falls, respectively.

We acknowledge certain study limitations. First, our pain assessments were not detailed and
additional assessments of pain intensity, duration and interference in activities of daily living may
have provided further understanding of pain-related factors affecting falls. However, considering the
high prevalence of chronic pain (25-76%) in community-dwelling older adults [35], the majority of
our pain group participants would likely fall into this category. Second, the cross-sectional design
precludes the prospective delineation of the relationship between falls and physical, cognitive and
emotional factors among older adults with and without pain. Thus, our current study cannot confirm
the causality between pain and risk of falling. Future research on prospective fall follow-up, and on
detailed pain and physical, neuropsychological and functional assessments, is required to confirm the
current findings. Furthermore, the retrospective recording of falls may have underestimated their true
prevalence, although the overall proportion of fallers (16.4%) is consistent with most previous studies
of fall incidence in older people undertaken in Japan.

5. Conclusions

Community-dwelling older people with pain were more likely to have depressive symptoms
and impaired gait, strength and cognition than their peers without pain. Further, falls in those with
pain were associated with cognitive and emotional factors whereas falls in those without pain were
associated with physical factors (i.e., weakness and low skeletal muscle mass). Thus, fall-prevention
interventions for older adults with pain may require tailoring to address cognitive and emotional
risk factors for falls. Future research with prospective fall follow-up and detailed pain and physical,
neuropsychological and functional assessments are required to confirm the current findings.
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Abstract: Background: Defining frailty typologies would contribute to guiding specific care
interventions. These typologies could additionally be related to different health outcomes. This study
aims at identifying subgroups of frail older adults based on the physical frailty phenotype and
examining the relationships of these frailty profiles with quality of life and perceived health.
Methods: This study relies on data from the SHARE project, namely a representative sample
of 1765 Spanish-dwelling older adults identified as frail or pre-frail. Analysis included general
descriptive statistics, exploratory latent class analysis (LCA) to determine the number of frailty
subgroups, and LCA with covariates to examine differential relationships with markers of successful
aging. Results: Statistical criteria and interpretability of the classes suggested that the LCA model
with four classes should be retained. Class 1 was identified as the “frail people” group, Class 2
“activity problems” group, Class 3 “fatigued” group, and those belonging to Class 4 “lack of strength”
group. Final LCA with covariates showed lower levels of quality of life and perceived health of
the “frail” as compared to other frailty subgroups. Conclusion: This study revealed four different
patterns of frailty attributes and further offered evidence on individuals’ differential status of health
regarding distinct frailty conditions.

Keywords: older adults; frailty profiles; latent class analysis; quality of life; perceived health

1. Introduction

The aging of society constitutes an important challenge for health care systems due to the increase
in the life expectancy [1]. The current generation of older adults expects to age well, and to maintain
their general well-being and, ultimately, enhance the quality of later life [2].

A fundamental issue in elderly care is targeting those older people at risk and in need of care
interventions [3]. An age-related condition is frailty, which is a syndrome probably due to multiple
causes and characterized by diminished strength, endurance, and physiological function that promotes
dependency and ultimately death [4]. Different operational definitions of frailty have been proposed,
but the most commonly used is the frailty phenotype by Fried et al. [5]. Although there is no consensus,
this definition has been used as a gold-standard in many studies [6]. Criteria describing Fried’s
phenotype include: unintentional weight loss, exhaustion, weakness, slowness and reduced physical
activity. In this regard, other studies have used modified versions [7-9] or other physical frailty
criteria [10] in order to define this syndrome.

Further specification of frailty by defining profiles of frail older people contributes to the ongoing
debate on the conceptualization of frailty and could improve interventions [3]. Evidence suggests that
frail individuals are not a clinically homogeneous group [11], but to date, the heterogeneity in the
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frail population has not been fully acknowledged in care interventions [3]. Identification of different
profiles within the frailty people may be of great help in clinical settings, in order to better manage frail
people [12].

Some studies have looked at profiles or clusters of frailty. Some of them have used cluster
analytical techniques, while others have used latent class analytic techniques. All these studies have
had different scopes, for example using samples from the general population [13-15], only a part of
the general population such as women [16], or patients of a hospital [17]. Additionally, the studies
on frailty profiles have used a variety of indicators to get the profiles. Some of these studies only
used Fried’s criteria [13-16,18], while others included psychosocial indicators of frailty and/or related
problems [3,11,17,19].

Few studies have looked for classes or clusters only employing the physical dimensions of frailty.
Among them, Bandeen-Roche et al. [16] studied older women (65 years or older) in the general
population and used latent class analysis (LCA) to get classes from the five physical conditions of the
frailty syndrome. Their results point out two classes, frail and robust older women. Frail women
had a higher risk of disability, institutionalization, or death. Chen et al. [13] also studied a sample
of community-dwelling older adults, men and women, and performed LCA analyses on the five
physical indicators of frailty, and again found two classes, frail and robust. Then, they used logistic
regression to relate the two classes with other variables and found frailty associated with age, poorer
health, more depression and anxiety, less social activity, not consuming alcohol and higher rates of
cognitive impairment. Lohman et al. [15] also employed LCA on the five indicators of frailty in a
sample of 51 years or older Americans, and found the same two classes (frail and robust) and frailty
condition was associated to a number of negative health outcomes. Nevertheless, they also estimated
LCA including persistent pain and they argued that the classes from this LCA model better related
to health outcomes. However, Liu et al. [14] employed LCA to find frailty classes in a sample of
community-dwelling Taiwanese adults aged 50 or older, and contrary to the aforementioned evidence,
they found four classes: robust, mobility group, low activity and non-mobility group.

With regard to the outcomes frailty may be linked to, quality of life (QoL) is a salient one in old
age. The concept of QoL includes dimensions such as the feeling of well-being and the health-related
quality of life (HRQoL), which are strong indicators of successful aging [20]. Different studies
have shown a negative association between physical frailty and quality of life [21-26] or perceived
health [9,21,23,27-31], but there is no evidence whatsoever on how quality of life may be differently
related to different frailty profiles. However, relating frailty profiles to quality of life and healthy aging
markers allows for a patient-centered approach rather than an approach centered in the syndrome.

Therefore, the aim of the present study was: firstly, to identify subgroups or profiles of frailty in
older adults based on the physical conditions that define the frailty status; and secondly, to estimate
the relationships of these profiles with quality of life and perceived health indicators. The novelty of
this research is analyzing only pre-frail and frail subjects in order to avoid the simple clustering into
two groups of frail and non-frail. That is, the aim of this research is to distinguish classes within the
people that are already frail or at least have pre-frail conditions.

2. Materials and Methods

2.1. Sample and Procedure

This study was carried out using data from the Survey of Health, Aging and Retirement in Europe
(SHARE) Wave 6 [32,33]. SHARE is a longitudinal study focused on the study of European populations
aged 50 and older. Data were gathered using probability-based sampling, whose further details can be
found in Malter and Borsch-Supan [34].

From the 6th Wave of SHARE data, we selected the pre-frail and frail Spanish-dwelling participants
that were 60 years old and older, yielding a total of 1765 individuals.
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2.2. Instruments and Measures

Frailty was measured as previously operationalized in SHARE [7,8]. This frailty approach is
based on the five criteria established by Fried et al. [5] and has been tested and validated by different
authors [8,35,36]. The specific five attributes used in this study were:

e  Unintentional weight loss was operationalized using the question “What has your appetite been
like”. It scored positive when the participants reported “a diminution in desire for food”. In the
case of an uninterpretable response to the question, the participant was asked whether they had
been eating more or less than usual. Answering “less” was also considered a positive indicator of
unintentional weight loss.

e  Fatigue, resulting from a positive response to the question, “In the last month, have you had too
little energy to do things you wanted to do?”

e  Slowness was defined as a positive answer to any of the following two mobility questions strongly
associated with low speed: “Because of a health problem, do you have difficulty walking 100 m?”
or “Because of a health problem, do you have difficulty climbing one flight of stairs without
resting?”. Both questions referred to difficulties lasting more than three months.

e Weakness was assessed by handgrip strength measurements (twice for each hand) using a
dynamometer. The maximum grip strength measure was analyzed according to the cut-off points
stratified by gender and body max index, as proposed by Fried et al. [5].

e Physical activity was measured using the question “How often do you engage in activities that
require a moderate level of energy such as gardening, cleaning the car, or going for a walk?”
The criterion was fulfilled for participants answering either “one to three times a month” or
“hardly ever or never.”

One point was allocated for each fulfilled criterion. Participants with zero points were classified
as robust, those with one or two points were classified as pre-frail, and those with three to five points
were classified as frail [5]. Robust older adults were excluded from the study.

Quality of life was measured using the abridged version of the Control, Autonomy, Self-realization,
Pleasure scale (CASP-19) [37] designed for SHARE purposes [38]. Items were answered in a 4-point
Likert scale ranging from 1 (never) to 4 (often). A total score was obtained by summing all item scores.
The final score ranged from 12 to 48, with the highest values indicating better quality of life.

Perceived health was measured by means of an item of general perceived health included within
the SF-36 [39], namely “Would you say your health is ... ?”. A 5-point Likert scale was used, ranging
from 1 (poor) to 5 (excellent).

2.3. Ethical Clearance

The Ethical Approval for gathering of the data used in this study was obtained by the SHARE
project and it can be publicly consulted at: http://www.share-project.org/fileadmin/pdf_documentation/
MPG_Ethics_Council SHARE overall approval 29.05.2020__en_.pdf. More information at: http:
//www.share-project.org/.

2.4. Statistical Analyses

Descriptive statistics for all variables under study were calculated in SPSS 26. Mplus 8 [40] was
used for latent mixture modeling. All models were estimated with robust (full information) maximum
likelihood estimation (MLR). The mixture model used was LCA. In LCA, subgroup membership is
not observed and must be inferred from the data [41]. LCA was used in an exploratory way, and
the number of classes retained was based on several statistical criteria. Firstly, we used information
criteria such as the Bayesian information criterion (BIC), sample size-adjusted BIC (ABIC), and Akaike
information criterion (AIC), with smaller values indicating better fit. Secondly, entropy, a statistic
that assesses accuracy and can range from 0 to 1 (perfect accuracy), was considered. Statistical
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model comparison likelihood ratio tests and bootstrapping procedures were also used—pecifically,
the Lo-Mendell-Rubin test (LMR) [42] and the Bootstrap likelihood ratio test (BLRT) [43]. These tests
compare the improvement between neighboring class models with a statistically significant result
interpreted as fit improvement due to the extra class. Beyond these criteria, interpretability of the
results was also considered [44]. The recent developments in LCA consider relating the indicators to
the latent classes and also relating the classes extracted to a set of external variables [45]. Once the
number of latent classes was determined, groups of participants based on these classes were compared
based on several markers of successful aging. This new LCA with covariates was also tested. In this
LCA with covariates, quality of life and perceived health were treated as continuous.

3. Results

3.1. Descriptive Statistics

Among the 1765 participants, 1044 participants out of the total sample were female (59.2%) and the
remaining 721 were male (40.8%). Their mean age was 75.22 years old (SD = 8.86). Overall, 1285 (72.8%)
were pre-fail and 480 (27.2%) were frail, classified according to the Fried frailty phenotype [5].
Descriptive statistics of the categorical variables involved in the study are shown in Table 1. Prefrail
and frail groups were compared by age and gender. There was a significant mean difference in age
(t(1763) = =7.17, p < 0.001), with frail people being older (Mean = 77.66, SD = 8.5) than pre-frail people
(Mean = 74.31, SD = 8.82). Regarding gender, there was also a significant association with frailty
condition (x?(1) = 14.57, p < 0.001). Among the women, 30.6% were frail, while only 22.3% of the
men were.

Table 1. Descriptive statistics of the categorical variables involved in the study.

Variable Mean + SD or n (%)
Gender
Female 1044 (59.2%)
Male 721 (40.8)
Frailty condition
Pre-frail 1285 (72.8%)
Frail 480 (27.2%)
Age 75.22 (8.86)
Appetite (Loss) 321 (20.5)
Fatigue (Yes) 1002 (63.9)
Slowness (Yes) 731 (41.4)
Strength (Lack) 767 (57.1)
Activity (Inactive) 728 (41.2)
Perceived Health
Poor 451 (25.6)
Fair 672 (38.1)
Good 508 (28.8)
Very good 114 (6.5)
Excellent 20 (1.1)
Quality of Life 33.40 + 6.32

Notes: SD = Standard Deviation; n = number of observations.

3.2. Frailty Classes

LCAs from one to four classes were estimated, because with only five frailty indicators more
than four classes do not reduce complexity. The model with one class was used as a baseline model
against which to compare the models with extra classes. Table 2 shows all statistical criteria considered
to decide the number of classes retained. The model with four classes had the lowest information
criteria, and had statistically significant LMR and BLRT tests. However, the best entropy data were
obtained with three classes. Therefore, the criteria are slightly contradictory, and attending to results
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by Nylund et al. [46], we have given priority to the results of the BRLT test and BIC because they work
better for this type of model. We also found four classes being more interpretable than three.

Table 2. Models’ fit for 1 to 4 classes.

#Classes AIC BIC ABIC  Entropy LMR Test P BLR Test 4
1 10,271.1 10,2985 10,282.6 NA NA NA NA NA
2 99934  10,053.7 10,0187  0.717 283.3 <0.001 289.6 <0.001
3 9828.1 99212  9867.2 0.787 173.4 <0.001 177.3 <0.001
4 9737.3 98632  9790.2 0.680 100.5 <0.001 102.8 <0.001

Notes: AIC = Akaike information criterion; BIC = Bayesian information criterion; ABIC = adjusted BIC; LMR =
Lo-Mendell-Rubin test; BLRT = bootstrapped log-likelihood ratio test; NA = not applicable.

3.3. Relations with the Latent Classes

Once the number of classes to retain has been decided, we proceed to estimate an LCA with
four classes and four covariates, age, gender as control variables, and health status and quality of
life as markers of quality of life. Model fit statistics for this model were even better than those of the
LCA with four classes and no covariates. Model fit was: AIC = 7998.5, BIC = 8184.1, ABIC = 8072.8,
with entropy = 0.755. Class 1 included 526 (35.51%) participants, with class 2 including 207 or 13.98%
of the cases, class 3 had 364 (24.58%) cases, and the rest (384, 25.92%) of the participants were included
in class 4.

Table 3 offers the conditional probabilities of each class for every indicator of frailty. These conditional
probabilities allow for interpreting the sub-groups or classes. Class 1 has relatively high probabilities
in all frailty indicators, and thus this group represents “frail people”. Class 2 is characterized for
high probabilities in slowness and activity, this group represents people with “activity problems”.
Class 3 has very high probability of being fatigued and very low probabilities in the rest of indicators,
and therefore are old adults that are “fatigued”. Finally, class 4 is characterized by being high in the
weakness indicator (lack of strength) and therefore will be labeled “lack of strength”.

Table 3. Conditional probabilities of the manifestations in each class.

. Class 1. Frail ~ Class 2. Mobility Problems  Class 3. Fatigued  Class 4. Lack of Strength
Indicators

n =526 n =207 n = 364 n =384
1. Appetite 0.377 0.172 0.117 0.072
2. Fatigue 0.826 0.259 1.00 0.245
3. Slowness 0.697 0.374 0.120 0.076
4. Strength 0.779 0.000 0.160 1.00
5. Activity 0.595 0.598 0.062 0.132

A graphical representation of the conditional probabilities is offered in Figure 1.

In this LCA model with covariates, the key point is the effects of the covariates on the classes.
Class 1 (frail people) is taken as the reference group, and therefore all effects in a class are compared to
frail people. The effects in terms of coefficients and odds-ratios are presented in Table 4. All effects of
age, gender, quality of life and perceived health were statistically significant.

Regarding the effects of covariates in the comparison between class 2 (mobility problems) and
class 1 (frail), the sign of the coefficients indicates that an increase in age make a person more likely to
be frail than having only mobility problems, and the same is true for being male. However, increases in
quality of life and perceived health increase the probability of being in the group of mobility group
rather than in the frailty group. When odds ratios are considered, the probability of being in the
frailty group and not in the mobility problems group is 1.14-fold increased per year of age, while it is
increased 1.62-fold if you are a man. On the contrary, the odds of being in the mobility group (vs. frail)
increases 5.88-fold with each point increase in perceived health.

89



Int. J. Environ. Res. Public Health 2020, 17, 6772

4
1. Apetite 2. Fatigue 3. Slowness 4. Strength 5. Activity

Figure 1. Conditional probabilities of symptoms depending on the class.

Table 4. Effects, standard errors, odds-ratio, confidence intervals and significance tests for all covariates
in the model with class 1 as the reference group.

Class 2 vs. Class 1

Covariate
Effect SE P Odd-Ratio  SE 95% CI 4
Age -0.133  0.02 <0.01 0.875 0.02  0.835-0.914 <0.01
Gender (0 = female, 1 = male) —0.489 0.03 0.11 0.614 0.18  0.254-0.974 0.04
Quality of Life 0.023 0.03 <0.01 1.225 0.04 1.145-1.305 <0.01
Perceived Health 1.772 0.31 <0.01 5.882 1.81 2.262-9.502 <0.01
. Class 3 vs. Class 1
Covariate
Effect SE p Odd-Ratio  SE 95% CI r
Age -0.18 0.02 <0.01 0.804 0.01 0.784-0.824 <0.01
Gender (0 = female, 1 =male)  —0.53 0.28 0.06 0.585 0.16  0.265-0.905  0.01
Quality of Life 0.169 0.03 <0.01 1.184 0.04 1.104-1.264 <0.01
Perceived Health 1.676 0.25 <0.01 5.347 137  2.607-8.807 <0.01
. Class 4 vs. Class 1
Covariate
Effect SE P Odd-Ratio SE 95% CI P
Age —0.084 0.02 <0.01 0.919 0.02  0.879-0.959 <0.01
Gender (0 = female, 1 =male) —1.099 0.28 <0.01 0.333 0.09 0.153-0.513 <0.01
Quality of Life 0.169 0.03 <0.01 1.265 0.04 1.185-1.345 <0.01
Perceived Health 1.679 0.26 <0.01 7.011 1.86  3.290-10.73 <0.01

When class 3 (fatigued) is compared to class 1 (frail), it follows the same pattern of relationship.
That is, being older and male makes a person more likely to be in the frail group, while a better quality
of life and health increase the likelihood of being in the fatigued group (vs. frail). In terms of odd-ratios,
being a year older increases the odds of being frail (vs. fatigued) 1.24-fold. Being male increases the
odds of being frail (vs. fatigued) 1.70-fold. Regarding quality of life and health, we estimated that the
odds of being in the fatigued group (vs. frail) increases 1.18-fold with a change of one point in quality
of life and 5.34-fold per one unit change in perceived health.

Finally, class 4 (lack of strength) is compared with class 1 (frail), and again the pattern of
relationships remains the same. The odds of being frail (vs. lack of strength) increases 1.08-fold with
each added year of life, and 3.03-fold for being male. On the other hand, the odds of being in the group
of lack of strength (vs. frail) increases 1.26 with each unit increase in quality of life, and 7.011 with each
unit increase in perceived.
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In sum, the analyses of the effects reflect that age and being male are associated with the
probabilities of being frail vs. the other “less severe” groups of frailty symptoms. On the contrary,
a better perceived health and quality of life are expected in classes 2 (mobility problems), 3 (fatigued),
and 4 (lack of strength) compared to the frail group.

4. Discussion

The present study reports four different classes of frailty. All individuals involved in the study
were already displaying pre-frail or frail conditions, implying that the four subtypes of frailty are
all substantive. The “Frail” class (35.51% of the sample) is composed of those individuals with high
probabilities of displaying all five indicators of physical frailty. The “Activity problems” class (13.98%)
comprises older adults who most likely present slowness and physical inactivity. The “fatigued” class
(24.58%) is made up of individuals whose only expected symptom is fatigue, and who do not have
problems regarding any other indicators of physical frailty. Finally, “lack of strength” class (25.92%) is
similar to the “fatigued” class in that it includes individuals whose only probable ailment is a relevant
lack of strength, but who are expected to perform well in any other indicator.

One of the goals of the study was to disentangle frailty subtypes only among those individuals
whose frail or pre-frail physical conditions were already evident. Previous studies on general population
samples found a two-class solution of frail vs. non-frail individuals [13-16]. An exception was the
study by Liu et al. [14], in which up to four subtypes of frailty were found. In the four-class model
retained by the authors, more than half of the sample was identified as non-frail, and the rest were
assigned to three different groups: mobility-type frailty, with a higher prevalence of slowness and
weakness; non-mobility-type frailty, with higher exhaustion and weight loss; and the low physical
activity group. To some point, the mobility-type frailty was similar to the “activity problems” class
found in our study, while non-mobility-type frailty is more similar to the “fatigued” class. However,
in the study by Liu et al. [14], weight loss and fatigue were not salient symptoms for any of the four
classes, nor was there a frail class. Although the physical indicators may be associated through
interrelated pathways, different underlying mechanisms may determine these subtypes. Wasting or
chronic inflammatory processes may contribute to the non-mobility group, and, on the other hand,
the mobility group could be largely due to neurodegeneration [14]. Existing bibliography refers to
the existence of different trigger conditions that could activate the frailty process [47,48]. Initially,
such conditions could be associated with the physical manifestations of frailty that characterize different
frailty profiles obtained in this study: “fatigued”, “activity problems” and “lack of strength”. Studies
show that alterations of the neuroendocrine system, micronutrients deficiency, or other factors related
to energy and nutritional imbalance could be key point in this activation of frailty [47]. These alterations
could be related to fatigue, among other manifestations. The literature has also referred to a lack of
activity as a precursor of frailty and how sedentary lifestyle can be decisive in this process [47,49].
On the other hand, Fried et al. [5] presented a construct based on energy imbalance and sarcopenia to
activate the cycle of frailty, whose first manifestation could be weakness [48].

A second goal of this study was relating frailty profiles to successful aging-related outcomes.
Indicators of successful aging employed in the study were quality of life and perceived health.
We compared all classes against the “frail” class, in order to determine whether the effects of frailty
on quality of life and perceived health varied between those with high probabilities of displaying all
physical indicators of frailty and those whose frailty conditions were not as widespread. The results
show statistically significant better quality of life and perceived health in “activity problems”, “fatigued”
and “lack of strength” classes compared to the “frail” class. These results are in line with previous
literature pointing to a negative association between quality of life and physical frailty, and between
perceived health and physical frailty [9,21-28,30,31]. Some of the studies classified the general
population and obtained two groups that then related to outcomes such as health and wellbeing
indicators, which makes it difficult to compare their results with ours because our groups only include
pre-frail and frail people [13,15,16]. However, their overall results show that frailty is negatively
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associated with health and wellbeing measures, which is in line with our results in the sense that the
frail group with the presence of most indicators of a frail condition had worse health and worse quality
of life (wellbeing). Additionally, our results offer a first glimpse of the idiosyncratic relationships
between markers of successful aging and frailty profiles. Thus, the “activity problems”, “fatigued”
and “lack of strength” frailty typologies had higher probabilities (with odd ratios of 1.22, 1.18 and
1.26, respectively) of displaying better quality of life than the “frail” frailty status typology. On its
part, perceived health followed similar patterns of relationship, but the odd ratios were higher in the
“lack of strength” typology (odd-ratio 7.01), where a higher score of perceived health is more likely
when compared to the “frail” typology, followed by the “mobility problems” typology (5.88) and
“fatigued” typology (5.34). This result points out that as the number of frailty symptoms accumulates,
the negative impact on quality of life and perceived health is stronger. In other words, the presence of
more frailty symptoms in a person notoriously undermines self-reported health and quality of life.

Age and gender were also included as covariates in LCA models to provide a better description
of the profiles. A large volume of the literature has demonstrated that frailty is associated with age,
when comparing frail versus non-frail groups [5,9,13]. Additionally, the evidence generated in this
study shows that increased age increases the odds of being in the “frail” class, described as the most
severe one (or at least with higher probabilities in all criteria). Regarding gender differences, several
studies have consistently shown a higher prevalence of frailty in women [50]. In line with the literature
data, we observed that the proportion of frail women was significantly higher than the proportion of
frail men according to the modified version of Fried’s phenotype. Additionally, when the frailty status
typologies were considered, this study shows that being male is associated with the probability of being
in the frail subtype. This class has high probabilities in the five frailty attributes and therefore could
be considered the most severe class compared to the other groups of manifestations. These findings
could be masked when using an overall frailty label and could give some explanation to another
gender-related condition in the existing bibliography, the higher mortality among men resulting from
frailty [18,51,52]. Sex-specific pathways to frailty could also explain specific gender-related profiles [19].

Among studies examining different frailty profiles or clusters, the ones using the physical
operationalization of frailty employed samples of the general population in Japan [13], Taiwan [14]
and the United States [15], or a sample of the general female population in the United States [16].
As all these studies took place in North America or Asia, there is a lack of knowledge in reference
to frailty subtypes or classes in other populations. The present study offered evidence of frailty
profiles in a representative sample of Spanish-dwelling older adults, giving a first glimpse of frailty
subtypes in Europe. Moreover, in three out of four of these previous studies, the same two frailty
classes were found, representing the robust and frail groups of individuals [13,15,16]. By excluding
non-frail individuals, this study revealed four different patterns of frailty attributes, which sets the
basis for differential treatment in order to lessen the detrimental effects of frailty in quality of life and
perceived health.

Despite the contributions made by this study, there are some limitations too. For example,
despite examining differences in quality of life and perceived health among classes, there is still no
evidence on how these frailty classes may differently predict markers of successful aging, or vice-versa.
Previous longitudinal evidence points to a bidirectional relationship between frailty and quality
of life [24] and a causal relationship between frailty and reduced health-related quality of life [28].
The cross-sectional design of our study does not allow conclusions of directional relationships between
frailty classes and markers of good aging. Moreover, in this study, frailty was operationalized by its
physical indicators. However, other operationalizations of frailty, or a combination of them, were also
employed in the literature. Even though physical frailty has been used as the gold-standard for frailty
measurement [6], these other frailty measurements are also possible and might lead to different results.

92



Int. J. Environ. Res. Public Health 2020, 17, 6772

5. Conclusions

All in all, this study contributes to the pre-existing literature on frailty classes by studying
substantive frailty typologies. To the best of our knowledge, this is the first time a representative
sample of Spanish-dwelling older adult population has been used, meaning that inferences about
population can be drawn and hence “frail”, “activity problems”, “fatigued” and “lack of strength”
classes perfectly mirror frailty heterogeneity in Spanish dwelling older adults. This research also
examined differences in quality of life and perceived health among “activity problems”, “fatigued”
and “lack of strength” classes against the “frail” class. However, future research should focus on
interclass comparisons among all classes using these and other age-relevant variables, in order to
gather information regarding the specific characteristics of every frailty class, which could foster
patient-centered intervention development.
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Abstract: Background: The aim of the study was to compare the emotional state and strength-velocity
parameters of patients with frailty and pre-frailty syndrome undertaking a 12-week training
programme. Methods: The study was completed by 36 individuals, including 17 with frailty
syndrome (FS) and 19 with pre-frailty syndrome (PFS). The age of the subjects ranged from 63 to
89 years, with a mean 69.2 years (+5.0). The Beck Depression Inventory (BDI), Spielberg’s State-Trait
Anxiety Inventory (STAI), and Satisfaction with Life Scale (SWLS) were used. The strength of knee
muscles was evaluated. The above tests were conducted at two time points: before the training
sessions (T1); and after 12 weeks of regular training sessions (T2). Results: After completion of the
training programme, statistically significant differences in BDI were observed between the PFS and
FS groups (especially in somatic symptoms). Following the training, BDI values in the PFS group
were significantly lower (fewer depressive symptoms) than in the FS group. The parameter values
describing strength capacities of the lower limbs, both at T1 and T2, proved to be higher in the PFS
group. Conclusions: In individuals with pre-frailty and frailty syndrome, the 3-month physical
training programme improved the strength parameters of lower limb muscles. An improvement
in mood and reduction in depressive symptoms were only observed in the group of subjects with
pre-frailty syndrome. Rehabilitation programmes for people with frailty syndrome should include
psychotherapeutic activities in addition to physical training in order to improve the psychophysical
condition of patients.

Keywords: frailty syndrome; physiotherapy; exercise; mood; BDI; STAI; SWLS; muscle strength

1. Introduction

Advancing age is associated with decreased fitness and physical performance, a deterioration in
psychophysical condition, decreased strength and muscle mass (sarcopenia) and impaired balance and
neuromuscular coordination. Additionally, elderly people with a sedentary lifestyle suffer from bone
weakness and increased susceptibility to injuries and fractures.

Frailty syndrome, otherwise known as weakness or fragility syndrome, is defined as a clinically
recognised state of increased sensitivity of the body to endo- and exogenous stress factors due to
reduced physiological reserves, resulting from a reduced capacity of various physiological systems [1].

The aetiology of frailty syndrome is not entirely understood. An international group of experts
has defined frailty as a clinical state in which there is an increase in an individual’s vulnerability for
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developing increased dependency and/or mortality when exposed to a stressor [2]. Many interconnected
negative stress factors are known to contribute to its development, causing a decrease in systemic
reserves at the molecular, cellular and physiological levels, and exacerbating pre-existing pathologies [3].

Elderly people who have been diagnosed with frailty syndrome due to depleting functional organ
reserves experience accelerated aging processes [3]. Deterioration of the body’s ability to react to stress,
disruptions to homeostasis and impairment in regeneration function lead to a more severe disease
course, which increases their susceptibility to adverse events such as falls, disability, hospitalisation
and death [4]. Additionally, in people over 60 years of age with frailty syndrome, changes to the
skeletal muscles such as a reductions in muscle mass and muscle contraction strength, nerve atrophy
and slowing of the contractility of muscle fibres are very common. These changes are associated with
sarcopenia, a reduction in muscle mass, and, consequently, a reduction in muscle strength. This is
associated with a loss of motor units present in muscle fibres. This phenomenon occurs to a similar
extent in both genders, with the most significant changes occurring in the lower limbs. Hormonal
changes are also thought to have a destructive influence, with decreased hormone concentrations
leading to reductions in muscle mass, strength and muscle function. In addition, a lack of physical
activity is known to increase the risk of sarcopenia [5].

Changes in the musculoskeletal system may contribute to a loss of physical fitness, impaired balance
and falls, leading to a loss of independence and difficulty performing simple and complex activities.

The most frequently used criteria to identify frailty syndrome were proposed by Fried et al. (2001) [6].
These criteria include five indicators: weight loss of more than 5 kg per year, reduced hand grip
strength measured on a dynamometer, exhaustion assessed by the CES-D depression scale, reduced
gait speed and reduced physical activity measured by the modified Minnesota Leisure Time Activity
Questionnaire. The patient must meet three or more criteria for frailty syndrome (FS) to be recognised.
If one to two criteria are met, a condition referred to as pre-frailty syndrome (PFS) is declared,
which precedes the diagnosis of frailty syndrome [6].

A lack of physical activity is known to accelerate the aging process of the body and may lead to
physical disability. Undertaking physical activity has a positive impact not only on physical fitness,
but also on mental health, contributing to an improvement in mood and reduced levels of depression
and anxiety [7].

The latest scientific reports on frailty syndrome suggest that it can be prevented and treated with
regular physical activity [8,9]. According to Mazurek et al. (2018), health training activities positively
influence each of the diagnostic criteria that are typical of frailty syndrome, such as weight loss, exercise
intolerance, slowing down of gait, weakening of muscle strength and a subjective feeling of weakness
and fatigue [10].

Very few scientific reports on this topic have focused on exploring such forms of training that would
benefit patients with frailty syndrome at various stages of the disease, as well as to promote effective
and scientifically proven physical activity among the elderly as a generally accepted intervention to
prevent frailty syndrome [2,11].

Study Aim

The aim of the study was to compare the emotional state and strength-velocity parameters of
patients with frailty and pre-frailty syndrome undertaking a 12-week training programme. Specifically,
we wanted to assess the emotional state of subjects with frailty and pre-frailty syndrome and determine
whether a 12-week training programme improves their mood, and to investigate whether there is a
relationship between the emotional state and strength-velocity parameters in the two groups of patients.
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2. Material and Methods

2.1. Study Group

Studies were conducted at the Scientific Research Laboratory of the Department of Physiotherapy
at the University of Physical Education in Wroclaw. Each participant was informed about the purpose
and method of the study and about the possibility of withdrawing from the study at any stage.
Participants provided informed consent to take part in the study. The study was approved by the
Bioethics Committee of the University School of Physical Education in Wroclaw, Poland (reference no.
15/2020) and conducted in accordance with the Declaration of Helsinki.

Individuals with frailty and pre-frailty syndrome who met the following inclusion criteria qualified
for the study: at least three out of five symptoms of frailty syndrome or one to two symptoms in
the case of pre-frailty (according to Fried frailty index) confirmed by a doctor, no contraindications
to the tests and trials, no participation in another rehabilitation programme, absence of dementia
(MMSE > 24), and consent to participate in tests and trainings. Exclusion criteria were also adopted:
contraindications to exercise tests and physical training, dysfunctions that make it impossible to
perform tests and participate in trainings, less than 70% of training attendance.

The study was completed by 36 individuals, including 17 with frailty syndrome and 19 with
pre-frailty syndrome. The age of the subjects ranged from 63 to 89 years, mean 72.1 years (+6.4).

Patients from both groups took part in regular training sessions(Figure 1).

Enrolment ]

l Screened for eligibility (1 =63)

Excluded (n =21)
e Not meeting inclusion criteria (1 = 14)
e Refused to participate (1 =7)

Allocation
Group | = Group Il =
Frailty Syndrome Pre-Frailty Syndrome

(n=20) (n=22)
Excluded Excluded
e Withdrew due to . . Withdrew due to
declining health (1 = 2) declining health (1 = 2)
e Difficult to attend e Difficult to attend
(n=1) (n=1)

[ Analysis ]

Group | (FS) Group Il (PFS)
(n=17) (n=19)

Figure 1. Design and flow of participants throughout the study.
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2.2. Measurement Tools

The Beck Depression Inventory (BDI), Spielberg’s State-Trait Anxiety Inventory (STAI),
and Satisfaction with Life Scale (SWLS) were used.

The BDI contains 21 items that relate to most significant symptoms of depression. The Polish
version of the BDI is a translation of the original tool with very good psychometric properties similar to
the original (Cronbach’s o was 0.95 for clinical trial and 0.93 for control group). The first 13 questions
focus on cognitive-affective aspects and the remaining questions relate to somatic symptoms that
accompany mood disorders. Scores of 0-11 points indicate no depressive disorders, while higher total
scores indicate more severe depressive symptoms according to the applicable standards [12,13].

The SWLS measures an individual’s subjective sense of satisfaction with life. The higher the score,
the more satisfied with life the respondent is. This study used raw results of the Polish standards,
where scores of 5-17 indicate low satisfaction, 18-23 indicate average satisfaction and 24-35 represent
high satisfaction with life. The psychometric properties of the Polish version are satisfactory and
similar to the original [14,15].

The STAI was used to assess the level of anxiety as a state and as a trait. The subscale of anxiety as
a state (X-1) is used to study the current mood of the respondent, while the trait anxiety subscale (X-2)
illustrates how the assessed person usually feels. Measurement does not include somatic manifestations
of anxiety. The criterion for dividing patients into subgroups of low and high levels of anxiety for the
STAI (X-1) is a score of 44, and for STAI (X-2) it is a score of 46. The overall result for each of the two
parts of the questionnaire ranges from 20 points, indicating mild anxiety, to 80 points, indicating very
severe anxiety. The psychometric properties of the Polish version are similar to the original [16,17].

2.3. Examination of Force—Velocity Parameters

The right and left flexor and extensor muscles of the knee joint were evaluated. The following
parameters were analysed: peak torque (Nm), total work (J), and average power (W). The measurements
were made using a Multi Joint 4 dynamometer (Biodex, Shirley, NY, USA).

The subject performed flexion and extension tests in isokinetic conditions. Before the measurement,
the attachment, seat and dynamometer were adjusted so that extension of the axis of rotation of
particular joint was achieved. With appropriate stabilisation, the measurement began with the
maximum flexion of the knee, performed fast and with the greatest possible strength. For angular
velocity w = 60°/s, five repetitions were performed [18].

The above tests were conducted at two time points: before the training sessions (T1); and after
12 weeks of regular training sessions (T2).

2.4. Training Sessions

The respondents exercised regularly twice a week for 60 min for 12 weeks. The exercises were
carried out in the gymnasium of the Faculty of Physiotherapy of the University of Physical Education
in Wroclaw. A single session consisted of a warm-up (10 min) and the main physical workout (about
40 min), followed by stretching, breathing and relaxation exercises (10 min). During the session,
the subjects performed general fitness exercises, improving coordination and balance, as well as
resistance exercises using Thera-Band with an individually adjusted load. Other sporting equipment
was also used, including mats, gym rods and balls.

2.5. Statistical Analysis

The study group was characterised using descriptive statistics, including mean, standard deviation,
median, minimum and maximum values, and numbers, confidence interval and percentages were used
in the case of qualitative variables. The Shapiro-Wilk test was used to check for normal distribution of
the data. Non-parametric tests were used for BDI, SWLS and STAI data (Wilcoxon test to compare two
dependent groups and Mann-Whitney U test to compare two independent groups) and parametric
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tests for force-velocity parameters (Student’s t-test to compare two dependent groups and to compare
two independent groups). Cohen’s d coefficient, pairs rank biserial correlation coefficient as well as
Glass rank-biserial correlation coefficient were calculated to assess the magnitude of the effect of the
observed relationships [19-22]. The calculations were carried out using STATISTICA 13.1. (StatSoft
Polska, Krakow, Poland).

2.6. Results

The comparative analysis of both groups showed that the group of patients with PFS was
significantly younger than those with FS (Table 1).

Table 1. Characteristics of the groups.

PFS Group FS Group
n=19 n=17 Test T Cohen’s d
Mean Median SD  Mean Median SD t P
Age (Years) 69.16 67.00 5.01 75.35 73.00 6.40 =325 0.0026 * 1.12
Height (cm) 15397 162.00 37.68 14991 160.00  39.05 0.32 0.7528 0.11
Body mass (kg)  77.05 76.00 11.99  70.35 70.00 14.16 1.54 0.1336 0.53
BMI (kg/mz) 29.39 29.00 3.68 27.98 27.34 5.30 0.94 0.3543 0.32
PFS—pre-frailty syndrome group, FS—frailty syndrome group, * Differences were considered statistically significant

atp <0.05.

Before the commencement of training sessions (T1), depressive symptoms (BDI > 12) were recorded
in 16 respondents (44%), most of whom were in the PFS group (10 subjects, 53%). After 12 weeks of
training (T2), 14 people (39%) still had depressive symptoms. However, at this time point, the number
of people with depressive symptoms increased to 10 in the FS group (59%) (Table 2).

Table 2. Percentage distribution of Beck Depression Inventory (BDI) results in the study groups.

T1 T2

Group BDI Results " Py Y % Chi? p-Value
o o

No depression 9 47 15 79

PFS DBDI <12 0.0328 *
epression
S 10 53 4 21

No depression 1 5 7 4

FS BDI <12 0.6275

Depression
BDI > 12 6 35 10 59

PFS—pre-frailty syndrome group, FS—frailty syndrome group, BDI—Beck Depression Inventory. * Differences
were considered statistically significant at p < 0.05.

In the PFS group, a statistically significant decrease in the values describing depressive symptoms
(BDI) was observed. The levels of both state anxiety (STAI X-1) and trait anxiety (STAI X-2) were
also significantly decreased in this group. Similar trends were not observed in the group with frailty
syndrome. Moreover, the level of life satisfaction (SWLS) did not change in either group. The observed
relationships were confirmed by a low effect size (r. < 0.4) with no statistical significance and a medium
to high effect in the case of statistically significant changes (r. > 0.55) (Table 3).
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Table 3. Comparison of initial (T1) and final (T2) results in both groups (PFS and FS).

T1 T2 T1 vs. T2
Group Median Min Max Median Min Max Wilcoxon Test Te
Z p
SWLS 22.00 9.00 30.00 23.00 10.00 30.00 0.00 0.5228 0.15
BDI (1-13) 5.00 0.00 13.00 3.00 0.00 12.00 2.77 0.0058* 0.77
PES BDI (14-21) 4.00 0.00 11.00  3.00 0.00 10.00 241 0.0413* 055
BDI all 12.00 0.00 20.00 5.00 0.00 21.00 2.07 0.0031* 076
STAI X-1 4400 2600 73.00 40.00 26.00 75.00 1.84 0.0079*  0.61
STAI X-2 4400 25.00 74.00 41.00 23.00 53.00 2.07 0.0070*  0.70
SWLS 24.00  20.00 30.00 24.00 13.00 28.00 0.49 0.1075 0.39
BDI 1-13 2.00 0.00 16.00  5.00 0.00 12.00 0.00 0.2934 0.27
FS BDI 14-21 5.00 1.00 12.00 8.00 0.00 13.00 1.46 0.0976 0.40

BDI all 7.00 1.00 21.00 14.00 1.00 2200 1.34  0.2093 0.34
STAI X-1 37.00  26.00 55.00 40.00 23.00 56.00 -0.25 0.4229 0.20
STAI X-2 38.00 25.00 61.00 40.00 25.00 56.00 194  0.1488 0.35
PFS—pre-frailty syndrome group, FS—frailty syndrome group, SWLS-Satisfaction with Life Scale; BDI-Beck

Depression Inventory; STAI-Spielberg’s State-Trait Anxiety Inventory; re—pairs rank biserial correlation coefficient;
* Differences were considered statistically significant at p < 0.05.

The peak torque (PT [Nm]), total work (TW [J]), and average power (aP [W]) were evaluated
twice (T1 and T2) during flexion and extension of the knee joint under isokinetic conditions with 60°/s
load. The results for these parameters observed after the completion of the training programme in
both study groups were higher than the baseline values (Table 4).

Prior to the training programme, no significant differences in the level of depression and anxiety
symptoms were observed between the groups. After completion of the training programme, statistically
significant differences in BDI were observed between the PFS and FS groups (especially in somatic
symptoms). Following the training, BDI values in the PFS group were significantly lower (fewer
depressive symptoms) than in the FS group (Tables 3 and 5).

The parameter values describing strength capacities of the lower limbs, both at T1 and T2, proved
to be higher in the PFS group (Tables 4 and 5). In the case of statistically significant differences between
values obtained in the first and second study, the effect size was greater than 0.2 in both studied groups
in most cases (Table 5). For statistically significant differences observed between the groups in both
study 1 and 2, the effect size was greater than 0.72 (Table 5).
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Table 5. Statistically significant differences in the parameters between the FS group and PFS group in
the initial (T1) and final (T2) tests.

T1 T2
Parameters PFS vs. FS PFS vs. FS T1 T2
U/t p U/t P
SWLS 11100 01131 16000 09747 ~031  —0.01
BDI (1-13) 12650 02743 10450  0.0734 022  -035
BDI(14-21) Mann-Whitney 14800 06804 9100  0.0265* . ~008 —0.44
BDI all U test 15650  0.8866 9500  0.0365* : 003  —041
STAT X-1 10400 00709 13850  0.4759 036 —0.14
STAI X-2 10350 00685 14300  0.5684 036 —0.11
PTE6OR 283 00078 254  00157* 078 087
PTE6OL 234 00254* 211  0.0426* 110 072
PTF 60 R 188 0069 197  0.0576 081 068
PTF60L 277 00089* 245  0.019* 175 084
TW E 60 R 132 01954 216  00377* 037 074
TWE60L ) 169 01014 170  0.0976 ) 099 059
TWFeoR  otudentsttest o0 gog51 213 goao7+ Cohen'sd o0 (73
TWF60L 268 00112* 275  0.009%* 138 094
aPE60R 2900 00065* 261  00134* 085 090
aPE6OL 270 00108* 221  0.0341* 088 076
aPF60 R 244 00203* 140  0.1708 097 048
aPF60L 331 0002* 270 00106 283 093

PFS—pre-frailty syndrome group; FS—frailty syndrome group; SWLS-Satisfaction with Life Scale; BDI-Beck
Depression Inventory; STAI-Spielberg’s State-Trait Anxiety Inventory; PT-peak torque; TW-total work; aP-average
power; E-knee extensors; F-knee flexors; R-right side; L-left side; rrb—Glass rank-biserial correlation coefficient;
* Differences were considered statistically significant at p < 0.05.

3. Discussion

Individuals with frailty syndrome are more susceptible to stress and exhibit a poorer
psychophysical condition compared to their peers. It has been found that too little physical activity
activates the so-called “cycle of weakness”, which further deteriorates fitness that is already hindered
by the ageing process [10].

For the elderly, maintaining an active lifestyle and continuing daily activities are particularly
important. A planned and systematic physical activity routine positively influences not only the
individual’s physical health, but also their cognitive-emotional state. Many published studies have
confirmed these findings [10,23-26]. According to Chris et al. (2017), physical activity shapes a
personality, which can also indirectly influence the individual’s emotional state [27].

The training performed in this study had a clear impact on the emotional state of patients. In the
group of patients with a pre-frailty syndrome, a significant improvement in mood and reduced anxiety
were observed. This was in contrast to the group of patients with frailty syndrome, in whom a
deterioration in mood and increase in anxiety symptoms were observed following the training, but
this difference did not reach statistical significance. It is worth mentioning that, in the pre-frailty
syndrome group, the number of depressive disorders was significantly decreased. What is striking,
however, was that the number of cases of depressive disorders was increased in the frailty syndrome
group. This may be due to the severity of the disease and its late diagnosis. It is important to note
that the frailty syndrome diagnosis has not been standardised. For instance, Sutorius et al. (2016)
present discrepancies resulting from the use of different research scales [28]. Many factors influence
the development of frailty syndrome. As a result, there are a wide variety of disease presentations.
At present, the five criteria that describe frailty syndromes are the most important [29]. The sooner the
patient is diagnosed with frailty syndrome, in this case at an early stage, the greater the probability of
successful prophylaxis and treatment. Nevertheless, the obtained results indicate that, at the frailty
syndrome diagnosis stage, physical training alone, even best adapted to the individual, is insufficient.
Consistent with the comprehensive nature of rehabilitation, patients with frailty syndrome should be
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offered additional forms of support, especially emotional support, so that their condition does not
deteriorate. This is even more important considering that our other results show an improvement in
lower limb strength in these individuals. These additional forms (e.g., group psychotherapy) are very
effective in elderly patients with various chronic diseases [30].

The improvement in the emotional state of the group of patients with pre-frailty syndrome is
encouraging and suggests that preventive measures are most effective at this stage of the illness.
Therefore, it is worth encouraging patients to start physical activity as early as possible and to
perform standard screening tests for depressive disorders. The sooner a patient is diagnosed with the
syndrome, in this case at the earlier stage of pre-frailty syndrome, the more effective the prophylaxis
and treatment measures.

The difference in emotional status results may also be related to age. The group of patients
with pre-frailty syndrome was significantly younger than the group with frailty syndrome. However,
many studies have indicated that even the oldest patients still benefit from rehabilitation [25,31].

Changes in the level of anxiety of patients in the studied groups were analogous to mood
changes. This is not surprising as anxiety is one of the basic symptoms of depression. This relationship
is multidirectional because increased levels of anxiety may intensify the symptoms of depression.
The relationship between these characteristics was confirmed by Jaeschke et al. (2010) who described
the coexistence of anxiety disorders and depression [32].

Every training programme is considered to be a good way to increase physical fitness among
the elderly. People with frailty syndrome experience the so-called “cycle of frailty”, associated with
reduced energy expenditure due to insufficient activity. One of the elements that is known to improve
the functioning of the elderly and reduce the risk of falls is maintaining an appropriate level of muscle
strength, especially in the lower limbs. Studies indicate that resistance training increases muscle
strength, walking speed and reduces pain [10,33]. Resistance training using a Thera-band and fitness
balls was used in the present research. In our study, systematic physical activity significantly improved
the strength of the lower limbs.

High intensity resistance training can be effective in the fight against muscle weakness and
decreased fitness in elderly patients. Furthermore, it has been shown that nutritional supplementation
without physical activity does not have a significant effect on muscle strength. Beaudart et al. (2017)
investigated whether aerobic activity improves VO2 max and muscle strength in the elderly [34].
The procedure consisted of resistance exercises and nine months of gait training, which was found
to improve the subjects’ exercise capacity by 14%. It has been demonstrated that multicomponent
training, which is one that includes different types of exercises combined with psychological support
and patient education, can result in elimination of frailty syndrome by 14.7% relative to a control
group [35]. Our training programme included various forms of workouts, including resistance training
with the use of equipment, together with aerobic training and stretching exercises. This resulted in
improved strength parameters of the lower limbs. In a randomised study where resistance, stretching,
neuromuscular control and aerobic exercise were carried out for 24 weeks at 65 min per day, the frailty
syndrome elimination was found in 31.4% of elderly people, with no changes in the control group [36].
In our study, training was performed only twice a week, which may not have been sufficient for all
results to be statistically significant.

The processes associated with aging include reduced neuromuscular control, reduced muscle
strength and cardiovascular diseases; therefore, it is worth trying to prevent these outcomes using
endurance and strength training. The research carried out by Cadore et al. (2014) examined the
influence of the aforementioned training types on physical fitness of people with frailty syndrome and
a control group [37]. Strength training resulted in improvements in muscle strength, speed and ability
to recruit motor units. In the second test, endurance training was conducted simultaneously with
strength training. It turned out that this combination had a very positive effect on the functionality of
the elderly, but it also resulted in a smaller increase in muscle strength compared to strength training
alone. Comparing the group of older people to the control group, it was concluded that, when used
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to improve strength and muscle mass, strength training impacts both groups to the same extent [37].
In our study, the peak torque, total work and average power increased in both groups following the
exercise programme.

Other studies revealed that, in elderly women, even short-term strength training (about six weeks)
increased the strength of the extensor muscles of knee joint, which also improved their functioning [38].
In our study, exercises were also conducted under the supervision of a specialist, which ensured greater
safety and control of the whole training programme.

Research by Tracy et al. (1999) concerned the influence of strength training on the condition
of lower limb muscles [39]. An increase in the strength of the dominant limb was observed in both
women and men, although it was greater in men. The increase in isometric strength was 13 + 6% in
men and 7 + 3% in women, but this difference was not statistically significant. Regarding isokinetic
strength, significant changes in peak torque of the knee extensors were achieved, but only in the male
group. Additionally, the volume of the thigh quadriceps muscle of the trained limb was measured,
and a 12% increase was recorded. In our study, we also investigated peak torque in addition to the
total work and average power of muscles acting on the knee joint. As a result of the training sessions,
these parameters increased in both groups. In terms of percentage, greater differences were observed
in subjects with frailty syndrome for most of the parameters. This may be due to the greater muscle
weakness observed in this group, evidenced by significantly lower values of strength parameters
recorded during the initial study in comparison to the pre-frailty group. The workload for subjects with
increased sarcopenia was relatively higher, which resulted in a greater increase in strength capacity of
the examined muscles. Higher relative training load of the group of subjects with frailty syndrome
may also explain the lack of improvement in mood, or even a slight increase in anxiety and depression.

A study by Batista et al. (2014) examined how the strength of the lower extremities affects
independence among elderly outpatients in relation to gender, age and the frailty syndrome criteria [40].
It was noted that men over 80 years of age who met one or two frailty criteria and had greater lower
limb strength showed better independence compared to women who were slightly younger but with
three or more syndrome criteria. It was also found that men and the elderly with greater strength in
the lower extremities had better results with regard to their independence.

Each and every physical activity has a positive impact on the body, evidenced by the improvement
in strength parameters observed in both groups investigated in this study. Individuals with diagnosed
frailty or pre-frailty syndrome can, with the help of appropriate training, prevent the development
of symptoms. This is also important as we observed a simultaneous improvement in the emotional
state of patients with a diagnosis of pre-frailty syndrome. On the other hand, deterioration of the
emotional state and increased number of cases of depressive disorders were observed among patients
with frailty syndrome following training, suggesting that other forms of support and emotional state
therapy should be introduced at the same time.

4. Limitations

Screening tests were used to assess mood and anxiety in subjects, which is not equivalent to a
medical diagnosis and requires more extensive diagnostic tests. The study should be continued with
bigger sample size and with the control group of patients. The functional status of patients with frailty
syndrome made it necessary for them to be brought to the training sessions by informal caregivers,
which could be a stressful factor for the respondents. Further research should consider organising free
transportation of patients to the training sessions.

5. Conclusions

1. Inindividuals with pre-frailty and frailty syndrome, the 3-month physical training programme
improved the strength parameters of lower limb muscles.

2. Animprovement in mood and reduction in depressive symptoms was only observed in the group
of subjects with pre-frailty syndrome.
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3. Rehabilitation programmes for people with frailty syndrome should include psychotherapeutic
activities in addition to physical training in order to improve the psychophysical condition
of patients.
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PES pre-frailty syndrome group
FS frailty syndrome group
SWLS satisfaction with life scale
BDI Beck depression inventory
STAI Spielberg’s state-trait anxiety inventory
PT peak torque

™ total work

aP average power

E knee extensors

F knee flexors

R right side

L left side

T1 initial results

T2 final results
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Abstract: Frailty is defined as a state of increased vulnerability to stressors, and it predicts disability
and mortality in the older population. This study aimed to investigate the standardized prevalence and
multidimensional risk factors associated with frailty among Korean community-dwelling older adults.
We analyzed the baseline data of 2907 adults aged 70-84 years (mean age 75.8 + 3.9 years, 57.8% women)
in the Korean Frailty and Aging Cohort Study. The Fried frailty phenotype was used to define
frailty. Analyzed data included sociodemographic, physical, physical function, biological, lifestyle,
health condition, medical condition, psychological, and social domains. Data were standardized using
the national standard population composition ratio based on the Korean Population and Housing
Census. The standardized prevalence of frailty and prefrailty was 7.9% (95% confidence interval
(CI) 6.8-8.9%) and 47.0% (95% ClI, 45.1-48.8%), respectively. The following 14 risk factors were
significantly associated with frailty: at risk of malnutrition, sarcopenia, severe mobility limitation,
poor social capital, rural dwellers, depressive symptoms, poor self-perceived health, polypharmacy,
elevated high-sensitivity C-reactive protein, elevated glycosylated hemoglobin, low 25-hydroxy
vitamin D level, longer Timed Up and Go, and low Short Physical Performance Battery score (p < 0.05).
Physiconutritional, psychological, sociodemographic, and medical factors are strongly associated
with frailty.

Keywords: community-dwelling older adults; physical frailty; prevalence; risk factors

1. Introduction

Frailty is characterized by a significant decline in the functional reserve capacity of multiple
organ systems with an increased vulnerability to stressors, leading to a higher risk of adverse health
outcomes such as falls, disability, hospitalization, and mortality in older adults [1,2]. The wide range
in prevalence among the studies is due to the different definitions of frailty. In a systematic review, the
prevalence of frailty in community-dwelling older adults aged >65 years was found to vary from 4.0%
to0 59.1% [3]. The Fried Frailty Phenotype (FFP) and the Frailty Index (FI) represent commonly known
as operational definitions of frailty in older adults [3,4]. The physical phenotypic approach, the FFP
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was defined as the presence of three or more of five physical characteristics: weakness, slowness,
weight loss, exhaustion, and low physical activity [1]. Moreover, the FFP was originally constructed
from an epidemiological study and has drawn the highest degree of attention of researchers. It has
predicted adverse clinical outcomes like mortality. Conversely, many clinical studies have adopted the
FI for frailty assessment. The FI, is a comprehensive geriatric assessment composed of a long checklist
of clinical conditions and diseases that constitutes the deficit accumulation approach. The FI was
composed of psychological, mental, and social as well as physical functions and was expressed as a
ratio [4]. In recent studies, FFP has been the most widely used definition of frailty in recent studies [5].

There is a rapid increase in the number of older adults aged >65 years globally [6]. According to
Statistics Korea, the prevalence of older adults aged >65 years in Korea was 14.3% in 2018 and is
expected to double by 2028 [7]. Recently, the Korean Longitudinal Study on Health and Aging Study
performed in hospital-based populations residing in the city of Seongnam in Korea reported that
the prevalence of frailty and prefrailty was 13.2% and 59.4%, respectively [8]. The aging study of
the Pyeongchang Rural Area in older adults of Pyeongchang reported the prevalence of frailty and
prefrailty as 17.4% and 52.6%, respectively [9]. They identified instrumental activities of daily living
(IADL) and activities of daily living (ADL) disability, depression symptoms, dysmobility, malnutrition,
incontinence, and medical aid as risk factors for frailty. However, these studies were restricted to a
selected residential area in Korea and do not represent community-dwelling older adults.

Frailty is a dynamic reversible state, and identification of the risk factors of frailty will enable
prevention and management. Previous studies have identified risk factors for physical frailty,
focusing on sociodemographic factors such as age, gender, marital status, education level, and physical
factors such as body composition and physical function [10-12]. However, more recent studies have
identified a wider range of risk and protective factors, including biological, lifestyle, and psychological
factors [13]. As risk factors of physical frailty have been identified in multiple domains, it is necessary
to comprehensively identify the influential risk factors to prioritize targets.

This study aimed to investigate the age-, sex-, and residence-adjusted prevalence and characteristics
of physical frailty in the Korean Frailty and Aging Cohort Study (KFACS). We also identified risk
factors with a significant association with physical frailty using multidimensional domains in Korean
community-dwelling older adults.

2. Materials and Methods

2.1. Study Population

The KFACS is a nationwide, longitudinal study, with the baseline survey conducted in
20162017 [14]. The KFACS recruited participants using quota sampling methods stratified by sex
(male and female in a ratio of 1:1) and age (70-74, 75-79, and 80-84 years in a ratio of 6:5:4, respectively).
The participants were recruited from among community-dwelling residents in urban and rural areas
in 10 study centers covering different residential locations (urban, suburban, and rural): three from
the Seoul Metropolitan Area, two from Gyeonggi Province, and one from each of Gangwon Province,
Chungcheongbuk Province, Jeolla-nam Province, Gyeongsang-nam Province, and Jeju Island in South
Korea. Of the 3014 participants who were enrolled at 10 centers at baseline, 2907 participants completed
the assessment of 5 components of FFP and were selected for the final analysis, after excluding 109 with
missing frailty assessment components. The KFACS protocol was approved by the Clinical Research
Ethics Committee of Kyung Hee University Hospital (IRB number: 2015-12-103). All participants were
given prior explanations and signed consent forms. This study had an IRB approval from the Clinical
Research Ethics Committee of Kyung Hee University Hospital (IRB number: 2020-06-062).

2.2. Frailty Assessment

Physical frailty was defined using FFP based on weight loss, weakness, slowness, exhaustion,
and low physical activity with modified cutoff points [1,14]. Weight loss was defined as a “yes” response
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to the question “In the last year, have you unintentionally lost more than 4.5 kg?”. Handgrip strength
was measured twice for both hands using a hand dynamometer (Takei TKK 5401; Takei Scientific
Instruments, Tokyo, Japan). Weakness was defined as a handgrip strength in the lower 20%, adjusted for
sex and body mass index (BMI) quartiles based on the KFACS baseline survey. The 4 m usual gait speed
was measured using an automatic timer (Gaitspeedometer; Dyphi, Daejeon, Korea), with acceleration
and deceleration phases of 1.5 m. Slowness was defined as the lowest 20% of gait speed on the basis
of the 4 m usual gait speed stratified by sex and height based on the KFACS population distribution.
Exhaustion was defined as a “yes” response to either of “I felt that everything I did was an effort”
and “I could not get going” on 3 or more days per week from the Center for Epidemiological
Studies-Depression scale. Energy expenditure estimates (kcal/week) for physical activity levels were
calculated using the International Physical Activity Questionnaire. Low physical activity was defined
as the lowest 20% of sex-specific total energy consumed in a population-based Korean survey of
older adults from among the general population (Table S1). Physical frailty scores ranged from 0 to 5.
Participants with scores >3, 1-2, and 0 were classified as frail, prefrail, and robust, respectively.

2.3. Measurements

We obtained information on sociodemographic (age, sex, education level, living status,
marital status, residential area, social security benefits, and occupation), lifestyle (smoking status,
alcohol consumption, and sleep habits), self-perceived health status, history of falls and hospitalization
in the past year, current use of prescription medications, oral health, and self-reported history of
medical conditions based on Charlson’s classification [15].

Underweight was defined as a body mass index (BMI) <18.5 kg/m?. Appendicular skeletal muscle
(ASM) was measured using dual-energy X-ray absorptiometry (DXA) (Lunar, GE Healthcare, Madison,
WI, USA and Hologic DXA, Hologic Inc., Bedford MA, USA) or bioelectrical impedance analysis
(InBody 72, InBody Co., Ltd., Seoul, Korea, and X-SCAN PLUS 1II, Jawon Medical Inc., Seoul, Korea).
A low ASM mass was defined as the lowest 20% of the KFACS participants. Sarcopenia was defined
according to the consensus report of the Asian Working Group for sarcopenia based on low muscle
strength, low muscle mass, and/or low physical performance [16]. Low calf circumference was defined
as <32 cm [17]. High waist circumference was defined as >102 cm for men and >88 cm for women [18].

Severe mobility limitation was defined if the patient found it “very difficult” or “impossible”
to either walk about 400 m or climb 10 steps without resting [19]. ADL disability was defined as
answering at least one dependency in 7 domains (bathing, continence, dressing, eating, transfer,
and washing face and hands). Disability of IADL was defined as answering two or more dependencies
in 10 domains (food preparation, household chores, going out for a short distance, grooming, handling
finances, laundry, taking personal medication, shopping, using public transportation, and using the
telephone) [20]. The Timed Up and Go (TUG) test measured the participants standing up from an
armchair of standard height, walking 3 m at their own comfortable and safe gait pace, turn at a marker,
return to the chair, and sit down. The TUG time was defined as the time from standing up to sitting
down [21]. The Short Physical Performance Battery (SPPB) consists of three standing balance measures
(tandem, semitandem, and side-by-side stands), five repeated chair rise tests, and usual gait speed.
Each test is scored from 0 to 4 scores, with a total of 12 scores [22]. Nutritional status was assessed
using the Korean version of the Mini-Nutritional Assessment Short Form (MNA-SF) [23]. The risk of
malnutrition was defined as an MNA-SF score of <11 [24].

Comorbidity was defined as >2 of the following chronic diseases: hypertension, diabetes,
myocardial infarction, peripheral vascular disease, angina, cerebrovascular disease, congestive heart
failure, dyslipidemia, rheumatoid arthritis, osteoarthritis, osteoporosis, asthma, or chronic obstructive
pulmonary disease [15]. Polypharmacy was defined as taking >5 medications [25]. Hearing impairment
was defined as the minimum pure-tone average value of >40 dB [26]. Visual impairment was defined
as a maximum visual acuity of <0.3 [27]. Blood samples were tested at 8 am after fasting for 8 h.
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A participant was determined to be depressed if she/he had a score of >6 on the Korean version
of the Short Form Geriatric Depression Scale (SGDS-K) [28]. Global cognitive dysfunction was
diagnosed if the Korean version of the Mini-Mental State Examination (MMSE-KC) score was <24 [29].
Cognitive impairment was defined as a score of 1.5 standard deviations below the score of the age,
sex, and education-matched controls on the cognitive function tests: processing speed (trail making
test A), executive function (Frontal Assessment Battery), verbal episodic memory (word list recall test),
and working memory (digit span backward) [30]. Quality of life was determined using the EuroQol
5-dimension scale (EQ-5D) [31], EuroQol Visual Analog Scale (EQ-VAS) [32], and 12-items Short Form
Health Survey (SF-12) [33]. The SF-12 was used to measure physical and mental health summary [34].

Poor social capital was defined as a lack of participation in social gatherings. Social support was
assessed using the Enhancing Recovery in Coronary Artery Disease Social Support Instrument [35,36].
The social network was assessed using the Practitioner Assessment of Network Type Instrument [37].
Interaction with family, friends, and neighbors was dichotomized as high (every day, 2-3/week,
or >1/week) and low (<1/month).

2.4. Statistical Analysis

We developed age-, sex-, and residence-standardized prevalence. The KFACS population is of
nation-wide community-dwelling older adults, but quota sampling stratified by age and sex can limit
the generalization of the prevalence rate. To ensure generalization, we performed poststratification
adjustment using general population distribution data from the Korean Population and Housing
Census conducted by Statistics Korea in 2017. We computed the poststratification adjustments by
calibrating the distribution of age (3 groups: 70-74, 75-79, and 80-84 years), sex (2 groups: male
and female), and residence (2 groups: urban and rural) in the general population. We calculated
mean with standard errors (SE) for continuous variables and frequencies with percentage and 95%
confidence intervals (Cls) for categorical variables to investigate the prevalence and characteristics
of frailty. We used analysis of variance tests for continuous variables and the chi-square test for
categorical variables.

In the unweighted sample, we performed multiple forward stepwise logistic regression analyses
to identify the most influential risk factors for frailty. First, we identified the risk factors in each of
the 9 domains (sociodemographic, physical, physical function, lifestyle, biological, health condition,
medical condition, psychological, and social domain). Then, we identified the risk factors with the
strongest association with frailty using the variables selected in the 9 domains. Statistical analyses were
performed using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA). Statistical significance was determined using a two-sided p-value of <0.05.

3. Results

3.1. Sociodemographic Characteristics of the Study Population

The sociodemographic characteristics of the unstandardized and standardized samples are shown
in Table 1. The mean age was 75.8 years, and the majority of the participants were aged 70-74 years
in both the unweighted (39.7%) and weighted (41.8%) sample populations. There was a significant
difference in the regional proportions between men and women in the unweighted sample (p = 0.035),
but not in the weighted sample (p = 0.72).

3.2. Prevalence of Frailty

In the standardized sample, the prevalence of frailty and prefrailty was 7.9% (95% CI 6.8-8.9%)
and 45.2% (95% CI 45.1-48.8%), respectively. Among the individual frailty components, the prevalence
was highest for exhaustion (32.5%), followed by slowness (20.1%) and weakness (19.7%). There was a
higher prevalence of exhaustion (40.8% vs. 21.0%) and weakness (21.0% vs. 18.0%) among women
compared to men, respectively. However, there was no significant difference in low physical activity,
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slowness, and unintentional weight loss between women and men. Overall, 54.8% of the participants
had >1 frailty component (Table 2). The prevalence of frailty increased significantly in the 80-84 years
compared to 70-74 years (16.1% vs. 2.7%) (Figure 1). The prevalence of frailty was significantly higher
in women than in men in the unstandardized (8.5% and 7.1%) and standardized samples (9.2% and
6.0%) (Table 2 and Table S2). The prevalence of frailty was significantly higher in rural than in cities in
the unstandardized (12.0% and 6.2%) and standardized samples (12.7% and 6.0%) (data not shown).

1.6 3.6 D
68 102 88 55 168 161
36.5
- 472 [23 403
N 49.9 459 )
< & 53.9 . Frail
% 226 Pre-frail
% 61.9 Robust
= . 55 52.8
~
492 39.9 453
309 236 26.2
Men Women Overall Men Women Overall Men Women Overall
70-74 years 75-79 years 80-84 years

Figure 1. Prevalence of frailty with age groups (standardized sample).
3.3. Characteristics of the Study Population across Frailty Status

The characteristics of frailty status in the standardized sample are presented in Table 3. There were
significant differences in the sociodemographic (p < 0.05), physical (p < 0.05), physical function
(p < 0.001), health condition (p < 0.05), and psychological (p < 0.001) domains between the three groups.
Biological domains, except serum creatinine, cortisol, vitamin B12, thyroid-stimulating hormone
(TSH), and low-density lipoprotein (LDL) cholesterol levels were significantly different among the
three groups (all, p < 0.05). The prevalence of hypertension, diabetes, incontinence, cardiovascular
disease, osteoarthritis, osteoporosis, rheumatoid arthritis, digestive system ulceration, and depressive
disorder were significantly higher in the frail group (p < 0.05). There was a significant difference in
lifestyle domain except current smoking (p = 0.238) across frailty status. Social domain, except for low
interaction with neighbors (p = 0.294) and social activities (p = 0.491) were also significantly different
across frailty status.

3.4. Risk Factors Associated with Physical Frailty

Table 4 shows the significant influential risk factors in a multivariate forward logistic
regression analysis. Risk factors for frailty were at risk of malnutrition (odds ratio (OR) 2.51;
95% confidence interval (CI) 1.57-4.03), sarcopenia (OR 2.39, 95% CI 1.61-3.56), severe mobility
limitation (OR 2.13, 95% CI 1.45-3.15), poor social capital (OR 1.99, 95% CI 1.13-3.56), rural residence
(OR 1.89, 95% CI 1.13-3.18), depressive symptoms (OR 1.89, 95% CI 1.29-2.76), poor self-perceived
health (OR 1.65, 95% CI 1.12-2.44), polypharmacy (OR 1.61, 95% CI 1.13-2.30), elevated high-sensitivity
C-reactive protein (hs-CRP) (OR 1.29, 95% CI 1.07-1.55), elevated glycated hemoglobin (HbAlc)
(OR 1.28, 95% CI 1.04-1.56), longer TUG time (OR 1.27, 95% CI 1.17-1.37), and increasing age (OR 1.08,
95% CI 1.03-1.14). High 25-hydroxy vitamin D (OR 0.98, 95% CI 0.96-1.00) and high SPPB scores
(OR 0.87, 95% CI10.76-0.98) were preventable factors. Based on these results, the frequency and
percentage of risk factors among frail individuals (n = 214) are shown in Figure 2. For analyses,
the significant influential risk factors of frailty presented in Table 4 were classified as physiconutritional,
psychological, sociodemographic, and medical domains. About a third (27.1%) of the frail participants
had all four risk domains. Overlapping physiconutritional, psychological, and medical risk domains
were found in 46.6% of the participants. The prevalence of risk domains in frail participants was as
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follows: physiconutritional (90.7%), medical (82.2%), psychological (78.0%), and sociodemographic
(44.9%) (all, p < 0.001) (Figure S1).

C

no 1
(0.5%)

A+B+C+D
n=>58
(27.1%)

A: Physico-nutritional
B: Psychological

C: Sociodemographic
D: Medical

n=3

9.8%
(1L4%) (9.8%)

Figure 2. Venn diagram displaying the extent of overlap of risk domains in the frail group
(unstandardized sample). A total of 214 adults aged 70-84 years were frail. The physiconutritional
domain was defined as having >1 risk of malnutrition, sarcopenia, severe mobility limitation,
longer Timed Up and Go (>12 s), and low Short Physical Performance Battery (<9 scores).
The psychological domain was defined as having >1 depressive symptom and poor self-perceived
health. The sociodemographic domain was defined as having >1 of rural residence and poor social
capital. The medical domain was defined as having >1 of polypharmacy, elevated hs-CRP (>3 mg/L),
elevated HbAlc (>6.5%), and low 25-hydroxyvitamin D (<20 ng/mL).
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4. Discussion

Our study was designed to estimate the standardized prevalence of physical frailty using the
national standard population composition ratio and to explore comprehensive risk factors for physical
frailty among older adults in Korea. Our study showed that the age-, sex-, and residence-standardized
prevalence of physical frailty among older adults aged 70-84 years in Korea is 7.9%, increases with age,
and is higher among women and those living in rural areas. Furthermore, our study indicates that
physiconutritional, medical, psychological, and sociodemographic risk domains were most relevant to
physical frailty.

Our study used the FFP to define physical frailty that has been used in many countries and found to
predict adverse health outcomes among the older population. In a systematic review, the prevalence of
frailty using the FFP varied from 4.0% to 17.0% in community-dwelling older adults aged >65 years [3].
The prevalence of physical frailty among Korean community-dwelling adults is comparatively lower
than the pooled prevalence of 9.9% (95% CI 9.6-10.2%) in 15 studies [3]. Several studies have estimated
the prevalence of frailty using the population structure ratio. Recent epidemiological studies report that
the weighted prevalence of frailty using the FFP in community-dwelling older adults varies from 5.2%
to 15.2% in Asian countries [11,38,39]. The weighted prevalence of frailty among older adults aged >60
years in Singapore was 5.7% (95% CI 4.6-7.1%) and increased significantly with age, with no difference
among men and women [11]. In a longitudinal cohort study of a nationally representative sample
of community-dwelling adults from 28 provinces in China, the weighted prevalence of frailty was
7.0% and was higher among women than among men (8.0% vs. 5.9%) [39]. This study also observed
geographic heterogeneity and urban—rural differences in the prevalence of frailty. In Sri Lankan rural
areas, the weighted prevalence of frailty was 15.2% in community-dwelling adults aged >60 years,
which was higher than that in high- and upper-middle-income countries [38]. The differences in
prevalence across countries could be due to the modified components used to define frailty in different
studies. The wide variation in the prevalence of frailty has been attributed to the characteristics of a
population such as environment, ethnicity, and social culture.

The KFACS recruited participants using quota sampling stratified by age and sex in 10 study
centers. To avoid biased results caused by the disproportionate sampling design, adjustment was
performed by adjusting for age, sex, and residential areas using the Korean Population and Housing
Census conducted by Statistics Korea in 2017. Our study recruited men and women in a 1:1 ratio,
with 47.6% men and 52.4% women. However, the proportion of women increased to 57.8% in
the standardized sample. These results were consistent with those of previous studies in which
the proportion of women increased after age- and sex adjustment [38]. Furthermore, the regional
distribution of the overall sample is similar in unstandardized and standardized samples. However,
the distribution of residence between men and women was significantly different in the unstandardized
sample, but not in the standardized sample. Since the participants were recruited without considering
the sex ratio of the residential areas, there may be differences in the residential distribution by sex
between unstandardized and standardized samples. The prevalence of physical frailty in the overall
samples, in urban and rural areas, was similar regardless of standardization. However, age-, sex-,
and residence-adjusted prevalence of frailty was estimated to be lower in men and higher in women
than in the unstandardized sample. Similarly, the prevalence of frailty differed after weighting in the
community-dwelling aged >55 years in Beijing, China [40]. The overall weighted and unweighted
prevalence of frailty was estimated to be 9.1% and 12.3%, respectively. Additionally, the prevalence of
frailty according to sex and residential area was estimated to be lower after sex and age adjustment.

In this nationwide community-dwelling population of Korean older adults, we found that 7.9%
of Korean adults aged 70-84 years were frail. A similar prevalence (7.8%) was reported in Korean
community-dwelling older adults aged 65 years and older using the data from the Living Profiles of
Older People Survey based on home visits in 2008 [41]. In contrast, the prevalence in our study was
lower than that reported in a previous Korean hospital-based study [8]. This could be because our
study population (70-84 years) was younger than that in the previous study population involving
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oldest-old (=85 years). Moreover, the KFACS participants were ambulatory community-dwelling
older adults who may be less frail compared to hospital-based participants. Our study showed
that the standardized prevalence of frailty in rural areas was 12.7%, which was lower than that in
the Pyeongchang rural area in Korea (12.7% vs. 17.4%). However, the prevalence of prefrailty was
similar (52.0% vs. 52.6%) [9]. Both studies recruited ambulatory community-dwelling older adults.
The prevalence of frailty may differ depending on the area of residence.

Physical frailty requires a comprehensive range of prevention and management [42], and it
is important to identify risk factors for physical frailty in multidimensional domains. We have
explored risk factors in a comprehensive range of multidimensional domains. Our study shows that
physiconutritional, psychological, sociodemographic, and medical domains are the strongest risk
factors for frailty among the 9 domains in older adults. In the physical frail population, participants with
all domains (27.1%) were more common than those with none (1.4%) or one (0-1.4%) of the four domains.
Our results show that participants have overlapping risk factors and need to manage modifiable
risk factors using a multidimensional approach. In the physical domain, we found a correlation
between sarcopenia and physical frailty. By definition, sarcopenia includes a low physical function,
which means that sarcopenia is an essential component of physical frailty [42]. Previous studies have
shown that physical frailty is associated with sarcopenia, and both conditions tend to overlap [43,44].
Therefore, sarcopenia should be considered in the management of physical frailty, as suggested in recent
international clinical practice guidelines [42]. In addition, our study identified a significant correlation
between physical frailty and physical function domains, including severe mobility limitation, longer
TUG times, and lower SPPB scores. We have identified the correlation between physical function and
frailty in cross-section, and physical function has been used as a simple tool for physical frailty. In a
systematic review, the TUG test was found to have a high sensitivity for identifying physical frailty [45].
SPPB scores might also be used as a screening tool to detect physical frailty and correlate with physical
frailty in community-dwelling older adults [46]. These physical functions cannot be used as a single
test to diagnose physical frailty, but can help assess physical frailty. Our finding of a strong correlation
between physical frailty and polypharmacy is consistent with previous studies [47]. In French older
adults aged >70 years, polypharmacy with 5-9 drugs (OR 1.77, 95% CI 1.20-2.61) and excessive
polypharmacy with 10 drugs or more (OR 4.47, 95% CI 2.37-8.42) were associated with physical frailty.
Frail people usually have a number of chronic conditions [1] and may be at risk of polypharmacy.
Therefore, physical frailty can be managed by reducing polypharmacy through medication management.
Our results show that malnutrition has the strongest association with frailty. This association has also
been reported in recent cross-sectional studies [48]. Malnutrition is an important pathogenic factor of
frailty [49]. International clinical practice guidelines recommend a broad nutritional assessment as
part of an appropriate approach to frailty [42,50,51]. In addition, we report a relationship between a
low concentration of 25-hydroxyvitamin D and frailty. Because vitamin D deficiency in older adults
increases the risk of adverse outcomes such as osteoporosis and low muscle strength, vitamin D might
be associated with frailty [52]. We observed a strong correlation between frailty and biological factors.
Previous studies have reported a relationship between inflammatory markers and frailty [53-55],
which is consistent with our results. Additionally, HbAlc, an indicator of diabetes diagnosis, was
associated with frailty in our study. Several studies have shown that older adults with diabetes are
more likely to be frail than those without diabetes [56,57]. In the psychological domain, physical frailty
has been correlated with depressive symptoms. In a systematic review, people with depression were at
increased odds of having physical frailty (OR 4.07, 95% CI 1.93-8.55), while frail people were also at
increased odds of having depression (OR = 2.64; 95% CI: 1.59-4.37) [58]. As the symptoms of physical
frailty and depression are common among older adults and correlated, appropriate interventions are
needed. In the social domain, we demonstrated that social capital is related to frailty. Poor social
participation can lead to social isolation and loneliness as well as frailty among older adults [59]. In a
recent systematic review, there were correlations between physical frailty and social environments
including social networks, social support, social participation, subjective neighborhood experience,
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and sociodemographic neighborhood characteristics. Among them, neighborhood dimensions and
social participation had more consistent results. Thus, the social environment should be considered in
the management of physical frailty. Our findings of a strong correlation between frailty and age and
residence are consistent with previous studies [11,60]. Systematic reviews have shown that physical
frailty is a common age-related syndrome, and most studies have been associated with increasing age
and physical frailty [61]. Therefore, we should be able to intervene and manage modifiable risk factors.
Our study has several limitations. Due to the cross-sectional design, a causal relationship between
risk factors and frailty cannot be determined. The characteristics of the oldest-old (>85 years) population
were unexplored in this study. Despite these limitations, we standardized the study population by
sex, age, and residence based on the Korean Population and Housing Census conducted by Statistics
Korea in 2017. Furthermore, we examined a comprehensive range of risk factors for frailty status in a
homogeneous population. We determined the strongest risk factors associated with frailty.

5. Conclusions

The standardized prevalence of physical frailty increases with age and is higher among women
and in rural areas. Furthermore, our study showed that multiple domains, such as physiconutritional,
psychological, sociodemographic, and medical domains, are strongly associated with physical frailty.
Management of modifiable risk factors might help in multidimensional prevention and intervention to
reduce physical frailty among the older population in Korea.
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Abstract: Purpose: To identify the interrelations among determinants of multidimensional frailty,
physical frailty, and their individual components. Methods: A group of 1024 community-dwelling
people older than 65 years completed questionnaires regarding: multidimensional frailty (Tilburg
Frailty Indicator, TFI) and physical frailty (FRAIL scale), and common frailty risk factors.
Results: Multidimensional frailty was recognized in 559 subjects (54.6%) and determined by 13 factors
(R? = 0.21 in logistic regression). After incorporating TFI components to the models, the majority
of previous risk factors became non-essential, and the frailty deficits mainly determined each other
with R? ranging between 0.07-0.67. Physical frailty and non-robust status (i.e., either physical frailty
or pre-frailty) were recognized in 64 (6.3%) and 542 (52.9%) participants, and were determined by
5 factors (R? = 0.33) and 11 factors (R? = 0.34), respectively. Associations between the frailty deficits
were detected within and between different dimensions (i.e., physical, psychological and social);
the physical domain was mainly related to the psychological one which in turn was additionally
associated with the social one. Conclusion: Frailty is the accumulation of deficits and is determined by
factors other than the determinants of the individual deficits. The associations between deficits coming
from various dimensions of human functioning presumably amplify their effects and accelerate
frailty development.

Keywords: frailty; non-robust; FRAIL scale; Tilburg Frailty Indicator; determinants

1. Introduction

Frailty is a pre-clinical condition that is associated with a decline in physiological reserves
among the elderly people and it predisposes them to various adverse outcomes including functional
deterioration, disability and death [1-3]. Frailty is usually considered as a set of physical impairments,
such as sarcopenia, weight loss, poor mobility and fatigue; but in fact, frailty is an accumulation of
deficits in different dimensions of human functioning, i.e., physical, psychological and social ones;
and for its diagnosis, a certain number of such deficits must be identified [3-5]. Many risk factors for
frailty development have been determined; yet, frailty as an accumulation of impairments combines
conditions which certainly constitute risk factors for each other and their interplay most likely amplify
their effects. Moreover, since frailty is a multidimensional entity, the interaction between impairments
in various dimensions presumably accelerates the overall functional degradation associated with
aging [6,7].

To recognize physical and multidimensional frailty, respective diagnostic tools must be employed
which should allow a quick detection of frailty symptoms and an early identification of subjects at risk.
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In terms of physical frailty, a questionnaire named the FRAIL scale appears to be a simple and sensitive
measure for selecting people with physical impairments [8,9]; but in terms of multidimensional frailty,
the Tilburg Frailty Indicator (TFI) is gaining popularity as an effective questionnaire for an early
diagnosis of deficits in multiple dimensions [5]. Combination of unidimensional (i.e., physical) and
multidimensional frailty diagnostic tools may yield more information about the character of functional
disturbances associated with age than either of these tools employed exclusively. Indeed, it has been
recently shown that a simultaneous employment of TFI and the FRAIL scale, may identify subgroups
of the elderly people that present different functional profiles—i.e., those presenting predominantly
social and psychological frailty or those with mainly physical deficits [7]. Such subgroups potentially
require different management and, therefore, the approach to frail people should be individualized
according to their functional state. However, for the individualized frailty prevention and treatment,
determinants of frailty itself along with determinants of the individual frailty deficits should be
recognized in order to design the appropriate strategy in a given deficits” constellation. Moreover,
particular attention should be paid to the interactions between frailty components originating from
various domains, e.g., physical and psychological frailty deficits probably constitute a vicious cycle in
which one feeds the development of the other [1,7]. An early recognition of subjects at risk is paramount
to employing an effective preventative strategy against frailty; and, therefore, frailty screening and
seeking its determinants should be focused on a general (not institutionalized) elderly population [7].
In this study, a large group of community-dwelling elderly people was investigated for the presence
of frailty, its risk factors and the relationships between various deficits associated with aging. The
primary goal of the study was to identify independent determinants of multidimensional and physical
frailty, as well as, each of the frailty components in two diagnostic frailty tools, i.e., TFI (dedicated to
multidimensional frailty) and the FRAIL scale (devoted to physical frailty) [5,8,9]. The secondary goal
was to investigate the association and interaction between deficits in different frailty dimensions.

2. Materials and Methods

2.1. Participants

Community-dwelling people at the age of 65 years or older living in Opole District (southwest
Poland) took part in this cross-sectional study. The participants were recruited during healthy lifestyle
promotion meetings arranged by local community-based senior organizations between December 2017
and December 2018—in total, there were 30 meetings during this period, and they gathered around
50 participants on average. These meetings were devoted to all elderly people living in a region (not only
to the organizations’ members) and they were advertised by suitable posters. There were no specific
exclusion criteria except the age below 65 years and a lack of consent to take part in the study—due to
these reasons, about one third of the meetings” attendees were not eligible for this research. Since the
study was conducted among people coming to the meetings, all participants were moving around
by themselves and they were not dependent on other people, and therefore represented an active
part of the elderly population. The subjects completed by themselves questionnaires concerning
multidimensional and physical frailty, as well as risk factors related to frailty (selected on the basis
of previous research on frailty) [5,8-10]. The questionnaires were anonymous and included a short
description of the study rationale. The research protocol was approved by the Ethics Committee at the
Poznan University of Medical Sciences and all participants gave their informed consent. More details
on the activities of community-based senior organizations in Poland may be found elsewhere [11].

2.2. Frailty Instruments

Multidimensional frailty has been investigated by using part B of the TFI which consists of
15 frailty deficits arranged according to three different domains. The physical domain (0-8 points)
contains eight items: poor physical health, unintentional weight loss, difficulty in walking, difficulty
in maintaining balance, poor hearing, poor vision, lack of strength in hands, and physical tiredness.
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The psychological domain (0—4 points) consists of four components: problems with memory, feeling
down, feeling nervous or anxious, and inability to cope with problems. The social domain (0-3 points)
comprises three elements: living alone, missing other people, and lack of support from other people.
The TFI total score may range from 0 to 15; by definition, frailty is recognized if the TFI score is at least
5 [5]. Part A of TFI contains risk factors leading to frailty which have been selected in the previous
research on frailty, and this includes age, gender, education level, economic status, lifestyle, marital
status, experiences with different unfavorable events in the recent period, and satisfaction with living
conditions [5,10,12,13].

Physical frailty has been ascertained with the FRAIL scale which contains 5 components: physical
tiredness/fatigue, inability to walk up one flight of stairs, inability to walk 200 m, unexplained body
mass loss, and a number of chronic diseases [8,9]. Unexplained body mass loss is scored 1 if respondents
communicate their weight loss of 6 kg or more during the last six months, or 3 kg or more during
the last month. The presence of 5 or more chronic illnesses yields score 1, otherwise it is scored 0.
FRAIL scale scores range from 0-5 and may reflect frail (3-5), prefrail (1-2), and robust (0) status [8,9].

The participants were also asked about a place of living (village or city), former occupation
(physical or intellectual one) and if they are members of community-based senior organizations.

2.3. Statistical Analysis

The continuous variables were presented as mean + standard deviation (SD). Categorical
variables were presented as numeric values and percentages. Relationship between two variables was
investigated with Pearson correlation. Independent determinants for different types of frailty and
their components were identified with logistic regression through multiple testing—for each model,
a determination coefficient was calculated which expressed the proportion of variance in the dependent
variable explained by independent variables. Variables with p > 0.1 in adjusted analyses were not
retained in the final model. To validate the models and exclude bias, a bootstrapping technique with
2000 samples was employed. In addition, the analyses (employing logistic regression) were performed
to investigate the interaction between TFI components in determining another TFI component or FRAIL
scale component. The associations between different frailty dimensions and their determinants were
explored with multiple linear regression analysis—their interaction was checked with a calculation
of centered product terms. Each model was validated in the bootstrapping analysis. The threshold
probability of p < 0.05 was taken as the level of statistical significance. All analyses were performed
using NCSS 12 Statistical Software (2018), NCSS, LLC, Kaysville, Utah, USA, and the Statistical Package
for Social Sciences (SPSS, v. 22.0, IBM SPSS xStatistics, IBM Corporation, Chicago, IL, USA).

3. Results

3.1. Frailty Prevalence

Of the approximately 1500 attendees of the meetings arranged by senior organizations,
1024 community-dwelling individuals over the age of 65 years (72.6 + 6.3 years; range 65-93 years;
270 males) took part in this cross-sectional study. The baseline participants’ characteristics are presented
in Table 1. The multidimensional frailty was diagnosed in 559 subjects (54.6%), whereas physical frailty,
pre-frailty and non-robust status (i.e., either physical frailty or pre-frailty) were recognized in 64 (6.3%),
478 (46.7%) and 542 (52.9%) participants, respectively.
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Table 1. Study group characteristics.

Characteristic Overall Group

Age (years) 726 £6.3
Male sex 270 (26.4)
Primary school education level 258 (25.2)
High school education level 464 (45.3)
University education level 302 (29.5)
Low economic status 152 (14.8)
Moderate economic status 835 (81.5)
High economic status 37 (3.6)

Unbhealthy lifestyle 54 (5.3)

Partially healthy lifestyle 532 (52.0)
Healthy lifestyle 438 (42.8)
Participation in a senior organization 460 (44.9)
Living in a city 746 (72.9)
Living in a relationship 529 (51.7)
Former intellectual occupation 646 (63.1)
Death of a loved person in the recent time 389 (38.0)
Serious illness in the recent time 229 (22.4)
Serious illness of a loved person in the recent time 245 (23.9)
End of an important relationship in the recent time 70 (6.8)

Traffic accident in the recent time 59 (5.8)

Criminal event in the recent time 23(2.2)

Satisfaction with living conditions 903 (88.2)
Number of chronic diseases * 19+1.6
Inability to walk up one flight of stairs * 87 (8.5)

Inability to walk 200 m * 101 (9.9)

Physical Domain of Tilburg Frailty Indicator (TFI)

1. Poor physical health

331 (32.3)
2. Unexplained body mass loss *
133 (13.0)
3. Difficulty in walking
371 (36.2)
4. Difficulty in maintaining balance
261 (25.5)
5. Poor hearing
- 358 (35.0)
6. Poor vision
414 (40.4)
7. Lack of strength in hands
1 . 283 (27.6)
8. Physical tiredness/fatigue *
465 (45.4)
Psychological Domain of TFI
9. Problems with memory 138 (13.5)
10.Feeling down
671 (65.5)
11.Feeling nervous or anxious
675 (65.9)
12.Inability to cope with problems
188 (18.4)
Social Domain of TFI
13.Living alone 384 (37.5)
14.Missing other people
15.Lack fg Ii f . th 1 662660
.Lack of support from other people Les (18 1
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Table 1. Cont.

Characteristic Overall Group

Sum of physical deficits (components: 1-8) 26+21
Sum of psychological deficits (components: 9-12) l6+1.1
Sum of social deficits (components: 13-15) 1.2+09
Total score of TFI (all components) 54+31
Multidimensional frailty according to TFI 559 (54.6)
Total score for physical frailty according to FRAIL scale 0.8+0.9
Physical frailty according to the FRAIL scale 64 (6.3)

Physical pre-frailty according to the FRAIL scale 478 (46.7)
Non-robust status according to the FRAIL scale 542 (52.9)

Notes: Values are mean + SD or n (%). * Denotes components of the FRAIL scale.

3.2. Frailty Determinants

Numerous risk factors were independently associated with different types of frailty (Table 2),
i.e., the multidimensional frailty was determined by 13 variables that explained 21% of the variance;
whereas physical frailty and non-robust status were associated with 5 variables (explaining 33% of the
variance) and 11 variables (explaining 34% of the variance), respectively. Age significantly increased
the risk of multidimensional frailty akin to serious illness, the end of an important relationship,
chronic diseases, and an inability to walk up one flight of stairs. However, male sex, a high school
or university education level, a healthy lifestyle, participation in senior groups, living in a city or
in a relationship as well as satisfaction with living conditions, they all reduced the likelihood of
multidimensional frailty.

The risk of physical frailty was elevated by poor physical health, difficulty in walking or
maintaining balance, and a lack of strength in hands. Of note, missing other people decreased the risk
of being physically frail. The non-robust status was determined by more factors, i.e.,: serious illness,
poor physical health, difficulty in walking or maintaining balance, poor vision, a lack of strength in
hands, and feeling down increased the risk of being non-robust; whereas, a partially healthy or healthy
lifestyle, participation in senior organizations, and serious illness of a loved person in the recent time
independently diminished the risk.

The logistic regression analysis was performed to identify independent factors associated with
each individual component of TFI and the FRAIL scale—the results are exhibited in Table 3.
After incorporating TFI components to the models, majority of the previous risk factors of
multidimensional frailty (Table 2) became non-essential, moreover, the TFI components appeared
to be significantly related to each other. The regression models in Table 3 explain 7% to 67% (on
average, 38%) of the variance of TFI deficits. In the validation bootstrapping analysis, all models in
Tables 2 and 3 appeared to be valid, and in general, only few variables (i.e., 5 out of 196) presented
discordant significance compared to the primary models (Table 3). On average, each TFI element was
independently associated with 4.9 different TFI elements and 3 other risk factors (Table 3). Specifically,
physical tiredness, and living alone were related to 7 other TFI components; whereas, a lack of strength
in hands, feeling down, and feeling nervous or anxious were associated with 6 different TFI items;
difficulty in maintaining balance, poor vision, problems with memory, an inability to cope with
problems, missing other people, and a lack of support from other people were related to 5 various TFI
components—other components were associated with no more than 4 TFI items.

Regarding the FRAIL scale, after incorporating their components to the models, the variance of the
particular scale components could be explained in 7% to 51% (on average, 33%), and they (in majority)
revealed the association with one of the other FRAIL scale components (Table 3). In addition, some of
them were related to feeling down and missing other people (Table 3), and there was a significant
interaction between poor vision and feeling down in determining the non-robust status (Table 2).
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3.3. Relationships between Frailty Dimensions

The associations between the TFI elements were detected not only within a given dimension
(i.e., physical dimension, item 1-8; psychological dimension, item 9-12; and social dimension, item
13-15), but also between different dimensions. The scores for each dimension (i.e., the sums of
corresponding deficits) significantly correlated with each other, i.e., the physical domain correlated
with psychological and social ones (r = 0.43 and r = 0.15, respectively, p < 0.0001 for both), and the
psychological domain correlated with social one (r = 0.27, p < 0.0001). However, in the multiple
regression analysis, the physical domain was determined by the psychological domain only; the
psychological domain was independently associated with both the physical and social ones; but the
social domain was exclusively determined by the psychological one (Table 4). In the interaction analysis,
there was no statistically significant buffering effect between the domains (Table 4). Table 5 presents
determinants for each of the TFI domains pointing out which of the variables are independently
associated with a given domain. The data in Tables 4 and 5 reflect the associations among frailty
deficits coming from different dimensions of human functioning, and in addition some interactions
between individual deficits can be found (Table 5). Moreover, in Table 3, significant interactions are
seen between physical and psychological TFI components, within some psychological TFI components,
and between psychological and social ones.

Table 4. The association between different frailty domains according to TFI and their interactions in the
multiple regression analysis.

TFI Physical Domain
Independent Variables R? =0.19, p < 0.00001 p-Value for Interaction
B (SE) p-Value
TFI psychological domain 0.82 (0.06) <0.001 0.06
TFI social domain 0.08 (0.07) 0.26 :
TFI Psychological Domain
R? =0.22, p < 0.00001
TFI physical domain 0.2 (0.01) <0.001 0.082
TFI social domain 0.25 (0.03) <0.001 ’
TFI Social Domain
R? = 0.07, p < 0.00001
TFI physical domain 0.02 (0.01) 0.15 043
TFI psychological domain 0.2 (0.03) <0.001 :

Notes: Statistically significant coefficients and p-values are marked in bold. The validation bootstrapping analysis
confirmed the statistical significance of the models and their variables.
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4. Discussion

Multidimensional frailty has been recognized in 54.6% of the study population, whereas, physical
frailty and pre-frailty have been diagnosed in 6.3% and 46.7%, respectively. This corresponds to the
data coming from other populations and shows that the prevalence of these conditions is similar in
different regions and cultures [14-16].

Numerous elements have been identified as independent risk factors for both multidimensional
and physical frailty as well as non-robust status (i.e., either physical frailty or pre-frailty) [6,10,17,18];
however, for prevention or therapeutic intervention, such analyses may be incomplete since the
individual frailty components could not be considered in these models and the associations between
different frailty dimensions could not be discerned. In fact, frailty is an accumulation of deficits and as
such is determined by factors other than factors determining its particular components. Therefore,
for the purpose of intervention, determinants of the individual deficits should be considered along
with determinants of their accumulation; moreover, the relationships between various dimensions of
human functioning (i.e., physical, psychological and social) must be taken into account.

In line with TFI, the association among frailty deficits is especially valid between physical
and psychological domains, i.e., most of the physical deficits were independently associated with
psychological ones, and the correlation between these domains was quite high (i.e., r = 0.43). Ina
sample of more than 35,000 community-dwelling Dutch people older than 65 years, the correlation
was very similar, i.e., equal to 0.45 [17]. Moreover, in the multivariate analysis, the physical domain
of TFI was determined by only the psychological one, and there was no buffering effect of the social
domain. Conversely, the psychological domain was impacted by the physical one, and in addition by
the social one. There were also some interactions between physical and psychological TFI components
in determining various frailty deficits. These observations indicate that physical frailty is associated
with psychological frailty with a possible bidirectional causal relationship [1,19,20]. Indeed, there is a
number of data showing that a poor cognitive performance predicts physical decline, but also, physical
frailty may determine cognitive frailty which in turn may lead to dementia [21-24]. However, a precise
mechanism how physical frailty or pre-frailty can cause a cognitive decline is not fully clarified [25-27].

Regarding the social domain in TFI, it had no independent effect on the TFI physical domain in
the multivariate analysis. However, missing other people (i.e., a social component of TFI) significantly
but inversely determined an inability to walk up one flight of stairs (i.e., a physical component of
the FRAIL scale); moreover, it was also inversely associated with the prevalence of physical frailty.
Hence, a lack of other people may probably impose some activities that in turn may result in higher
physical tolerance. On the other hand, the association between social and psychological dimensions
in TFI was significant and mutual in the regression models, and all psychological TFI deficits were
determined by some social ones. Of note, living alone was inversely associated with problems with
memory, and feeling nervous or anxious. This presumably stems from the fact that lonely people have
to utilize their memory for daily needs, and they are not exposed to psychological tensions with home
dwellers. There were also certain interactions between social and psychological TFI components in
regard to some other frailty deficits.

The aforementioned inverse relationships between frailty components suggest that some deficits
may prevent other ones. Indeed, circumstances and external stimuluses may provoke kinds of activity
among the elderly subjects provided that the intensity of such factors does not cross the limits of
their capabilities [11,28]. The necessity to address daily needs and different types of issues may
access some energy layers in the elderly individuals and enable them to preserve good functioning
and independence. Such mechanisms constitute fundamentals for the concept of aging in place,
the ideology promoted worldwide by the World Health Organization (WHO) [29]. However, basic
conditions for aging in place are some levels of competence and control over one’s environment [30-32].
Therefore, to ensure the wellbeing of elderly people in their place, a holistic approach is needed where
the identification of factors predisposing them to and preventing them from different forms of frailty is
paramount. In this context, a simultaneous employment of both unidimensional (i.e., physical) and
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multidimensional frailty diagnostic tools may more precisely characterize the deficits’ structure than
any of these tools employed exclusively [7]. By uncovering the individual’s lacks and needs, one may
more effectively assist in supporting his/her functional independence in aging in place.

From the practical point of view, the most crucial frailty risk factors are those which pose a
chance of being modified by the appropriate management. Many of the common risk factors are
not modifiable (e.g., age, sex, education level); yet, the majority of multidimensional and physical
frailty components may be the subject of intervention; moreover, most of their determinants are in
fact other frailty deficits suitable for modification. Among the physical TFI and FRAIL scale deficits,
the majority reflect muscle weakness and sarcopenia which can be prevented and treated with the
suitable training programs associated with proper nutritional interventions [33,34]. Problems with
vision and hearing should be managed with appropriate glasses and hearing devices [35-37]; this is
critical because, in our data, these sensory deficits are associated with the development of deficits in
other frailty dimensions; in particular, they determine the memory problems. In fact, the physical
impairments are mutually associated with the psychological ones, and the most influential ingredient
of this relationship is ‘feeling down’. Indeed, depression is a common element in aging processes,
and thus, it must be early recognized and properly treated in order to improve people’s mood and
their motivation for an active life [38-40]. In this context, our study suggests that social deficits may
intensify psychological problems, due to their mutual association. Loneliness and lack of support from
other people are the principal reasons for low quality of life in elderly people, and they contribute to
functional deterioration and mortality [18,41-44]. Therefore, proper social programs involving families
and local communities should be arranged in order to alleviate loneliness associated with aging.

The awareness of the interplay among deficits is paramount in designing individualized
management in the elderly people. Ideally, a profile of functional abnormalities in a given subject
should be first recognized, and then, after considering the deficits’ relationships, an individualized
interventional strategy could be appropriately designed. The findings of the present study are in
line with the recent study where simultaneous employment of TFI and the FRAIL scale enabled us
to identify subgroups of elderly people presenting different functional profiles, i.e., those presenting
predominantly social and psychological frailty and those with mainly physical deficits [7]. Such different
subgroups probably require different management and, therefore, the approach to frail subjects should
be individualized according to the functional state. However, the feasibility, practicability and clinical
efficiency of such a strategy must be first prospectively tested in subjects with different degrees of
functional deterioration, before it will be recommended for a wide application.

The present study has some limitations that need to be acknowledged. The observational and
cross-sectional nature of this research does not allow cause—effect interpretations of the associations
between frailty deficits and various risk factors. Despite the internal validation with the bootstrapping
technique, the study results should be externally validated in other seniors” groups. The use of
self-reported questionnaires distributed among the elderly people attending healthy lifestyle promotion
meetings may impose some selection bias. The variance of some deficits could only be explained
in a small portion (e.g., a lack of support from other people), which means that factors other than
those considered in this study determine these deficits and, therefore, it requires further investigation.
Both TFI and the FRAIL scale have been validated in different populations and clinical circumstances,
however, their value in picturing different functional profiles of elderly people and designing the
individualized interventional strategies have never been tested. The strength of this study is the
observation that the individual frailty deficits determine each other, and the impairments in the
physical domain are mainly affected by psychological deficits which in turn are additionally impacted
by social deficits. This may shed more light for mechanisms accelerating frailty development and help
to design a more comprehensive approach to frailty [6,7,11,17,18].
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5. Conclusions

Multidimensional frailty and non-robust physical status (i.e., either physical frailty or prefrailty)
are common in community-dwelling elderly people, and numerous demographic and clinical variables
are associated with these conditions. However, frailty as an accumulation of deficits is determined
by factors other than factors determining its individual deficits, and the interplay between these
deficits presumably amplify their effects and may accelerate frailty development. In particular,
a bidirectional association exists between physical and psychological frailty dimensions; the latter is
additionally impacted by deficits in the social domain. Therefore, for preventative and therapeutic
purposes, determinants of each individual deficit should be considered along with determinants of
their accumulation; and the associations between various dimensions of human functioning should also
be taken into account. By unravelling a functional profile in a given elderly subject, an individualized
management may be designed, however, the feasibility and clinical efficacy of such an approach need
to be tested in suitable prospective studies.

Author Contributions: Conceptualization, M.S.; methodology, M.S., J.S. and K.W.-T.; investigation, M..S.; resources,
M.S. and ].S; data curation, M.S.; writing—original draft preparation, M.S. and J.S.; supervision, KW.-T.; funding
acquisition, M.S. and J.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gill, TM.; Williams, C.S.; Richardson, E.D.; Tinetti, M.E. Impairments in Physical Performance and Cognitive
Status as Predisposing Factors for Functional Dependence Among Nondisabled Older Persons. ]. Gerontol.
Ser. A Boil. Sci. Med. Sci. 1996, 51, M283-M288. [CrossRef]

2. Fried, L.P; Tangen, C.M.; Walston, J.D.; Newman, A.B.; Hirsch, C.; Gottdiener, ].S.; E Seeman, T.; Tracy, R.P;
Kop, WJ.; Burke, G.L; et al. Frailty in Older Adults: Evidence for a Phenotype. |. Gerontol. Ser. A Boil. Sci.
Med. Sci. 2001, 56, M146-M157. [CrossRef] [PubMed]

3. Walston, J.; Hadley, E.C.; Ferrucci, L.; Guralnik, ].M.; Newman, A.B.; Studenski, S.; Ershler, W.B.; Harris, T.;
Fried, L.P. Research Agenda for Frailty in Older Adults: Toward a Better Understanding of Physiology and
Etiology: Summary from the American Geriatrics Society/National Institute on Aging Research Conference
on Frailty in Older Adults. |. Am. Geriatr. Soc. 2006, 54, 991-1001. [CrossRef] [PubMed]

4. VanKan, G.A,; Rolland, Y.; Houles, M.; Gillette-Guyonnet, S.; Soto, M.; Vellas, B. The Assessment of Frailty
in Older Adults. Clin. Geriatr. Med. 2010, 26, 275-286. [CrossRef] [PubMed]

5. Gobbens, R].J.; Van Assen, M.A.L.M.; Luijkx, K.G.; Wijnen-Sponselee, M.T.; Schols, ].M.G.A. The Tilburg
Frailty Indicator: Psychometric Properties. J. Am. Med. Dir. Assoc. 2010, 11, 344-355. [CrossRef] [PubMed]

6.  Sacha, J.; Sacha, M.; Sobon, J.; Borysiuk, Z.; Feusette, P. Is It Time to Begin a Public Campaign Concerning
Frailty and Pre-frailty? A Review Article. Front. Physiol. 2017, 8, 484. [CrossRef]

7. Sacha, M.; Sacha, J.; Wieczorowska-Tobis, K. Simultaneous Employment of the FRAIL Scale and the
Tilburg Frailty Indicator May Identify Elderly People Who Require Different Interventional Strategies.
Clin. Interv. Aging 2020, 15, 683-690. [CrossRef]

8. Van Kan, G.A.; Rolland, Y.M.; Morley, ].E.; Vellas, B. Frailty: Toward a Clinical Definition. ]. Am. Med.
Dir. Assoc. 2008, 9, 71-72. [CrossRef]

9.  Morley, J.E.; Malmstrom, T.K.; Miller, D.K. A simple frailty questionnaire (FRAIL) predicts outcomes in
middle aged African Americans. |. Nutr. Health Aging 2012, 16, 601-608. [CrossRef]

10. Gobbens, R.J.].; Luijkx, K.G.; Wijnen-Sponselee, M.T.; Schols, ] M.G.A. Towards an integral conceptual model
of frailty. J. Nutr. Health Aging 2010, 14, 175-181. [CrossRef]

11.  Sacha, M.; Sacha, J.; Wieczorowska-Tobis, K. Multidimensional and Physical Frailty in Elderly People:
Participation in Senior Organizations Does Not Prevent Social Frailty and Most Prevalent Psychological
Deficits. Front. Public Health 2020, 8, 276. [CrossRef] [PubMed]

149



Int. J. Environ. Res. Public Health 2020, 17, 8656

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Uchmanowicz, I.; Jankowska-Polanska, B.; Loboz-Rudnicka, M.; Manulik, S.; Loboz-Grudzien, K.
Gobbens, R.J. Cross-cultural adaptation and reliability testing of the Tilburg Frailty Indicator for optimizing
care of Polish patients with frailty syndrome. Clin. Interv. Aging 2014, 9, 997-1001. [CrossRef] [PubMed]
Uchmanowicz, I.; Jankowska-Polariska, B.; Uchmanowicz, B.; Kowalczuk, K.; Gobbens, R.J.J. Validity and
Reliability of the Polish Version of the Tilburg Frailty Indicator (TFI). J. Frailty Aging 2016, 5, 27-32. [PubMed]
Theou, O.; Brothers, T.D.; Mitnitski, A.; Rockwood, K. Operationalization of Frailty Using Eight Commonly
Used Scales and Comparison of Their Ability to Predict All-Cause Mortality. |. Am. Geriatr. Soc. 2013,
61,1537-1551. [CrossRef] [PubMed]

Mulasso, A.; Roppolo, M.; Gobbens, R.J.; O Mosso, C.; Rabaglietti, E. A comparison between uni-
and multidimensional frailty measures: Prevalence, functional status, and relationships with disability.
Clin. Interv. Aging 2015, 10, 1669-1678. [CrossRef]

Gonzalez, E.D.D.L.; Hermosillo, H.G.; Beltran, . AM.; Chavez, JHM.; Corona, R.P; Garza, D.PS,;
Quintanilla, K.A.R. Validation of the FRAIL scale in Mexican elderly: Results from the Mexican Health and
Aging Study. Aging Clin. Exp. Res. 2015, 28, 901-908. [CrossRef]

Gobbens, R.]J.J.; Schols, ].M.; Van Assen, M.A. Exploring the efficiency of the Tilburg Frailty Indicator:
A review. Clin. Interv. Aging 2017, 12, 1739-1752. [CrossRef]

Gobbens, R.].; Van Assen, M.A. Associations between multidimensional frailty and quality of life among
Dutch older people. Arch. Gerontol. Geriatr. 2017, 73, 69-76. [CrossRef]

Buchner, D.M.; Wagner, E.H. Preventing Frail Health. Clin. Geriatr. Med. 1992, 8, 1-18. [CrossRef]
Strawbridge, W.J.; Shema, S.J.; Balfour, ].L.; Higby, H.R.; Kaplan, G.A. Antecedents of Frailty Over Three
Decades in an Older Cohort. . Gerontol. Ser. B 1998, 53, S9-S16. [CrossRef]

Solfrizzi, V.; Scafato, E.; Lozupone, M.; Seripa, D.; Giannini, M.; Sardone, R.; Bonfiglio, C.; Abbrescia, D.L;
Galluzzo, L.; Gandin, C.; et al. Additive Role of a Potentially Reversible Cognitive Frailty Model and
Inflammatory State on the Risk of Disability: The Italian Longitudinal Study on Aging. Am. ]. Geriatr.
Psychiatry 2017, 25, 1236-1248. [CrossRef] [PubMed]

Montero-Odasso, M.M.; Barnes, B.; Speechley, M.; Hunter, S.}W.M.; Doherty, T.J.; Duque, G.; Gopaul, K,;
Sposato, L.A.; Casas-Herrero, A.; Borrie, M.]; et al. Disentangling Cognitive-Frailty: Results From the Gait
and Brain Study. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2016, 71, 1476-1482. [CrossRef] [PubMed]

Feng, L.; Nyunt, M.S.; Gao, Q.; Feng, L.; Lee, T.-S.; Tsoi, T.; Chong, M.S.; Lim, W.S.; Collinson, S.; Yap, P;
et al. Physical Frailty, Cognitive Impairment, and the Risk of Neurocognitive Disorder in the Singapore
Longitudinal Ageing Studies. . Gerontol. Ser. A Boil. Sci. Med. Sci. 2017, 72, 369-375. [CrossRef] [PubMed]
Solfrizzi, V.; Scafato, E.; Seripa, D.; Lozupone, M.; Imbimbo, B.P.; D’Amato, A.; Tortelli, R.; Schilardi, A.;
Galluzzo, L.; Gandin, C.; et al. Reversible Cognitive Frailty, Dementia, and All-Cause Mortality. The Italian
Longitudinal Study on Aging. J. Am. Med. Dir. Assoc. 2017, 18, 89.e1-89.e8. [CrossRef] [PubMed]
Kelaiditi, E.; Cesari, M.; Canevelli, M.; Van Kan, G.A.; Ousset, P-J.; Gillette-Guyonnet, S.; Ritz, P.; Duveau, E;
Soto, M.E.; Provencher, V.; et al. Cognitive frailty: Rational and definition from an (I.A.N.A/I.A.G.G.)
International Consensus Group. J. Nutr. Health Aging 2013, 17, 726-734. [CrossRef]

Panza, F; Seripa, D.; Solfrizzi, V.; Tortelli, R.; Greco, A.; Pilotto, A.; Logroscino, G. Targeting Cognitive Frailty:
Clinical and Neurobiological Roadmap for a Single Complex Phenotype. J. Alzheimer’s Dis. 2015, 47, 793-813.
[CrossRef]

Ruan, Q.; Yu, Z.; Chen, M.; Bao, Z.; Li, J.; He, W. Cognitive frailty, a novel target for the prevention of elderly
dependency. Ageing Res. Rev. 2015, 20, 1-10. [CrossRef]

Alimujiang, A.; Wiensch, A.; Boss, J.; Fleischer, N.L.; Mondul, A.M.; McLean, K.; Mukherjee, B.; Pearce, C.L.
Association Between Life Purpose and Mortality Among US Adults Older Than 50 Years. JAMA Netw. Open
2019, 2, €194270. [CrossRef]

World health organisation (WHO). World Report on Ageing and Health; WHO: Geneva, Switzerland, 2015.
Cutchin, M. The process of mediated aging-in-place: A theoretically and empirically based model.
Soc. Sci. Med. 2003, 57, 1077-1090. [CrossRef]

Marek, K.D,; Stetzer, F.; Adams, S.J.; Popejoy, L.L.; Rantz, M. Aging in Place Versus Nursing Home Care:
Comparison of Costs to Medicare and Medicaid. Res. Gerontol. Nurs. 2012, 5, 123-129. [CrossRef]

Bacsu, J.; Jeffery, B.; Abonyi, S.; Johnson, S.; Novik, N.; Martz, D.; Oosman, S. Healthy Aging in Place:
Perceptions of Rural Older Adults. Educ. Gerontol. 2014, 40, 327-337. [CrossRef]

150



Int. J. Environ. Res. Public Health 2020, 17, 8656

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

E Bauman, A.; Merom, D.; Bull, EC.; Buchner, D.M.; Singh, M.A.F. Updating the Evidence for Physical
Activity: Summative Reviews of the Epidemiological Evidence, Prevalence, and Interventions to Promote
“Active Aging”. Gerontologist 2016, 56 (Suppl. 2), 5268-5280. [CrossRef] [PubMed]

Dent, E.; Lien, C.; Lim, W.S.; Wong, W.C.; Wong, C.H.; Shiong, L.W.; Woo, J.; Dong, B.; De La Vega, S.;
Poi, PJ.H.; et al. The Asia-Pacific Clinical Practice Guidelines for the Management of Frailty. J. Am. Med.
Dir. Assoc. 2017, 18, 564-575. [CrossRef] [PubMed]

Kamil, R.J.; Betz, J.; Powers, B.B.; Pratt, S.; Kritchevsky, S.; Ayonayon, H.N.; Harris, T.B.; Helzner, E.; Deal, ].A;
Martin, K.; et al. Association of Hearing Impairment With Incident Frailty and Falls in Older Adults.
J. Aging Health 2016, 28, 644-660. [CrossRef]

Liljas, A.E.M.; A Carvalho, L.; Papachristou, E.; De Oliveira, C.; Wannamethee, S.G.; E Ramsay, S.; Walters, K.
Self-Reported Hearing Impairment and Incident Frailty in English Community-Dwelling Older Adults:
A 4-Year Follow-Up Study. J. Am. Geriatr. Soc. 2017, 65, 958-965. [CrossRef]

Liljas, A.E.M.; A Carvalho, L.; Papachristou, E.; De Oliveira, C.; Wannamethee, S.G.; E Ramsay, S.; Walters, K.R.
Self-reported vision impairment and incident prefrailty and frailty in English community-dwelling older
adults: Findings from a 4-year follow-up study. ]. Epidemiol. Community Health 2017, 71, 1053-1058.
[CrossRef]

Alexopoulos, G.S. Depression in the elderly. Lancet 2005, 365, 1961-1970. [CrossRef]

Chu, W.; Chang, S.-F,; Ho, H.; Lin, H. The Relationship between Depression and Frailty in Community-
Dwelling Older People: A Systematic Review and Meta-Analysis of 84,351 Older Adults. J. Nurs. Sch. 2019,
51, 547-559. [CrossRef]

Krause, M.; Gutsmied], K.; Bighelli, I.; Schneider-Thoma, J.; Chaimani, A.; Leucht, S. Efficacy and tolerability
of pharmacological and non-pharmacological interventions in older patients with major depressive disorder:
A systematic review, pairwise and network meta-analysis. Eur. Neuropsychopharmacol. 2019, 29, 1003-1022.
[CrossRef]

Gabriel, Z.; Bowling, A. Quality of life from the perspectives of older people. Ageing Soc. 2004, 24, 675-691.
[CrossRef]

Puts, M.T.E,; Shekary, N.; Widdershoven, G.; Heldens, J.; Lips, P.; Deeg, D.].H. What does quality of life mean
to older frail and non-frail community-dwelling adults in the Netherlands? Qual. Life Res. 2006, 16, 263-277.
[CrossRef] [PubMed]

Luo, Y.; Hawkley, L.C.; Waite, L.J.; Cacioppo, J.T. Loneliness, health, and mortality in old age: A national
longitudinal study. Soc. Sci. Med. 2012, 74, 907-914. [CrossRef] [PubMed]

Perissinotto, C.M.; Cenzer, 1.S.; Covinsky, K.E. Loneliness in Older Persons. Arch. Intern. Med. 2012,
172,1078-1083. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

151






r 1 International Journal of =
3 Envi I R h
AR and public Hoalth ﬂ“\"\"y
Atrticle
Correlation between Sleep Quality and Frailty Status

among Middle-Aged and Older Taiwanese People:
A Community-Based, Cross-Sectional Study

An-Chen Shih !, Lee-Hwa Chen 2, Chin-Chueh Tsai ? and Jau-Yuan Chen -3:*

1 Department of Family Medicine, Chang Gung Memorial Hospital, Linkou Branch, Taoyuan 333, Taiwan;

cooker791022@gmail.com

Department of Athletic Training and Health, National Taiwan Sport University, Taoyuan 333, Taiwan;
Ihchen@ntsu.edu.tw (L.-H.C.); cctsai@ntsu.edu.tw (C.-C.T.)

Department of Medicine, College of Medicine, Chang Gung University, Taoyuan 333, Taiwan

*  Correspondence: welins@cgmh.org.tw; Tel.: +886-975362672

Received: 30 November 2020; Accepted: 15 December 2020; Published: 17 December 2020

3

Abstract: Poor sleep quality and frailty are common problems among aged people. However,
the association between sleep quality and frailty in middle-aged and older people is seldom
discussed in Asia, especially in Taiwan. This study investigated this association hopefully to
provide pertinent knowledge for the prevention of frailty. We conducted a cross-sectional study and
enrolled 828 subjects, 237 male and 591 female, aged 50-85 years old, from a community in Northern
Taiwan. Poor sleep quality was defined as the Chinese version of the Pittsburgh Sleep Quality Index
(CPSQI) > 5. Prefrailty and frailty were defined as fulfillment of one or two and three, respectively,
of five phenotypic criteria: exhaustion, weakness, slowness, weight loss, and low physical activity.
Our univariate analysis showed that the incidence of prefrailty/frailty in the group of poor sleep
quality was higher than that in the group of CPSQI <5 (p < 0.001). Further multiple logistic regression
analysis revealed that poor sleep quality was an independent factor for prefrailty and frailty status
(odds ratio = 1.95, 95% confidence interval = 1.38-2.77), after adjustment for confounding factors.
We concluded that poor sleep quality is independently associated with prefrailty and frailty status in
our study population.

Keywords: frailty; community-based; sleep quality; middle-aged and older adults

1. Introduction

Population aging, which describes a rise in life expectancy and a fall in birth rates, constitutes a
major problem worldwide, particularly in Taiwan. According to data from the National Development
Council, Taiwan became an aging society in 1993; then, it became an aged society in 2018, and it is
projected to become a superaged society in 2025 [1]. Taiwan’s population is aging at an alarming
rate, with only eight years to advance from the “aged society” stage to the “super-aged society”
stage, which is much faster than the 11 years for Japan, 14 years for the U.S., 29 years for France,
and 51 years for the UK [2]. People aged 65 years and older in Taiwan were estimated to represent 16%
of the overall population in 2020. The costs resulting from the high proportion of elderly people in
Taiwan'’s population are considered a heavy burden on the national health insurance system [3]. Thus,
population aging is a major social challenge.

Poor sleep, a common health problem, has a high incidence among elderly people [4,5]. Even in
healthy people, destruction of the sleep cycle may lead to a greater response to stress, an increase in
painful musculoskeletal sensitivity, and a decrease the quality of life. It may cause multi-comorbidities
including cardiovascular and metabolic diseases in the long term [6]. Poor sleep quality is associated
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with the risk of hypertension and adverse cardio-metabolic effects [7]. Furthermore, sleep disorders
such as obstructive sleep apnea were reported to be a major risk factor for psychiatric, cardiovascular,
metabolic, or hormonal co-morbidity and mortality [7]. Sleep problems are associated with a range of
adverse health outcomes [8], such as depression, anxiety, chronic pain, cardiovascular diseases (CVDs),
metabolic diseases, cognitive impairment, physical disability, and even mortality [7,9]. These problems
result in an economic burden exceeding $40 million annually in Taiwan [10].

Frailty is defined as an aging-related syndrome of physiological decline, which is characterized by
marked vulnerability to adverse health outcomes including loss of function, loss of physiologic reserve,
and increased vulnerability to disease and death [11]. Frailty is prevalent in elderly people and increases
the risk of falls, disability, hospitalization, and mortality. Studies in Taiwan showed the prevalence of
frailty and prefrailty were 6.8% and 40.5%, respectively [12]. Research reported that the prevalence
estimates are 31.3-45.8% for prefrailty and 10.4-37.0% for frailty among community-dwelling elderly
people [13]. In comparison, the prevalence of frailty in Taiwan was relatively lower, but the prevalence
of prefrailty was above the average. The incidence of frailty and prefrailty was estimated to be
43.4 and 150.6 new cases per 1000 person-years worldwide, respectively [14]. The incidence of
frailty was significantly higher in prefrail individuals than robust individuals [14]. Frailty among
elderly people is identified through the presence of sarcopenia, reduced activity, poor appetite,
osteoporosis, easy fatigability, frequent falls, and poor general health. Many medical conditions can
cause fatigue, including cardiopulmonary, endocrinological or metabolic, hematologic or neoplastic,
and psychological diseases as well as other reversible problems. Sleep disturbance is a problem that
causes fatigue [15].

Although the association between frailty and poor sleep quality has been reported [16,17],
two important issues may be raised. Firstly, the population of previous studies enrolled people mainly
over 65 years old with some over 60 years old. The middle-aged population was seldom discussed
about the relationship between sleep quality and frailty/prefrailty status. Recent large-scale studies
have advocated that efforts to identify, manage, and prevent frailty should include middle-aged
individuals, particularly those with multimorbidity [18]. Secondly, as mentioned above, there is a
relatively higher prevalence rate of prefrailty in Taiwan, and the incidence of frailty was significantly
higher in prefrail people. Thus, prevention from becoming frail or attaining prefrailty status is an
important issue in Taiwan. This issue also deserves attention, given the fact that sleep problems
are commonly found in middle-aged and older Taiwanese. Thus, the main aim of this study was to
investigate the association between sleep quality and the risk of frailty among community-dwelling
middle-aged and older adults Taiwanese people. Our findings hopefully may provide valuable
information for the prevention of frailty by improving sleep problems in this population.

2. Materials and Methods

2.1. Study Design and Participants

This research was a community-based and cross-sectional study, which was programmed between
April and October 2017. Initially, 1308 people were recruited. The inclusion criteria were (1) age from
50 to 85 years and (2) residence in the same district for more than half a year. The exclusion criteria
were (1) failure to complete body composition analysis; (2) inability to communicate adequately to
complete an interview; (3) functional dependency such as inability to walk 6 m; (4) recent diagnosis of
CVDs in 2 weeks; and (5) current residence in long-term care facilities. Thus, a total of 828 participants,
237 male and 591 female, were enrolled for analysis, as shown in Figure 1. The data were validated by
the Institutional Review Board, and consent was obtained from all participants before enrollment.
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Community screening in Guishan district, Taoyuan city

A 4

Sampling design (27 cluster-randomized of 32 villages)
. Aged from 50-85 years old

. Residents lived in the community for half one year and
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. Unable to contact

. Empty house

A\ 4

. Functional dependent
. Current residents in long-term care facilities

A4

Available and ambulatory subjects (1 = 1308)

Excluded: (n = 458)

. Decline to participate (1 = 440)

. Recent CVD (1 =8)

e Unable to communicate to complete an
interview(n = 10)

A 4

Interviewed ambulatory subjects (1 = 850)

Excluded: (n =22)

. Unable to complete all physical performance

A 4

examinations (1 = 8)

*  Incomplete body composition (1 = 14)

A\ 4

Subjects for final analysis (1 = 828, including 237 male and 591 female)

Figure 1. Study participant selection.
2.2. Data Collection

Data collection encompassed systolic blood pressure (SBP), diastolic blood pressure (DBP),
body mass index (BMI), waist circumference, body composition, gait speed, hand grip strength,
exercise habit, marital status, education, past history, and frailty status. Blood pressure was checked
after rest in a chair. BMI was calculated as the weight (in kg) divided by the height squared (in m?).
Waist circumference was measured midway between the lowest ribs and the iliac crest, as recommended
by the World Health Organization and International Diabetes Federation [19]. Body composition was
checked with a TANITA body composition analyzer BC-418 to establish appendicular skeletal muscle
mass (ASM) and appendicular skeletal mass index (ASMI). ASM was defined as the sum of the muscle
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mass of the four limbs, and ASMI was calculated as ASM/height? (m?), as per the European Working
Group for Sarcopenia guidelines [20]. We measured time to walk 6 m three times and calculated the
average gait speed. Grip strength in both hands was measured twice with the Takei T.K.K.5401 GRIP-D
handgrip dynamometer (Takei Scientific Instruments Co., Ltd., Tokyo, Japan), and we collected the
best measurement. Personal information was assessed with a questionnaire administered face-to-face
by a trained research assistant. Questionnaires established exercise habit, marital status, education
level, and underlying diseases. Marital status featured two groups for respondents who were currently
single (divorced, separated, widowed, or never married) and respondents who were currently in
a couple. The participants were divided into four groups according to education level: Group 1
(uneducated), Group 2 (graduated from primary school), Group 3 (graduated from secondary school),
and Group 4 (graduated from college). The underlying diseases considered were diabetes mellitus
(DM), hypertension (HTN), hyperlipidemia, and CVD.

2.3. Assessment of Sleep Quality

Sleep quality was measured with the Chinese version of the Pittsburgh Sleep Quality Index
(CPSQI). The questions of CPSQI related to habitual sleep habits during the preceding month only.
The CPSQI is a reliable and valid assessment tool for use in community-based studies on poor sleep
quality [21]. The cutoff point of the CPSQI was 5, which yielded high sensitivity for primary insomniacs
versus controls [21]. Thus, in our study, a CPSQI score > 5 indicated poor sleep quality.

2.4. Definition of Frailty

To fulfill the diagnostic criteria for frailty, three of the following five components had to be satisfied:
low grip strength, low energy, slow walking speed, low physical activity level, or unintentional
weight loss [22]. Moreover, the definition of prefrailty satisfied one or two of five phenotypic
criteria. We used two questions from the Center for Epidemiologic Studies Scale to measure low
energy [23]. For the statements, “I felt that everything I did was an effort” or “I could not get going”,
self-reported questionnaire answers were “occasionally” or answers indicating higher frequency.
Low grip strength indicated measured grip strength of <26 kg in men or <18 kg in women. The definition
of slowed walking speed was an average walking speed over six meters of <0.8 m/s. Low physical
activity indicated weekly energy expenditure of less than 383 kcal for men and 270 kcal for women based
on the Community Health Activities Model Program for Seniors Physical Activity Questionnaire [24].
Unintentional weight loss indicated body weight loss of >3 kg or >5% of the preceding year’s
body weight.

2.5. Statistical Analysis

The quantitative variables used were the mean standard deviation (SD) for continuous variables
and number (%) for categorical variables. Continuous variables with non-normal distributions
were shown as median (interquartile range) and were calculated p values by Mann-Whitney U test.
The independent two-sample ¢ test and the chi-square test were used to calculate p values for continuous
variables and categorical variables, respectively. Multiple logistic regression models were applied to
explore the relationship between sleep quality and frailty. All statistical analyses were conducted with
IBM Statistical Product and Service Solutions Statistics for Windows (version 19.0; IBM Corp., Armonk,
NY, USA). Statistical significance was considered to be a p value of <0.05, which was corrected by false
discovery rate (FDR).

3. Results

The results from 828 participants aged 50-85 years (28.62% male) were enrolled in this study.
According to general characteristics, the study population was divided into two groups, one with
CPSQI scores > 5 and one with scores < 5, as shown in Table 1. Of the 828 participants, 440 (53.14%)
with CPSQI scores > 5 had poor sleep quality. The proportions of participants with prefrailty or frailty
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status in the group with CPSQI scores < 5 and the group with CPSQI scores > 5 were 21.13% and 35.00%
(p < 0.001), respectively, suggesting that prefrailty or frailty status was more prevalent in the group with
CPSQI scores > 5 than in the group with CPSQI scores < 5. Moreover, SBP, ASMI, gait speed, and hand
grip strength were significantly lower in the group with CPSQI scores > 5. Female, people with a low
education level, and participants with HTN or hyperlipidemia had the higher proportion in the group
with CPSQI scores >5. However, no significant difference was noted between two groups in age, BMI,
waist circumference, exercise habit, marital status, or underlying DM or CVDs.

Table 1. General characteristics of the study population according to Chinese version of the Pittsburgh
Sleep Quality Index (CPSQI) score.

CPSQI
Variables Total CPSQI <5 CPSQI > 5
(n = 828) (n = 388) (1 = 440) p Value
Age (year) T 64.00 (59.00, 70.00) 64.00 (59.00, 69.00) 65.00 (60.00, 71.00) 0.21
SBP (mmHg) 1 127.00 (116.00, 138.00)  128.00 (118.00,139.00)  125.50 (115.00, 136.75) 0.047 *
BMI (kg/m?2) 1 24.20 (22.00, 26.60) 24.35 (22.10, 26.70) 24.20 (21.93, 26.60) 0.75
WC (cm) 85.08 + 10.07 85.56 + 9.82 84.67 +10.28 0.20
ASMI (kg/m?) T 7.07 (6.55, 8.05) 7.21 (6.58, 8.25) 6.97 (6.52,7.89) 0.02*
Gait speed (m/s) 1 1.43 (1.30, 1.58) 1.46 (1.29, 1.61) 1.41 (1.26, 1.56) 0.02*
Hand grip strength (kg) 1 25.60 (21.70, 31.68) 26.50 (21.80, 33.85) 24.80 (21.43, 29.70) 0.002§
Men, 7 (%) 237 (28.62%) 126 (32.47%) 111 (25.23%) 0.02*
Exercise habit, 1 (%) 602 (72.71%) 282 (72.68%) 320 (72.73%) 0.99
Marital status (single), 1 (%) 171 (20.65%) 70 (18.04%) 101 (22.95%) 0.08
Education level 0.03 *
No, 11 (%) 65 (7.85%) 27 (6.96%) 38 (8.64%)
Primary, 1 (%) 314 (37.92%) 132 (34.02%) 182 (41.36%)
Secondary, 11 (%) 366 (44.20%) 181 (46.65%) 185 (42.05%)
College, 11 (%) 83 (10.02%) 48 (12.37%) 35 (7.95%)
DM, 1 (%) 119 (14.37%) 51 (13.14%) 68 (15.45%) 0.34
HTN, 1 (%) 265 (32.00%) 107 (27.58%) 158 (35.91%) 0.01*
Hyperlipidemia, 1 (%) 111 (13.41%) 41 (10.57%) 70 (15.91%) 0.02*
CVD, 1 (%) 63 (7.61%) 22 (5.67%) 41 (9.32%) 0.05
Frailty status <0.001 8
Non-frailty, 1 (%) 592 (71.50%) 306 (78.87%) 286 (65.00%)
Pre-frailty/frailty, 1 (%) 236 (28.50%) 82 (21.13%) 154 (35.00%)

Notes: Clinical characteristics are expressed as mean + SD values for continuous variables and 7 (%) for categorical
variables. T Continuous variables with non-normal distributions are shown as median (interquartile range).
p values were derived from the independent two-sample ¢ test and Mann-Whitney U test for continuous variables
and the chi-square test for categorical variables. * p value < 0.05; § p value < (0.05/16). Abbreviations: SBP,
systolic blood pressure; BMI, body mass index; WC, waist circumference; ASMI, appendicular skeletal muscle index;
DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease.

According to their general characteristics, members of the study population were categorized
into a nonfrailty group and prefrailty/frailty group, as shown in Table 2. Of the 828 individuals,
236 (28.5%) had prefrailty or frailty status. The proportions of participants with poor sleep quality
(CPSQI score > 5) increased with the severity of frailty (nonfrailty: prefrailty/frailty, 48.31%: 65.25%,
p < 0.001), suggesting that the prefrailty/frailty group had a higher prevalence of poor sleep quality
than the nonfrailty group did. In addition, participants of the prefrailty and frailty group were older.
Participants with DM or CVD had the higher proportion in the prefrailty and frailty group. Gait speed
and hand grip strength were lower in the prefrailty and frailty group. People of the prefrailty and
frailty group had less exercise habits and lower education levels. The higher proportion of being
single was seen in the prefrailty and frailty group. No significant difference was found for SBP, BMI,
waist circumference, ASMI, sex, or underlying HTN or hyperlipidemia.

The results of multiple logistic regression analysis are shown in Table 3. Model 1 was adjusted for
age; Model 2 was adjusted for age and sex; and Model 3 was adjusted for factors in Model 2 plus ASMI,
BMI, hand grip strength, exercise habit, and gait speed. After the aforementioned confounding factors
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were adjusted for, poor sleep quality (CPSQI score > 5) continued to be independently associated with
prefrailty or frailty status (odds ratio (OR) = 1.95, 95% confidence interval (CI) = 1.38-2.77).

Table 2. General characteristics of the study population according to frailty status.

Frailty
Variables Total Non-Frailty Prefrailty/Frailty p Value
(n = 828) (n=592) (n =236)

Age (year) T 64.00 (59.00, 70.00) 64.00 (59.00, 69.00) 66.00 (60.00, 73.00) <0.001§
SBP (mmHg) T 127.00 (116.00, 138.00)  127.00 (116.00, 138.00)  125.00 (116.25, 137.75) 0.56
BMI (kg/m?) 1 24.20 (22.00, 26.60) 24.20 (22.10, 26.60) 24.30 (21.80, 26.68) 0.98
WC (cm) 85.08 + 10.07 84.72 +9.65 86.00 + 11.01 0.10
ASMI (kg/m?) 1 7.07 (6.55, 8.05) 7.06 (6.55, 8.06) 7.14 (6.56, 8.06) 0.38
Gait speed (m/s) 1 1.43 (1.30, 1.58) 1.46 (1.31,1.61) 1.34 (1.16, 1.54) <0.001§
Hand grip strength (kg) 1 25.60 (21.70, 31.68) 26.50 (23.00, 32.80) 23.00 (17.60, 29.20) <0.001 §
Men, 1 (%) 237 (28.62%) 166 (28.04%) 71 (30.08%) 0.56
Exercise habit, n (%) 602 (72.71%) 450 (76.01%) 152 (64.41%) 0.001 §
Marital status (single), n (%) 171 (20.65%) 109 (18.41%) 62 (26.27%) 0.01*
Education level 0.001 §
No, 1 (%) 65 (7.85%) 35 (5.91%) 30 (12.71%)
Primary, n (%) 314 (37.92%) 215 (36.32%) 99 (41.95%)
Secondary, 1 (%) 366 (44.20%) 276 (46.62%) 90 (38.14%)
College, 1 (%) 83 (10.02%) 66 (11.15%) 17 (7.20%)
DM, 1 (%) 119 (14.37%) 74 (12.50%) 45 (19.07%) 0.02*
HTN, 1 (%) 265 (32.00%) 181 (30.57%) 84 (35.59%) 0.16
Hyperlipidemia, n (%) 111 (13.41%) 87 (14.70%) 24 (10.17%) 0.08
CVD, n (%) 63 (7.61%) 38 (6.42%) 25 (10.59%) 0.04 *
Sleep quality <0.001 8
CPSQI £ 5, 11 (%) 388 (46.86%) 306 (51.69%) 82 (34.75%)
CPSQI > 5, 11 (%) 440 (53.14%) 286 (48.31%) 154 (65.25%)

Notes: Clinical characteristics are expressed as mean + SD values for continuous variables and as 1 (%) for categorical
variables. 1 Continuous variables with non-normal distributions are shown as median (interquartile range). p values
were derived from the independent two-sample t test and Mann-Whitney U test for continuous variables and
from the chi-square test for categorical variables. * p value < 0.05; § p value < (0.05/16). Abbreviations: SBP,
systolic blood pressure; BMI, body mass index; WC, waist circumference; ASMI, appendicular skeletal muscle index;
DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease.

Table 3. Association between sleep quality and frailty status by multiple logistic regression analysis.

Model 1 Model 2 Model 3
OR 95% CI p Value OR 95% CI p Value OR 95% CI p Value

CPSQI <5 1 - - 1 - - 1 - -
CPSQI > 5 2.00 (1.46-2.75)  <0.001 2.01 (1.46-2.76)  <0.001 1.95 (1.38-2.77)  <0.001
Notes: Model 1: Multiple logistic regression adjusted for age. Model 2: Multiple logistic regression adjusted for age

and sex. Model 3: Multiple logistic regression adjusted for factors in Model 2 plus ASMI, BMI, hand grip strength,
exercise habit, and gait speed. Abbreviations: CI: confidence interval; OR: odds ratio.

Variables

4. Discussion

The aim of our study was to investigate the association between sleep quality and the risk of frailty.
We collected the real-world data of the community in Taiwan. According to the result, poor sleep
quality is independently associated with prefrailty and frailty status among middle-aged and older
population members in Taiwan. This report is the first in Taiwan to use a cross-sectional study for
assessing the relationship between sleep quality and prefrailty or frailty status specifically among
middle-aged and older population members.

In our study, participants with lower ASMI, lower gait speed, lower hand grip strength, female,
lower education level, and underlying diseases of HTN and dyslipidemia had higher proportion in
the group with CPSQI scores > 5. According to previous studies, people with sarcopenia diagnosed
by low ASMI, slow gait speed, and low hand grip strength had poor self-reported sleep quality [25].
Sleep complaints were relatively more prevalent in women compared to men. Poor sleep quality was
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reported among women with various stages of the menopause transition and post-menopause [26].
Furthermore, education level was related to insomnia, and more years of education were associated
with better sleep quality [27]. Moreover, increasing the numbers of co-morbidities was associated with
poor sleep quality [28]. People with poor sleep quality had increased odds of prevalent HTN and were
associated with metabolic syndrome [7,29,30]. Interestingly, in our study, lower SBP was found in the
group with CPSQI scores > 5. It might be supposed that participants with HTN are under medication
control. Thus, the data of SBP we collected was relatively lower than the group with CPSQI scores < 5.
On the other hand, participants with older age, lower gait speed, lower hand grip strength, less of
an exercise habit, being single, lower education level, and underlying diseases of DM and CVD had
the higher proportion in the prefrailty and frailty group. As we know, older people, slow gait speed,
and low hand grip strength were risk factors of frailty. Increasing physical activity or regular exercise
habit were suggested to prevent for frailty. With increasing age, there is a decline in physical activity
associated with decreases in exercise tolerance [31]. Thus, less of an exercise habit might be the risk of
frailty. One systematic review and meta-analysis showed that unmarried individuals had a twice as
high frailty risk compared to married individuals. Social factors such as living alone or social isolation
were associated with frailty. The widows, the widowers, the divorced, and the separated had higher
odds of frailty risks than those who never married. Those who lost their partners might experience
lots of stress and might lose social support. In addition, it might decrease positive behaviors such
as exercise habits [32]. People with a lower education level might have less of a concept of regular
exercise and have not enough financial resources or time to do it. Thus, it might increase the risk of
frailty. Previous studies showed that muscle strength and quality would decrease in people with DM
due to insulin resistance and chronic inflammation. The dysregulation of levels of various hormones
and nutrition was described in people with insulin resistance [33]. These would be the risks of frailty.
People with CVD would decrease the physical activities, and that is why it would be associated
with frailty [34]. Although the relationship between sleep quality and frailty had been discussed,
in our study, not only the elderly but also middle-aged population was enrolled; this strength is in
good agreement with the notion that middle-aged individuals should be included for the study of
identification and prevention of frailty [18]. In addition, our community-based and real-world data
widely involved participants with various health statuses. Thus, our data are different from those
collected in hospitals, which might have selective bias because non-symptomatic people would not
be included.

In our study, poor sleep quality is independently associated with prefrailty and frailty in
the community population. In previous research, sleep disorders elevated the risk of CVDs,
metabolic diseases, neurogenic diseases, and psychological diseases [7,35]. This is one possible
mechanism through which multi-comorbidities related to sleep problems cause poor health status,
which would increase the risk of being frail. In addition, sleep disturbance influenced inflammatory
regulation and sleep loss, short sleep duration, and complaints of sleep disturbance were associated
with increases in inflammation [36]. Moreover, sleep disturbance has demonstrated some connection
with frailty in elderly people. One systematic review of six cross-sectional studies revealed an
association between sleep disturbance and frailty among elderly people [15]. One systemic review
and meta-analysis showed abnormal sleep duration to be associated with an increased risk of frailty
among elderly individuals [16]. Other research showed that oxidative stress and inflammation were
potential drivers of frailty [37]. Although the pathogenesis between sleep disturbance and frailty is
unclear, one possibility, according to the research, is that inflammatory pathways are influenced by the
sleep-wake disturbance, which affects the development of frailty.

Frailty causes poor prognosis in elderly people. Three of the five Fried frailty index indicators
(slow gait speed, low physical activity, and unintentional weight loss) were independently associated
with chronic disability, long-term nursing home stays, and death [38]. In particular, slow gait speed
was found to be a predictor of chronic disability (hazard ratio (HR) = 2.97, 95% CI = 2.32-3.80),
long-term nursing home care (HR = 3.86, 95% CI = 2.23-6.67) and injurious falls (HR = 2.19,
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95% CI = 1.33-3.60) [38]. Furthermore, prefrailty status fulfilling only one or two criteria of frailty
also increased the risk of frailty [11]. One study showed some factors including high psychological
distress, living alone, having health worries, and poor sleep quality; stair climbing, appetite, hydration;
continence, and total food intake might be the predictive capacities for prefrailty to frailty [39].
With increasing age, there is also a decline in physical activity associated with decreases in exercise
tolerance, which would lead to an increasing risk of frailty [31]. Thus, early prevention of prefrailty
and frailty status is a concern for everyone, particularly elderly people.

Frailty is defined as an age-related syndrome [11]. Aging is a major risk factor for frailty.
Women have an increased risk of sleep disturbance across their lifespans compared with men [40].
During times of hormonal changes in women, sleep regulation and arousals are affected, particularly in
the menopausal transition and in early postmenopause [40,41]. The average age of menopause in Taiwan
is 50-54 years [42]. Participants at the age of menopausal transition and early postmenopause were
both enrolled in our study. Therefore, we had to remove these confounding factors before discussing
the relationship between poor sleep quality and frailty status. After adjusting for variables with known
or suspected impacts on prefrailty and frailty status, poor sleep quality continued to be significantly
associated with prefrailty and frailty status in our study. In addition to traditional risk factors for frailty,
according to one population-based cohort study, social and behavioral factors including education
and marital status were associated with frailty [43]. Notably, this study showed that associations were
present among those with an education level lower than high school (OR = 1.57, 95% CI = 1.12-2.22)
and among those living with families (versus with spouses; OR = 1.76, 95% CI = 1.05-2.94) [43].
Similar results were observed in our study.

Our study is the first cross-sectional study to investigate the relationship between sleep quality
and frailty status in middle-aged and older Taiwanese people. However, some limitations apply. First,
the study is cross-sectional and therefore, it is unable to describe the causal relationship between sleep
quality and prefrailty or frailty status. Second, because the data collection was community-based,
the participants came only from Northern Taiwan, increasing the uncertainty of the ecological validity
of the findings and the possibility of healthy volunteer bias. Thus, the results of our study should not
be extrapolated to other regions in Taiwan. A potential healthy volunteer bias might have lowered the
prevalence of prefrailty and frailty status and decreased our capabilities to control for confounding.
Third, approximately 70% of the participants were female, and this would have caused the prevalence
of poor sleep quality to be overestimated, because sleep disturbance is more prevalent for women than
men [44]. Fourth, prefrailty and frailty status were not discussed separately in our study, and it might
be our further vision that we could investigate in the future. Fifth, the information of participants with
menopause was insufficient in our study. This could be the further vision for us to investigate in the
future. Finally, frailty risk might be increased not only by the aforementioned diseases but also by
diseases such as neurologic disorders. More participants with multiple chronic conditions should be
enrolled in further studies.

5. Conclusions

Our study suggests that poor sleep quality is independently associated with prefrailty and frailty
status among middle-aged and older adults in Taiwan. Therefore, sleep quality should be further
assessed for frailty status among middle-aged and older adults, but the effects of sleep quality on
frailty incidence require further validation in longitudinal studies.
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Abstract: Early detection of frailty may prevent or delay adverse health outcomes in community-
dwelling older adults. In Portugal, there are currently no valid multidimensional frailty screening
tools. SUNFRAIL is a user-friendly multidimensional tool for frailty screening that can be used
in primary care. Aims: (i) to determine the validity and reliability of the European Portuguese
version of the SUNFRAIL tool for use in community-dwelling older adults; (ii) to assess the screening
capacity of this version of SUNFRAIL using Fried’s phenotypic model criteria for frailty as a reference
test. Methods: Cross-sectional pilot study in a convenience sample of 128 community-dwelling
older adults. Objective and subjective data were collected. Internal consistency, concurrent validity,
sensitivity, and specificity (ROC curve analysis) were examined. Results: Internal consistency was
low. Significant moderate to strong correlations were found between different domains and the total
score. The differences between robust, pre-frail, and frail older adults were significant. SUNFRAIL
was also correlated with multimorbidity. Sensitivity and specificity were satisfactory. Conclusions:
The European Portuguese version of the SUNFRAIL tool is a promising frailty screening tool for
community-dwelling older adults to be routinely used in clinical practice. However, more consistent
results on its validity and reliability are needed to be used nationwide.

Keywords: SUNFRAIL; psychometric properties; screening tool; frailty; older adults

1. Introduction

The current COVID-19 pandemic has created new challenges for active and healthy
aging [1]. Community-dwelling older adults are now more vulnerable and exposed
to negative outcomes, and they have been forced to change their active and healthy
aging habits. Recent studies [2-4] have shown that the measures applied to contain the
coronavirus spread resulted in a relevant decrease in older adults’ physical activity, which
negatively impacted their subjective well-being.

Geriatric care clinical settings also face a marked increase in demands for effective
treatment of age-related clinical conditions, striving to provide personalized and timely
comprehensive care. These demands are challenging even in normal times due to the high
rates of multimorbidity in advanced age [5-7], which have become much more pronounced
over the past year because the health systems’ resources had to be carefully distributed
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in line with pandemic-related priorities. Therefore, there is an urgent need to implement
mechanisms that facilitate the shift from a disease-oriented to a preventive approach to
ensure that people live independently and with quality of life for as long as possible and,
consequently, contribute to health systems’ sustainability. One of the requirements for
this shift is the use of tools for early diagnosis and treatment of age-related conditions,
especially frailty.

As a common age-related condition, frailty is characterized by an increased vulnerabil-
ity to adverse health outcomes that affect several domains of human functioning (physical,
psychological, and social) [8], resulting from the decline in multiple physiological sys-
tems [9]. Due to its malleable nature, the condition of frailty can be reversed to a healthy
state if the intervention focuses on the symptoms, adapting the treatment procedures to
their clinical relevance and impact on functioning [10]. However, most of the available
frailty screening tools do not address all domains of functioning, compromising frailty
assessment and management. Early identification of frailty is essential for developing
timely and tailored interventions based on evidence-informed clinical decision-making,
but it requires easy-to-use instruments [11].

The multidimensional SUNFRAIL tool has a bio-psycho-social approach to address
the gaps mentioned above [12]. It is a quick and easy-to-use tool, which facilitates its
regular use in clinical practice. This nine-question tool assesses the presence of difficulties
or problems in biological (items 1-5), psychological (items 6 and 7), and social domains
(items 8 and 9). However, a recent study proposed a different categorization of this tool’s
items [13]. SUNFRAIL items are scored 1 for “yes” and 0 for “no”, except for items 4 and
8, which are scored inversely. Higher scores suggest more frailty [12]. The SUNFRAIL
tool proved to be a valid instrument for screening frailty in community-dwelling older
adults [8]. Given these characteristics, the authors of this study proceeded with forward-
backward translation and cross-cultural adaptation of the SUNFRAIL tool for European
Portuguese, as recommended by international guidelines [14]. The detailed results of this
process are published elsewhere [15].

The present study aimed (i) to determine whether this European Portuguese version
of the SUNFRAIL tool is a valid and reliable instrument to be used in community-dwelling
older adults, and (ii) to assess the screening ability of this SUNFRAIL version using Fried’s
phenotypic model criteria for frailty as a reference test.

2. Materials and Methods
2.1. Participants

This cross-sectional study was conducted in a convenience sample of 128 community-
dwelling older adults recruited by family nurses in cultural and sports associations, munic-
ipal services, and health and day centers in Portugal’s central region. The exclusion criteria
were the presence of moderate to severe cognitive decline and unstable clinical condition.
Data were collected from November 2018 to September 2019.

2.2. Instruments and Procedures

Sociodemographic and clinical characteristics: All eligible participants were asked
to provide information on their sociodemographic characteristics (age, gender, marital
status, and education level), anthropometric characteristics (weight and height), chronic
conditions (neoplasms, blood and immune system disorders, endocrine and metabolic
diseases, central nervous system diseases, special senses disorders, cardiovascular diseases,
respiratory diseases, digestive diseases, skin diseases, musculoskeletal and connective
tissue disorders, genitourinary disorders, hyperthyroidism, hypothyroidism, hypertension,
restless legs syndrome, narcolepsy, obstructive sleep apnea, mental and behavioral dis-
orders, or anxiety), and medication intake (anxiolytics, antihypertensives, beta-blockers,
hypnotics, corticosteroids, anti-inflammatory drugs, melatonin receptor agonists, thyroid
hormones, muscle relaxants, antipyretics, or melatonin). They were also asked to perform
tasks to identify symptoms of physical frailty and assess their cognitive status.
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Measures of frailty: All participants were screened for frailty based on Fried’s frailty
phenotype criteria [16] and completed the European Portuguese version of the SUN-
FRAIL [15]. Fried’s frailty phenotype model includes five components assessed based on
objective or subjective report measures [16]. In this study, both methods were used, as
recommended by the authors of the Portuguese version of the test [17]. More specifically,
physical activity was assessed using a short version of the International Physical Activity
Questionnaire [18], developed for older adults (www.ipaq.ki.se). Inactivity and irregular
activity were classified as symptoms of frailty. Gait speed was assessed through the 4.6-m
walk test, and the best time of the two trials was used for the final score. Symptoms were
classified based on cutoff scores of >7 and >6 s for men and women, respectively.

Weakness was assessed through the handgrip strength test using a dynamometer.
The best result of the three trials was used for the final score. Symptoms were classified
based on the participants’ gender and body mass index (BMI). The following cutoff scores
were used for women: <17, <17.3, <18, and <21 for BMI <23, 23.1-26, 26.1-29, and >29,
respectively. In men, the cutoff scores <29, <30, and <32 were used for BMI <24, 24.1-28,
and >28, respectively.

Two questions (“I felt that everything I did was an effort” and “I could not get going”)
from the Center for Epidemiological Studies-Depression (CES-D) questionnaire [19] were
used to assess fatigue. The symptom was classified as present when both statements
were evaluated by negative concordance. Weight loss was assessed by subjective report,
taking into account the 6-month period prior to assessment. The loss of 4 kg or more was
considered an indicator of symptom presence. Frailty status was confirmed by the presence
of three to five symptoms and pre-frailty status by the presence of one or two symptoms.
In the absence of symptoms, older adults were classified as robust.

Measure of cognitive functioning: Cognitive functioning was assessed using the
6-Item Cognitive Impairment Test (6-CIT) [20]. The 6-CIT is a cognitive screening test
composed of six simple questions that assess orientation in time and space, attention and
working memory, and verbal memory. The classification of the 6-CIT results as indicative
of the presence of changes in cognitive functioning took into account the years of formal
education completed by the participants, as proposed by authors of the Portuguese version
of the test [21].

2.3. Ethical-Legal Considerations

Permission was obtained from the authors of the original version to use the tool and
the institutions to conduct the study. The study was approved by the ethics committee
of the Health Sciences Research Unit: Nursing, Nursing School of Coimbra, Portugal
(decision number P510/06-2018, 510/06-2018). All ethical and legal principles were met.
Participation was voluntary, and all participants signed an informed consent form.

2.4. Statistical Analyses

Data were analyzed using IBM SPSS Statistics software (version 24, IBM Corp., Ar-
monk, NY, USA). Statistical significance was set at 0.05. Chi-square (x?) tests, Cramer’s
V (V) coefficient, Kruskal-Wallis test, Partial eta-squared measure (nzp), and two-way
ANOVA statistics were used. The H-statistic was calculated by summing the squared ranks
of a given factor and dividing them by the total mean square for those ranks [22]. Effect
size was calculated using nzp. The Kuder-Richardson Formula 20 (KR-20) was used to
assess internal consistency. Spearman’s correlations between SUNFRAIL domain scores
and total scores were calculated. Concurrent validity was determined based on Spearman’s
correlations between SUNFRAIL total score and the number of chronic conditions and
medication intake. The Receiver Operating Characteristic (ROC) curve was plotted to
compare the sensitivity and specificity of different cutoff point(s) for frailty screening. The
SUNFRAIL score was used as a test variable and the absence/presence of the Fried frailty
criteria as a state variable. The Youden index was calculated to select the optimal cutoff
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point. The area under the curve (AUC) with 95% confidence interval and other summary
measures of test accuracy were also reported.

3. Results
3.1. Sociodemographic and Clinical Characteristics

The participants were mostly female (1 = 98), with a mean age of 71.09 & 7.85 years
and a mean education level of 8.08 £ 4.17 years (Table 1). According to Fried’s diagnostic
criteria for frailty, of the 128 older adults, 23 were frail, 53 were pre-frail, and 52 were
robust. Table 2 shows that reduced strength was the most common symptom among frail
and pre-frail participants. A large percentage of frail older adults showed reduced speed,
activity, and fatigue; however, only one frail person reported unintentional weight loss.
Interestingly, BMI in this group was quite high, reaching a mean value of 29.62 (£6.44). For
pre-frail participants, reduced activity and reduced speed were the second and third most
common symptoms. Fatigue was reported by 8% of pre-frail older adults, and none of them
confirmed unintentional weight loss (Table 2). In this group, BMI reached a mean value
of 26.96 (£4.02), which was similar to the mean value found in the group of robust older
adults (26.59 + 3.93). Multimorbidity (presence of two or more chronic conditions) was
reported in 90% of participants. Frail participants had, on average, more chronic conditions
than robust or pre-frail participants (Table 1). Eighty-four percent of participants reported
taking medication, and more than half of the sample (53%) reported being polymedicated
(two or more drugs) (Table 1).

Table 1. Demographic, clinical, and neuropsychological characteristics of the sample.

Robust Older Pre-Frail Frail Older
Adults Older Adults Adults
(n = 54) (n = 56) (n=24)
% % % X2 Cramer’s V
Gender: Female/Male 72/28 80/20 75/25 1.021 0.600
Marital Status: 4/69/13.5 4/54.5/36 4/46/37.5 9.628 0141
single/married /widowed/divorced /13.5 /5.5 /12.5 : ’
6-CIT: without cognitive
decline/with mild cognitive decline 81.5/185 79/21 42/58 14.853 0.001
Mean (SD) Mean (SD) Mean (SD) Kruskal-Wallis Pa1rw.15e
(p) comparisons
Age 70.83 (4.50) 72.15 (5.36) 72.39 (3.86) 0.321 —_
Education level 8.76 (3.99) 7.84 (4.14) 7.25 (4.20) 0.299
Medication intake 1.5 (1.28) 1.91 (1.37) 2,63 (1.31) 0.003 R<F*
Comorbidities 3.81 (1.84) 3.84 (2.09) 4.88 (1.87) 0.078

F: frail older adults; R: robust older adults; * p < 0.01; nzp =0.089.
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Table 2. SUNFRAIL score and diagnostic criteria for frailty based on Fried’s Phenotype Model.

Non-Robust Older Adults

Robust Older Adults Total Pre-Frail Older Adults  Frail Older Adults
(n =54) (n = 80) (n = 56) (n=24)
SUNFRAIL Total Mean + SD 1.83 +£1.37 2.84 +1.81 2.36 +£1.63 3.96 +1.73
score (range) (0-6) 0-7) 0-7) (0-7)
SUNFRAIL Mean + SD 1.07 £ 091 1.56 £ 1.21 1.18 £ 1.05 246 +1.10
-Biological (range) (0-4) (0-4) (0-4) (0-4)
SUNFRAIL Mean + SD 0.57 £ 0.69 0.94 £ 0.68 0.88 + 0.69 1.08 £ 0.65
-Psychological (range) (0-2) (0-2) (0-2) (0-2)
SUNFRAIL Mean + SD 0.19 £ 048 0.34 £ 0.50 0.30 £ 0.50 0.42 £0.50
-Social (range) (0-2) (0-2) (0-2) (0-1)
Fried’s Phenotype Mean + SD 0.00 £ 0.00 1.89 + 1.06 1.27 +0.45 3.33 £048
Model criteria (range) (0.00-0.00) (1-4) (1-2) (3-4)
Weight loss %o of persons S 1.32% 0.00% 4.35%
with symptom
Fatigue %o of persons — 27.63% 7.55% 73.91%
with symptom
Reduced activity %o of persons — 51.32% 39.62% 78.26%
with symptom
Reduced speed %o of persons — 40.79% 20.75% 86.96%
with symptom
Reduced hangrip o of persons — 75.00% 66.04% 95.65%
strength with symptom

3.2. Internal Consistency of the SUNFRAIL Tool

Internal consistency was low (0.522). The correlations between the SUNFRAIL total
score and the three domain scores were statistically significant (p < 0.001). The correlation
between the total score and the biological domain score was strong (rho = 0.84), and both
the correlations between the total score and the psychological domain score (rho = 0.65)
and the total score and the social domain score (rho = 0.55) were moderate. The correlations
between the SUNFRAIL domains were significant but weak. The highest correlation was
found between the biological and the social domain scores (rtho = 0.29; p = 0.001), and the
lowest between the psychological and the social domain scores (rtho = 0.22; p = 0.011). The
rho coefficient for the biological and the psychological domain scores was 0.25 (p = 0.004)
(Table 2).

3.3. SUNFRAIL Score in Robust and Non-Robust Older Adults

The analysis of the SUNFRAIL total score using the Kruskal-Wallis test revealed
statistically significant differences between groups (H(2) = 21.708; p < 0.001). The multiple
comparisons of mean ranks showed that robust participants scored significantly lower on
the SUNFRAIL tool than pre-frail (p = 0.048) and frail (p < 0.001) participants. Significant
differences were also found between the scores obtained by frail and pre-frail older adults
(p =0.001). The effect size was medium (n2P =0.171). Significant between-group differences
were found in the biological (H(2) = 22.385; p < 0.001; nzp =0.176) and the psychological
(H(2) =10.743; p = 0.005; nzp = 0.085) domains of the SUNFRAIL tool, but not in the social
domain (H(2) = 4.860; p = 0.088).

Moreover, the multiple comparisons of mean ranks showed significant differences
between robust and frail older adults in both biological (p < 0.001) and psychological
(p = 0.008) domains. Significant differences between robust and pre-frail participants were
found in the psychological domain (p = 0.038) but not in the biological domain. Significant
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SunFrail total score

differences between pre-frail and frail older adults were only found in the biological
domain (p < 0.001) (Figure 1).

26 10
*

robust older adults prefrail older adults frail older adults

Phenotypic Model diagnostic criteria for frailty

Note. Bold lines indicate mean scores. Hollow circle indicates a mild outlier. Asterisk indicates an

extreme outlier. Boxes represent 95% confidence intervals.

Figure 1. SUNFRAIL score for participants classified as robust, pre-frail, and frail based on Fried’s Phenotype Model.

3.4. SUNFRAIL Tool and 6-CIT

Seventy-three percent of participants showed no significant cognitive changes. Older
adults with and without cognitive decline were not equally distributed in the robust,
pre-frail, and frail groups (x% = 12.932; p =0.002; Vc = 0.3) (Table 1). A non-parametric
two-way ANOVA was used to analyze the effect of cognitive status on SUNFRAIL scores.
The correlation between frailty status (robust, pre-frail, and frail) and cognitive status
(without cognitive decline and with mild cognitive decline) was statistically significant
(H(2) =22.138, p < 0.001, nzp =0.174), explaining 17.4% of total variance. In terms of main
effect, the cognitive status did not contribute to the distribution of the SUNFRAIL score
(H(1) =0.431,p=0.51, nzp = 0.004). Frailty status proved to have a significant effect on
the distribution of the SUNFRAIL score (H(1) = 18.095, p < 0.001, nzp =0.147), explaining
14.7% of total variance.

3.5. Concurrent Validity of the SUNFRAIL Tool

Frail participants had, on average, more chronic conditions than robust or pre-frail
participants, but these differences (Kruskal-Wallis test) were not significant (p > 0.05). The
number of chronic conditions correlated significantly but moderately with the total score
of the SUNFRAIL tool (rtho = 0.44; p = 0.01).

3.6. Sensitivity and Specificity of the SUNFRAIL Tool

Figure 2 shows the ROC curve for the SUNFRAIL score, using Fried’s frailty criteria
(absence of symptoms vs. presence of symptoms) as the gold standard.
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Figure 2. Receiver Operating Characteristic (ROC) curve for the SUNFRAIL tool, using diagnostic
criteria for frailty from the Fried phenotype model as a gold standard.

The AUC was 0.671 (95% CI = 0.58-0.77; p < 0.01). The cutoff point >2 had the best
sensitivity and specificity (Table 3). Predictive values and likelihood ratios for this cutoff
point are shown in Table 4.

Table 3. Sensitivity, specificity, and Youden Index of the SUNFRAIL tool.

Cutoff Point Sensitivity Specificity Youden Index
>0 9.26% 92.50% 0.02
>1 48.15% 70.00% 0.18
>2 77.78% 55.00% 0.33
>3 92.59% 36.25% 0.29
>4 94.44% 18.75% 0.13
>5 94.44% 8.75% 0.03
>6 100.00% 2.50% 0.02
>8 100.00% 0.00% 0.00

Note. In bold: cutoff points, sensitivity, and specificity for the maximal Youden Index.

Table 4. Screening properties of the SUNFRAIL tool for cutoff >2.

Sensitivity ~ Specificity AUC PPV NPV LR+ LR-

0.78 0.55 0.666 * 0.79 0.54 248 0.58
(0.64-0.88)  (0.43-0.66)  (0.57-0.76)  (0.68-0.86)  (0.47-0.61)  (1.45-4.23)  (0.44-0.77)
Note. AUC: area under the curve; LR-: negative likelihood ratio; LR+: positive likelihood ratio; NPV: negative

predictive value; PPV: positive predictive value. Numbers in parentheses show a 95% confidence interval.
H
p<001.

4. Discussion

The low internal consistency of the Portuguese European version of the SUNFRAIL
tool may have been due to the reduced number of items representing three different
domains of individual functioning. On the other hand, significant moderate (psychological
and social) to strong (biological) correlations were found between domain scores and total
score, proving that the instrument may collect relevant data for defining the follow-up care
plan. The correlations between different SUNFRAIL domains showed more satisfactory
results than those found in the study conducted in the Netherlands [13]. In the latter study,
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no significant correlations were found between the physical and the social domains in the
SUNEFRAIL tool; the internal consistency value was also not reported.

The results on reliability require further discussion on the SUNFRAIL structure. Al-
though it is an easy-to-use instrument covering three different domains, it may be necessary
to increase the number of items in the psychological and social domains. Concerning the
social domain, it is important to address older adults’ perceived satisfaction with the
available social support rather than only questioning if such support exists or not.

The findings on internal consistency also suggest the need for reviewing item content
and scoring options. During the construct validity process, lay, research, and clinical
practice communities raised questions about the difficulty in understanding some items.
Based on their feedback, these items were reformulated [15]. Still, some of them may be
ambiguous for the Portuguese context, probably undermining the tool’s consistency. In our
opinion, items 2, 4, and 9 are more sensitive to cultural issues and items 1 and 7 are more
sensitive to the meaning attributed to them. Therefore, we recommend further research on
older adults’ understanding of the items and how their answers can be influenced by social
desirability. As for item scoring, the dichotomous (yes/no) response option makes it easier
to use. However, multiple-choice questions may enable a more reliable screening. The
training of health and social care professionals in the SUNFRAIL administration may also
be helpful. The instrument could also include a detailed description of each item to check
if the meaning attributed by the interviewees to these items is the same as that intended
by the tool authors. It could also provide guidance on the care-pathways to be suggested
or activated in response to the symptoms and information on the available resources, as
suggested by other studies [8].

As some SUNFRAIL items seem to be culturally sensitive, the proposed approach
may benefit older people by raising their awareness about health changes, which, despite
being warning signs, are often assumed as “normal”, preventing the search for timely help.
The fact that there is an over expression of obesity over weight loss deserved our attention.
Several studies [23,24] show that weight loss but also obesity can be a frailty indicator. This
aspect may be dependent on the cultural context and deserves further reflection. Although
the SUNFRAIL tool can still be improved, we believe it may allow in-depth data collection.
One of the strengths of the European Portuguese version [15] is its ability to discriminate
between robust, pre-frail, and frail older adults. These results are in line with another
study [13]. The differences between groups were predominantly higher in the biological
domain and lower in the other domains, which may reinforce the idea that the biological
domain is overrated in comparison with the psychological and the social domains, which
is also similar to the results found by Gobbens et al. (2012) [7].

The total explained variance of the SUNFRAIL was higher for the interaction between
frailty status and cognitive status than when the cognitive status or the frailty status
were analyzed per se, which, in our opinion, may reinforce the multidimensionality of
frailty [13]. As regards concurrent validity, the SUNFRAIL was significantly correlated
with multimorbidity. Previous studies [5-7] also suggested a high prevalence of multiple
chronic diseases in frail older adults. Other authors [25] also argue that a mean number
of chronic diseases is a relevant determinant of frailty, with overlap rates of frailty and
multimorbidity reaching 25%. We are able to determine two-thirds for the cutoff point,
with score 2 indicating a robust health status and score 3 or more indicating pre-frailty or
frailty, which is consistent with a previous study [13]. The sensitivity and specificity values
for a pilot study are satisfactory, but more studies are needed. For being a self-assessment
questionnaire, some domains can be underestimated. Carers or other significant people
should be included for a more comprehensive assessment.

Strengths and Limitation of the Study

This study’s major strength is that it determined the validity and reliability of this
European Portuguese version of the SUNFRAIL tool. This cross-cultural adaptation process
followed rigorous quality procedures, resulting in the first version of an instrument for
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frailty screening suitable for community-dwelling older people and can be easily used in
primary health care settings. A most important limitation of this study is the sample size,
especially the reduced number of participants with frailty. The latter is due to the fact that
most study participants were involved in physical and social activities in the community,
which makes them less frail. This fact may have conditioned the instrument’s results on
sensitivity and specificity. As so, future research should focus both on older adults who
maintain physical and cognitive activity and on older adults who are no longer active.
Future research should also examine the SUNFRAIL performance in groups of older adults
who are socially involved with those who are socially isolated, to obtain more accurate
data on the social and psychological domains of the tool. The analysis of SUNFRAIL
that considers the distribution of participants into different age groups is additionally
recommended. This analysis would enable to verify whether the cutoff score suggested in
the present study also applies to the oldest older adults. Finally, other studies should be
conducted to reinforce the validity (construct validity against other frailty tests validated
for the Portuguese population, concurrent and predictive validity) and reliability (temporal
stability) of the European Portuguese version of the SUNFRAIL tool, as well as to explore
its association with adverse health outcomes.

5. Conclusions

The European Portuguese version of the SUNFRAIL tool is a promising frailty screen-
ing tool for clinical practice. It is an easy-to-use and friendly instrument. More consistent
results on validity and reliability are needed for its use in clinical practice nationwide.
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Abstract: This research investigated the effects of social isolation on frailty and health outcomes and
tested whether these associations varied across different levels of frailty. We performed a multivariate
analysis of the first wave of Frailty: A longitudinal study of its expressions (FRELE) among 1643
Canadian older adults aged 65 years and over. We assessed social isolation using social participation,
social networks, and support from various social ties, namely, friends, children, extended family,
and partner. Frailty was associated with disability, comorbidity, depression, and cognitive decline.
Less social participation was associated with limitations in instrumental activities of daily living
(IADLSs), depression, and cognitive decline. The absence of friends was associated with depression
and cognitive impairment. Less social support from children and partner was related to comorbidity,
depression, and cognitive decline. Overall, social isolation is linked to mental health rather than
physical health. The associations of having no siblings, receiving less support from friends, and
participating less in social activities with ADL limitations, depression, and cognitive decline were
higher among frail than prefrail and robust older adults. This study corroborates the pivotal role of
social connectedness, particularly the quality of relationships, on the mental health of older adults.
Public health policies on social relationships are paramount to ameliorate the health status of frail
older adults.

Keywords: frailty; social isolation; social networks; social support; social participation; aging

1. Introduction

The effect of social isolation on health among older people has recently garnered
increasing attention from the media and policymakers alike, recognizing it as an emerging
public health priority [1,2]. Worldwide, roughly 50% of older people are at risk of social
isolation, and about one-third of those aged 60 years and over experience loneliness in
later life [3]. In Canada, one in five older adults feels socially isolated [4]. Social isolation
is a known risk factor for a wide array of adverse health outcomes among older people,
including disability [5], cognitive decline [6,7], depression [8], and mortality [9]. Holt-
Lunstad and colleagues [10] posited that the influence of social isolation on health is
comparable with that of well-established risk factors, including smoking and obesity.

In recognition of the importance of older adults’ social relationships, Berkman and
Krishna [11] have developed a comprehensive conceptual model of how social networks
impact health, linking social networks, social participation, and social support to health
outcomes. Social networks pertain to social interactions and frequency of contact with social
ties (i.e., friends, children, extended family, and partner). Emotional social support refers
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to the amount of love and caring provided by confident or intimate ties [11]. According
to this underpinning theoretical perspective, we use a broad definition of social isolation
that encompasses structural and functional aspects. The structural aspect includes social
networks and social participation. The functional aspect refers to the quality of relationships
or emotional social support. The impact of social isolation on health among older adults
may be influenced by other factors associated with increasing age, such as frailty.

Frailty reflects the state of increased vulnerability, deriving from cumulative declines
in several physiological systems [12,13]. In a landmark study, Fried and colleagues [13] pro-
posed the “Frailty Phenotype Approach,” in which frailty leads to adverse health outcomes,
including disability, comorbidity, falls, depression, cognitive impairment, and premature
death [12,13]. Prior research has portrayed the link between frequent social contacts and
higher social support with a lower level of frailty among older adults [2,14,15]. Researchers
have suggested that frequent contact with friends [16-18] and neighbors [18] is more pro-
tective against frailty than contact with children. The results of a recent scoping review [2]
have highlighted the link between social isolation and frailty; however, discrepancies in
research results appeared when examining the effect of social isolation on adverse health
outcomes. These discrepancies have led us to the assumption that frailty might moderate
the association between social isolation and health outcomes, and therefore, impact this
relationship differently based on the frailty status, determining which older adults are
most vulnerable to poor health outcomes. Two recent studies [19,20] have investigated the
combined effect of social isolation and frailty on health outcomes. The results have shown
that frail and isolated older adults have a higher level of falls and mortality compared
to older adults without one of these conditions or those with neither of these conditions.
Nevertheless, it remains unclear whether or not frailty worsens the effect of social isolation
on health. To date, a paucity of research has incorporated three dimensions of social
isolation, including social participation, social networks, and social support across different
types of social network ties, and little is known about the moderating role of frailty on the
pathway from social isolation to health [2]. Hence, the present paper aims to investigate the
effects of social isolation on frailty and adverse health outcomes and to explore how this
relationship varies according to different levels of frailty. Based on the Berkman theoretical
model and prior studies, this research study focuses on the following relationships:

1. Social participation, social networks, and social support across different types of social
ties are associated with frailty and adverse health outcomes.
2. Frailty partially moderates the effects of social isolation on poor health outcomes.

From which, we derive the two following hypotheses:

H1. Older adults who have more contact with social ties, receive more social support, and
participate more in social activities will be less frail and in better health.

H2. Frail and socially isolated older adults—with fewer social contacts, less social support,
and lower participation in social activities—will experience higher levels of disability,
cognitive decline, comorbidity, and depression than non-frail isolated older adults. This
difference will be reduced among prefrail older adults and will not occur among robust
older adults.

2. Materials and Methods
2.1. Data Source and Study Population

For this cross-sectional study, we employed data from the first wave of the FRELE
study (Fragilité, une étude longitudinale de ses expressions/Frailty: A longitudinal study
of its expressions), a population-based study of 1643 community-dwelling men and women
aged 65 years and over. Participants were recruited from a random sample of the Québec
Medicare database in 2010, including a subset of three regions in the province of Québec,
Canada, as follows: a metropolitan area (Montréal), a mid-sized city (Sherbrooke), and a
small town (Victoriaville). The study population was stratified by gender, age groups, and

176



Int. ]. Environ. Res. Public Health 2021, 18, 1675

study regions. Further details regarding the study sample and data collection procedures
have been described in detail elsewhere [21,22]. Ethical approval for the FRELE study was
provided by the Research Ethics Committee of the Jewish General Hospital (12 January
2010). The Research Ethics Committee of the Integrated Health and Social Services Univer-
sity Network for West-Central Montréal (#CODIM-MBM-17-146-10 October 2020) and the
Health Research Ethics Board of the Université de Montréal (#17-162-CERES-D-19-08-2020)
approved the research protocol of the present study.

2.2. Measures
2.2.1. Independent Variables

Social isolation: Based upon the Berkman theoretical model [11], we measured social
isolation through participation in social activities, social networks, and receiving social
support from different types of social ties, including friends, children, extended family, and
an intimate partner/spouse.

e  Social participation was measured by 12 items, including membership in community
organizations, participating in religious activities, being a volunteer, playing music,
painting, visiting family members or friends, attending a community center, going to
restaurants, libraries, shopping malls, cultural and sportive centers, and events [23].
Participants indicated their response on a five-point Likert scale, ranging from 1
(almost every day) to 5 (never). Scores were summed, with greater scores indicating
lower social participation. The Cronbach'’s alpha for this scale was 0.69.

e Social networks were assessed based on the longitudinal International Mobility in
Aging Study’s (IMIAS) social network scale, which is a validated scale among older
populations [24]. We measured social networks using the following four items: (a)
the numbers of friends, living children, and extended family (i.e., grandchildren and
siblings); (b) the numbers of those social ties that they see at least once a month; (c)
that they have a close relationship with; and d) that they speak to by phone at least
once a month [24]. The examples of questions are as follows: How many friends do
you have? How many friends do you see at least once a month? How many friends
do you have a very close relationship with? How many of them do you speak to by
phone at least once a month? Social network questions were not asked about partners
as they usually had daily contacts. Response options were “never” (code 1), “rarely”
(code 2), “sometimes” (code 3), “frequently” (code 4), and “always” (code 5). The
items related to each social tie were summed to give a social contact score, with higher
scores indicating higher levels of social networks. The Cronbach’s alpha internal
consistency estimates for friends, children, siblings, and grandchildren were 0.70, 0.87,
0.75, and 0.74, respectively.

e  Social support was measured by the following five items of the IMIAS's social support
scale: whether participants felt helpful, loved, listened to, important to, and useful to
their social ties, including friends, children, extended family, and partner [24]. The
examples of questions are as follows: Do you help your friends from time to time? Do
you feel that you are loved and appreciated by friends? Do your friends listen to you
when you need to talk about your problems or preoccupations? Do you feel that you
play an important role in your friends’ lives? Do you feel useful to your friends? The
scores ranged from 1 (never) to 5 (always), with a higher score indicating a higher level
of social support. The Cronbach’s alpha internal consistency estimates for friends,
children, extended family, and partner were 0.72, 0.72, 0.70, and 0.73, respectively.

e The absence of social ties: We created a binary variable for social ties to indicate the
absence of friends, children, grandchildren, siblings, and partner [25,26]. Accordingly,
we dichotomized participants’ responses to the presence or absence of social ties into
two categories: (a) participants with social ties (score 0) (i.e., having friends) and (b)
participants without social ties (score 1) (i.e., having no friends).
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2.2.2. Moderator Variable

Frailty: Physical frailty was assessed based on Fried’s criteria [13], including weight
loss, weakness, exhaustion, slowness, and low physical activity levels. Participants were
categorized as physically frail in the presence of three or more of these criteria, as prefrail
in the presence of one or two of these criteria, and as robust if none of these characteristics
were observed. The detailed measurement methods for each component of frailty in the
FRELE study are provided elsewhere [27]. Frailty is described as a syndrome in the Fried
phenotype of frailty. Based on the construct validity measured in the FRELE study, frailty
is a marker and determinant of health outcomes [27].

2.2.3. Dependent Variables-Health Outcomes

e  Cognitive function was measured by the Montreal Cognitive Assessment (MoCA),
which has high test-retest reliability and internal consistency. The total MoCA scores
ranged from 0 to 30 points, with higher scores indicating better cognitive function
(>25) [28]. In the FRELE’s sample population, 66 respondents had a lower cognitive
status and were excluded from taking the MoCA. We censored them to the left in our
analysis [21].

e  Comorbidity was evaluated by the Functional Comorbidity Index (FCI), a validated
scale that predicts older adults’ physical function [29]. Diagnoses include arthritis,
osteoporosis, asthma, chronic obstructive pulmonary disease, coronary artery disease,
heart failure, myocardial infarction, neurological diseases, stroke, peripheral vascular
disease, diabetes, gastroduodenal pathology, depression, anxiety or panic disorders,
visual impairment, hearing impairment, degenerative disc disease, obesity, and cancer.
In this study, cancer was added, which was one of the comorbidities in the Cardiovas-
cular Health Study conducted by Fried [13]. The presence of each of these conditions
gave one point, with the score ranging from 1 to 19 points, with a high FCI score
meaning greater comorbidity. The information on the presence of specific disease was
ascertained by physician assessment.

e  Disability was measured by the Katz [30] Index of Independence in Activities of Daily
Living (ADLs) and the Lawton [31] Instrumental Activities of Daily Living (IADLs)
index. ADLs include difficulty in nine self-care activities: bathing, grooming, dressing,
eating, toileting, walking, getting out of bed, getting up from a chair, and cutting
toenails. IADLs comprise difficulty in the nine following activities: using the tele-
phone, using transportation, shopping, doing errands, cooking, light housekeeping,
heavy housekeeping, taking medications, and managing finances. We categorized
ADLs or IADLs into two groups: (1) able to perform the activity without help (score
0), and (2) unable to perform the activity (score 1). Participants who reported that
they were unable to perform any of the activities were considered to have difficulty in
performing ADLs or IADLs.

e Depressive symptoms were measured using the 15-item Geriatric Depression Scale
(GDS-15) [32]. The scores ranged from 0 to 15, with greater scores suggesting greater
depressive symptoms. The Cronbach alpha reliability estimate for the GDS was 0.75.

2.2.4. Covariates

Covariates included demographic and socioeconomic characteristics (i.e., age, sex,
education, and annual income) and life habits (i.e., smoking, alcohol consumption, and
sleeping disturbance).

2.3. Statistical Analysis

Descriptive statistics were performed to describe the sample including means and
standard deviations for continuous variables, and frequencies and percentages for cat-
egorical variables. One-way analysis of variance (ANOVA) and chi-square tests were
applied to evaluate differences between frailty groups. According to the Hayes’s multi-
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categorical moderation model [33], we estimated frailty, a multi-categorical moderator, in
the regression models by using a system of coding based on g — 1 variables, representing
the g categories of frailty (¢ = 3). We thus categorized participants into frail (w1) and
prefrail (w2) with reference to the non-frail group. We subsequently conducted a “slope
difference test” in the moderation model to examine whether the effects of social isolation
on health depended on frailty. This can be described as a test of the difference between two
conditional effects of social isolation on health for two different values of frailty, including
frail (wl) and prefrail (w2). As suggested by McDonough and Walters [26] and Béland
and his colleagues [25], we added a binary variable for the absence of children, friends,
grandchildren, siblings, and partner to all equations, considering for having or not having
social ties. We performed a series of multivariate regression models to examine the effects
of social isolation on frailty and health outcomes and to test whether frailty moderated the
effects of social isolation on health, using Mplus version 8 [34]. We added simultaneously
all dependent variables into the regression equations. In the first step, we examined our
first hypothesis by testing the effects of social isolation on frailty and on adverse health
outcomes, including disability, chronic diseases, depression, and cognitive decline. We
then investigated our second hypothesis via examination of the interaction effects of social
isolation and frailty on health outcomes. We assessed whether frailty improved model fit
when added to the final model, using the Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), adjusted BIC, and chi-square tests. All multivariate regression
models were controlled for covariates, and 5000 bootstrapped samples/Monte Carlo inte-
gration were performed to calculate 95% confidence intervals. The statistical significance
was set at p < 0.05.

3. Results
3.1. Participants’ Characteristics

The mean (SD) age of participants was 78.7 (7.9) years, and 50.2% of respondents
were women. Almost 12.6% of participants were classified as being frail, with 38.2% being
prefrail, and 49.2% robust. The level of frailty increased significantly with age. There
was no gender difference between frailty groups. Frail older adults had higher levels of
chronic diseases, disability, depressive symptoms, and cognitive impairment than robust
ones. They had lower levels of participation in social activities, fewer social networks,
and received less support from social ties. They were less educated, less likely to drink
alcohol, and to have sleep disturbances. The percentage of participants who had no friends,
children, grandchildren, siblings, and partner were 14.8, 14.7, 22.2, 13, and 45.5, respectively.
(Table 1).
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Table 1. Characteristics of the participants by frailty status.

Variables (N'I;OEI%) (nF:;;” Prefrail (n = 628) (Eib;jsst) p Value *
Age, mean (SD) 1643 84.7 (6.7) 80.4 (7.5) 75.6 (7.2) <0.001
Age groups (%) <0.001
65-74 536 7.7 23.2 46.3
75-84 555 27.1 344 35
85* 552 65.2 424 18.7
Gender, (%) 0.451
Male 818 46.9 48.9 51.2
Female 825 53.1 51.1 48.8
Education, mean (SD) 1643 44 (2.7) 5.2(2.8) 5.7 (2.8) <0.001
Income, mean (SD) 1643 4.1(1.7) 4.1 (1.6) 42(27) 0.664
Smoking (%) 0.148
Current smoker 122 6.8 8.8 6.6
Former smoker 797 444 46.3 51.2
Non-smoker 724 48.8 449 422
Alcohol (%) <0.001
Yes 1166 48.3 67 79.8
No 477 51.7 33 20.2
Sleeping disturbance (%) 0.005
Yes 677 50.7 419 38.2
No 966 493 58.1 61.8
ADL (%) <0.001
No difficulty 1223 329 69.7 88.7
Have difficulty 420 67.1 30.3 11.3
IADL (%) <0.001
No difficulty 913 6.8 446 76.6
Have difficulty 730 93.2 55.4 234
Depression, mean (SD) 1635 5.7 (2.9) 3.4 (2.6) 1.8(1.7) <0.001
Comorbidity, mean (SD) 1642 43(1.9) 3.6 (1.9) 2.5(1.7) <0.001
Cognitive function, mean (SD) 1643 19.1 (8.1) 21.9 (6.9) 24.6 (4.2) <0.001
Social participation, mean (SD) 1643 12.6 (18.8) 17.3 (20.8) 20.7 (20.2) <0.001
Friends
Social network, mean (SD) 1643 12.5 (18.7) 17.3 (20.8) 207 (20.2) <0.001
Social support, mean (SD) 1643 11.7 (10.5) 14.7 (9.3) 16.8 (8.2) <0.001
No friends (%) 243 26.1 16.4 10.6 <0.001
Children
Social network, mean (SD) 1643 10.3 (10.4) 9.4 (84) 8.4 (7.6) 0.005
Social support, mean (SD) 1643 14.5 (10) 16.9 (9.4) 17.3(9.7) <0.001
No children (%) 242 184 139 145 0.273
Extended family
Social network, %;aDr;dCh‘ldre“' mean 1643 12.2 (14.6) 11.1 (12.8) 9.8 (11.9) 0.031
No grandchildren (%) 365 22.7 234 222 0.429
Social network, siblings, mean (SD) 1643 5.2(7.9) 7(7.4) 9.5 (8.4) <0.001
No siblings (%) 214 25.1 14 9.2 <0.001
Social support family, mean (SD) 1643 15.3 (5.3) 16.9 (4.9) 17.5 (4.8) <0.001
Partner
Social support, mean (SD) 1643 5.3 (12.8) 9 (13.5) 11.2 (13.5) <0.001
No partner (%) 748 59.9 47.3 40.5 <0.001

*p <0.05.

3.2. Social Isolation, Frailty, and Health Outcomes

Table 2 presents the results of the logistic regression of the association between social
isolation and frailty. Older adults who engaged less in social activities ((3: 0.595; 95% CI:
0.394, 0.789) and received less social support from children (3: —0.393; 95% CI: —0.622,
—0.155) and an intimate partner (3: —0.831, 95% CI: —1.507, —0.099) were more likely to
be frail. The absence of siblings (f3: 0.651, 95% CI: 0.149, 1.149) was significantly associated
with a higher level of frailty. However, older adults with an intimate partner (3: —1.617,
95% CI: —3.072, 0.048) and children (3: —1.297; 95% CI: —2.265, —0.245) were more likely
to be frail. Our results revealed that social contacts with friends, receiving social support
from friends, and having friends were not associated with frailty. Only the lack of social
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contact with siblings was significantly related to prefrailty (3: —0.125, 95% CI: —0.208,
—0.042).

Table 2. Logistic regression of social isolation on frailty.

Frailty

Social Isolation

Variables Frail Prefrail

Coefficient CI<0.95 CI>0.95 Coefficient CI<0.95 CI>0.95

Intercept 11.111 7.922 14.156 3.077 1.210 4.979
Social participation 0.595 0.394 0.789 0.079 —0.022 0.177
Friends
Social Network - - - - - -
Social Support - - - - - -
No Friends - - - - - -
Children
Social Network - - - -
Social Support —0.393 —0.622 —0.155 0.043 —0.126 0.218
No children —1.279 —2.265 —0.245 0.013 —0.725 0.777
Extended Family
Social Network—
Grandchildren
No Grandchildren - - - - - -
Social Network=" (53 _0140 0180  —0125  —0208  —0.042
Siblings
No siblings 0.651 0.149 1149 —0.285 —0.625 0.045
Social Support—
Family
Partner
Social Support —0.831 —1.507 —0.099 —0.437 —0.936 0.051
No partner —1.617 —3.072 0.048 —1.013 —2.120 0.060

Statistically significant associations are highlighted in bold. Non-statistically significant associations
are indicated by two hyphens [-]. Coefficient values in plain numbers are the non-statistically
significant coefficient of the categories of statistically significant independent variables. All entries
are unstandardized regression coefficients. CI = confidence interval.

Table 3 displays the results of the association between social isolation and frailty
with adverse health outcomes. It is evident from this table that frailty was associated
with all poor health outcomes, including disability, depression, comorbidity, and cogni-
tive function. Less participation in social activities was notably associated with IADLs,
depression, and cognitive decline but not with ADLs and comorbidity. Less social support
from children was significantly associated with comorbidity and depression. Likewise,
those who received less support from extended family were at greater risk for depression.
The absence of friends was associated with depression symptoms and cognitive decline.
However, perceived social support from friends and social contact with friends were not
linked to poor health outcomes. The presence or absence of siblings and grandchildren
was unrelated to adverse health outcomes, while the presence of children was linked to
depressive symptoms. Although higher levels of contact with grandchildren were related
to better cognitive function; social contacts with children, siblings, and friends were not
associated with older adults” health. Further, it appears that older people who had more
social contact with their grandchildren experienced a higher level of functional dependence
in ADLs. Lastly, older adults who perceived less social support from a partner and had an
intimate partner were more likely to be depressed or cognitively impaired.
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3.3. The Moderating Effect of Frailty on Social Isolation and Health Outcomes

Table 4 presents the findings for the final model with interaction terms. Compared to
the results of Table 3, when we added the interaction models to the previous model, the first-
order coefficients for the absence of friends and the presence of a partner were no longer
associated with cognitive function. The other first-order associations remained significant.
The inclusion of the interaction terms improved the overall multivariate goodness of fit,
according to the reduction in the AIC (from 21,811.26 to 21,794.66), and the significance
of the chi-square at the 0.05 level (x? = 32.59). Nonetheless, the BIC and adjusted BIC
values increased (from 22,259.81 to 22,286.45 and from 21,996.13 to 21,997.36, respectively),
indicating that our moderation models may provide little or no extra information.

The moderation regression models in Table 4 demonstrated that the following interac-
tions with frailty were statistically significant: social participation (f3: 0.270, 95% CI: 0.071,
0.469), social support from friends (3: 0.420, 95% CI: 0.166, 0.674), having no friends (f:
1.293, 95% CI: 0.281, 2.305) and no siblings (3: 1.758, 95% CI: 0.566, 2.950). Based on the
Hayes moderation model, we conducted a “slope difference test” to compare whether
the effect of social isolation on health outcomes varied in different values of frailty. As
presented in Table 5, the conditional effect tests showed that the negative effect of having
no siblings on ADL limitations was significant for frail older adults (f: 1.242, 95% CI:
0.390, 2.094). As predicted, this effect was not apparent for prefrail and robust older adults.
The subsequent conditional effects revealed that the effect of non-participation in social
activities on depression was stronger for frail (3: 0.404; 95% CI: 0.119, 0.689) and prefrail
(B: 0.464; 95% CI: 0.308, 0.621) older adults compared to robust ones (f3: 0.194; 95% CI:
0.057, 0.331). Of importance, this effect was significantly diminished for robust older adults.
Additionally, higher levels of perceived social support from friends were protective against
cognitive decline for frail older adults (8 = 0.323; 95% CI: 0.098, 0.547), but this benefit was
significantly attenuated for prefrail and non-frail older adults. Lastly, frail older adults
without friends had higher levels of cognitive decline compared to prefrail and non-frail
older adults (3 = 0.804; 95% CI: —0.059, 1.666). In sum, we observed that associations of
having no siblings, receiving less social support from friends, and participating less in
social activities with ADL limitations, cognitive decline, and depression were higher for
frail older adults than for prefrail and robust ones.
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4. Discussion

Drawing on the Berkman theoretical model of social relationships, we examined
the interplay between social isolation, frailty, and health outcomes. Our results partially
support our first hypothesis that older adults who engage in leisure activities, have social
contacts with siblings, and perceive support from children and an intimate partner are
less frail. The current study confirms the prior evidence that frailty is associated with
adverse health outcomes [2]. Apart from frailty, our results indicate that actively engaging
in social activities may alleviate the impact of IADL limitations, depressive symptoms, and
cognitive decline among older adults. This result is consistent with evidence from previous
longitudinal research [25,35] and also, is in line with the World Health Organization (WHO)
framework on healthy aging [36], emphasizing the importance of social participation in
later life, which may, in turn, reinforce the health of older people.

We found that older adults who perceived a shortfall in social support from children
and an intimate partner were at greater risk of depression, comorbidity, and cognitive
decline. The presence of an intimate partner and children and a relative lack of friends
resulted in a higher likelihood of cognitive decline and depression. In this vein, our
findings shed further light on the impact of intimate and kin relations on health. This
interpretation is in line with previous research that emphasizes children have salient roles
on the health status of Spanish and Latin American older adults [37,38]. Evidence in China
and Canada yields the beneficial impact of social interactions with friends on the health
of older people [37,39]. Relatedly, the findings on the importance of strong social ties for
health in old age are in accord with the Berkman theory, illustrating that social ties provide
essential emotional and instrumental support at times of illness [40].

Concerning social connections with different types of social ties, our results revealed
that only social contacts with grandchildren were related to health outcomes. In this view,
social connection with grandchildren was positively linked to better cognitive function.
Contrary to expectations, our results showed that more contacts with grandchildren (a
continuous variable) were associated with higher levels of independence in ADLs. As
suggested by Seeman and colleagues [41], we created a binary variable, comparing those
who had 0-2 grandchildren with those who had three or more grandchildren to examine
whether the extreme values or gender differences were the cause of this inverse association.
We ran a separate univariate analysis for males and females, entering the foregoing binary
variable. The results revealed that men who had more contact with grandchildren were less
likely to have ADL dependency (3 = —0.453; 95% CI: 0.417, 0.969), albeit this relationship
was not significant among women. This association is explained by the fact that male older
adults had less functional limitations and more contact with grandchildren compared to
female older adults in our sample. This binary variable was no longer significant after
adjustment for covariates. The continuous variable remained significant in both univariate
and multivariate analyses with a stronger association between social networks and less risk
of limitations in ADL in men than in women. The results of the Survey of Health, Aging,
and Retirement in Europe (SHARE) study [42] lend support to the sex difference in ADL
among older adults in Northern, Eastern, and Western Europe, indicating that female older
adults have a higher risk of ADL dependence than male older adults. This relationship
needs further investigation in other datasets.

Taken together, our findings suggest that social isolation is linked to depression
symptoms and cognitive decline rather than other adverse health outcomes in community-
dwelling older adults. This result coheres with a population-based intervention in Eng-
land [43], indicating that social isolation risk is related to depression and memory decline
but not multiple chronic diseases and difficulties in performing ADLs and IADLs. Another
longitudinal study from England [44] reached the conclusion that neither structural nor
functional aspect of social relationship is associated with ADL limitations over six years.
Evidence from several reviews on social isolation and health demonstrated that the most
researched outcomes in physical health are mortality and cardiovascular diseases [1,45,46].
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In this regard, a rapid review of 40 systematic reviews [46] found strong and consistent
evidence for the association between social isolation and cardiovascular disease and de-
pression, albeit evidence is less strong for other physical health conditions. Interventions
and research studies on depression and cardiovascular diseases highlighted the absence
of social support as an important risk factor for poor health outcomes, emphasizing the
pivotal role of the quality of relationships [1,45].

Overall, the weak or moderate association between social isolation, frailty, and poor
health outcomes is consistent with the available literature, including a scoping review of
26 studies [2], where each social relation promotes health through different mechanisms.
According to this review, few studies support the impacts of both social isolation and frailty
on adverse health outcomes.

Our second hypothesis pertains to the potential moderating role of frailty on the
pathway from social isolation and health. Importantly, our results confirm our hypothesis
that the impact of social isolation on adverse health outcomes differs depending on the
frailty status. More specifically, our results revealed that the associations of receiving less
support from friends and participating less in social activities with mental and cognitive
impairment were stronger in frail than in prefrail and robust older adults. Hence, social
isolation does not seem to promote the functional and mental health status of robust older
adults but may reduce health decline in frail and prefrail older adults. Based on the recent
scoping review [2], only one longitudinal study [47] has investigated the interaction effect
of receiving and providing social support and frailty on mortality. The results revealed a
lower risk of mortality among robust and prefrail older adults who provided social support
to their family ties but not among those who received family support [2,47].

This study was cross-sectional, which limits our understanding of causative rela-
tionships between social isolation, frailty, and health outcomes. Future studies with
longitudinal methods are warranted to capture developmental changes in social isolation
and frailty and their effects on health outcomes over time. In particular, more research
is needed to further explore the direction of the association between contact with family
members and the likelihood of ADL limitations. Despite these limitations, the present
study extends the social isolation domain, focusing on frailty. The notable strengths of the
study include the large and population-based sample; the multicenter nature of the study;
and the use of validated scales for social isolation, frailty, and health outcomes. To the best
of our knowledge, this is the first attempt to focus on frailty as a moderator on the pathway
from social isolation to physical and mental health, incorporating the multidimensional
measure of social isolation across different types of social ties.

From a public health standpoint, the results of our study elucidate the pivotal role of
kin and intimate relationships in old age, and particularly their impacts on mental and
cognitive health. In this respect, several public health policies and programs implicitly
incorporate social connectedness as mechanisms for enhancing older population health and
well-being across the globe. As such, social participation is one of the eight domains of the
Global Network of Age-Friendly Cities and Communities (AFCCs) led by the WHO in 2007.
The WHO decade of Healthy Aging (2020-2030) is another initiative to promote health and
well-being in later life. Several models have been developed in the United States, Canada,
and Europe based on the political priorities and needs of older adults. For example, the
village models of age-friendly communities [48] in the U.S. foster neighborhood social
ties. In Québec, age-friendly cities [49] focus mainly on the social participation of older
adults in communities, addressing social determinants of health. Despite these laudable
efforts on enhancing social interrelatedness in the communities, there is scant evidence
on the effectiveness of these actions and their impacts on the physical or mental health
of older adults. Additionally, the current age-friendly policies focus on the physical
environment but not so far on the social or mental environment [50]. At this juncture, our
results underscore that social isolation influences older adults” mental and cognitive health,
though its association with physical health is notably non-statistically significant except in
some limited instances. Therefore, healthcare policies and public health initiatives could
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benefit from considering explicitly these results in efforts aimed at reducing mental health
problems and cognitive decline among vulnerable older populations. In particular, the
results of our study are highly relevant for health policymakers in the context of the current
coronavirus disease 2019 (COVID-19) pandemic, in which frail older adults are mostly
affected by restriction measures imposed by governments all over the world. Ultimately,
strategies to prevent or lessen the long-term effect of social isolation on older adults” mental
health are of paramount importance post-pandemically.

5. Conclusions

In conclusion, this research study is a novel contribution to the empirical literature
on social gerontology by highlighting the key roles of social ties, perceived support, and
engagement in social activities on promoting mental health in later life, particularly among
frail older adults.
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Abstract: In this study, we measured the convergence rate using the mean-squared error (MSE) of
the standardized neuropsychological test to determine the severity of Parkinson’s disease dementia
(PDD), which is based on support vector machine (SVM) regression (SVR) and present baseline
data in order to develop a model to predict the severity of PDD. We analyzed 328 individuals with
PDD who were 60 years or older. To identify the SVR with the best prediction power, we compared
the classification performance (convergence rate) of eight SVR models (Eps-SVR and Nu-SVR with
four kernel functions (a radial basis function (RBF), linear algorithm, polynomial algorithm, and
sigmoid)). Among the eight models, the MSE of Nu-SVR-RBF was the lowest (0.078), with the highest
convergence rate, whereas the MSE of Eps-SVR-sigmoid was 0.110, with the lowest convergence
rate. The results of this study imply that this approach could be useful for measuring the severity of
dementia by comprehensively examining axial atypical features, the Korean instrumental activities
of daily living (K-IADL), changes in rapid eye movement sleep behavior disorder (RBD), etc. for
optimal intervention and caring of the elderly living alone or patients with PDD residing in medically
vulnerable areas.

Keywords: Parkinson’s disease dementia; instrumental activities of daily living; clinical dementia
rating; convergence rate; neuropsychological tests; neuropsychiatric symptoms

1. Introduction

As the survival rate of patients with Parkinson’s disease (PD) has increased and many
studies on dementia have been conducted, researchers have become more interested in
Parkinson’s disease dementia (PDD). Dementia is a common symptom of patients with PD:
As PD progresses, seven out of 10 patients with PD suffer from dementia [1,2]. Moreover,
compared to PD without dementia, patients with it have a lower survival rate, a higher
risk of experiencing depression [3], and are less responsive to treatment with levodopa
(L-DOPA) [4]. Since patients with PDD are more susceptible to the side effects of drugs
and their functions deteriorate faster than those with PD without dementia, they require a
specialist medical attention [5].

Despite the importance of detecting PDD as soon as possible, it is difficult to accurately
screen for it due to three reasons. First, it is difficult to determine whether a decrease in
instrumental activities of daily living (IADL), an essential item in the diagnosis of dementia,
is caused by a cognitive impairment due to dementia or motor dysfunction due to PD [6].
Second, it is difficult to distinguish whether hallucinations or delusions, the main symptom
of dementia, are due to the side effects from the drug being administered or the symptoms
of PDD. Third, it is difficult to diagnose PDD in the early stages since patients with PD
can have autonomic disturbances, emotional disorders, and/or cognitive impairment [4].
Therefore, selecting a highly sensitive screening test that can accurately discriminate PDD-
induced cognitive decline is an important issue that medical professionals are interested
in [7].
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Meanwhile, evaluating the severity of dementia is critical since only once it has
been accurately diagnosed can a physician select the appropriate drugs [8], develop a
treatment plan [8], explain the patient’s current condition and offer appropriate caregiving
guidelines [9], and discuss prognosis. The clinical dementia rating (CDR) scale [10] has
been widely used worldwide as an effective tool for determining the severity of dementia.
Although the CDR scale is a commonly-used gold standard, it has several limitations [11]:
(1) It takes a lot of time and effort since it must be evaluated through an interview with the
guardian; (2) since the questions (items) used to measure the grade (severity of dementia)
are inclusive (over a wide range), it is difficult for the medical professional to obtain all of
the relevant information about a patient by asking the caregiver to answer these questions;
(3) ambiguity can occur since some of the items are too abstract and in some cases, medical
professionals cannot judge the progression of dementia; and (4) it does not reflect fine
changes in the patient’s condition. Most of all, evaluating the CDR scale results requires a
specialist, but elderly people living alone or in medically vulnerable areas often have poor
access to medical care [5]. Consequently, if it is possible to predict the CDR scale result
for a moderate level of PDD solely using the results of a standardized neuropsychological
examination without an interview with the guardian, it will help greatly in identifying the
severity of dementia in individuals from medically vulnerable groups such as the elderly
living alone.

It has been reported that the severity of dementia is related to demographic factors
such as age, the duration of the illness, depression, and motor symptoms such as akinetic-
rigidity, and postural instability-gait disturbance, in addition to the neuropsychological
profile [12,13]. Therefore, developing a data-mining model that includes these various
confounding variables is of great interest and usefulness, and recently, support vector
machines (SVMs) have been widely used to explore complex risk factors of diseases [14,15].
The approach has the advantages of less overfitting of probability compared to using
decision trees [16] and classifying nonlinear data is possible [17]. Therefore, SVM regression
(SVR) was applied to determine the severity of PDD by identifying the convergence rate
based on the mean-squared error (MSE) of the standardized neuropsychological test, and
baseline data were used to develop a model to predict the severity of PDD.

2. Materials and Methods
2.1. Data Source

Secondary data were used in the study comprising “Patients with Parkinson’s Disease
Dementia Clinical Epidemiology Data (PDE) registry” conducted by the National Biobank
of Korea and the Korean Centers for Disease Control and Prevention (K-CDC). The PDE
registry comprises nationwide clinical data collected under the supervision of the K-CDC
from 14 university hospitals nationwide including those in Seoul and Busan from January
to December 2015. The PDE registry includes demographic factors, disease history, health
habits, neuropsychological tests, Parkinson’s disease-related motor symptoms, and sleep
behavior disorder (SBD) test results (see Byeon et al. [18] for more details). This study was
approved by the Research Ethics Review Committee of the National Biobank of Korea and
K-CDC (no. KBN-2019-1327; no. KBN-2019-005).

PDD has been designated as idiopathic Parkinson’s disease according to the diagnostic
criteria of the United Kingdom Parkinson’s Disease Society Brain Bank [19]. The diagnostic
criteria for probable PDD have been suggested by the Bubois et al. [20]. When causes of
cognitive impairment other than PD (e.g., hydrocephalus and vascular Parkinsonism) were
found in magnetic resonance imaging (MRI) scans, the subject was excluded from the study.
Among 335 patients with PDD who were 60 years or older, we excluded seven patients with
missing data (non-response or discontinued testing) from the CDR scale data measured
by a neurologist and analyzed 328 patients with PDD. Explanatory variables included
rapid eye movement (REM), SBDs, PD-related motor signs, demographic variables, disease
history, a family history of PD, the Schwab and England Activities of Daily Living (ADL)
score [21], the Korean Montreal Cognitive Assessment (K-MoCA) score [22], the Korean
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Mini-Mental State Examination (K-MMSE) score [23], the Korean IADL (K-IADL) score [24],
the Unified Parkinson’s Disease Rating Scale (UPDRS) motor score [25], the UPDRS total
score [26], and Hoehn and Yahr (H&Y) stage [27].

2.2. Methods

The SVM was operated by finding the most optimal hyperplane that separates data
into several classes by applying the maximum margin [28]. For a set of training data where
xy is a multivariate set of N observations with observed response values y, {(x;y;)}}, we
apply the regression function f(x) to optimally approximate the given y value as follows:

f(x) ={(w,x)b;we X, bER, 1)
w and b in Equation (1) can be optimized via the following transformation:

1. 5 1 yi— (wx;) +b <e+§
minimize E lwl|*+ C Y (& + & )subjectto { (w, x;) —b—y; <e+&+E , (2
i=1 & & > 0

where C is a compromise between the empirical error and the general term (3 || wl[?) and
¢ is an epsilon tube indicating the tolerance of the error. A general constant is used for
empirical error estimation and an increase in C indicates an increase in the relative weight
of the empirical error within the total error. Moreover, if ¢ is too small, it induces overfitting
of the regression model.

The regression function in Equation (1) can be expressed by using Lagrangian multi-
pliers and optimal constraints as follows:

I
fx,a,af) =Y (a4 —af)K(x,x;) + b, 3
=

1

where K(x, x;) is a kernel function. Equation (3) effectively evaluates the nonlinear in-
terrelationship between samples of the training data by expressing them in an internal
form [28].

We used the R statistical package (version 4.0.1) for all analyses. To identify the SVR
with the best prediction power, we compared the classification performance (convergence
rate) of eight SVR models (epsilon-SVR (Eps-SVR) and Nu-SVR with four kernel functions
(a radial basis function (RBF), linear algorithm, polynomial algorithm, and sigmoid)). At
this time, the convergence rate was determined using the MSE, a loss function based on
the mean of the squared error (residual) between the predicted value and the actual value
as follows:

(vi — )% (4)

™=

1
n

Il
-

1

This measure allows users to evaluate the similarity between the predicted and actual
values to assess the predictive power of the regression model: A smaller value indicates a
more accurate model.

3. Results
3.1. The General Characteristics of the Subjects

The results of the descriptive analysis on the general characteristics of the 328 PD
subjects show that their mean age was 71.9 years old (standard deviation (SD) = 6.1), the
mean education period was 7.2 years (SD = 5.0), and the mean age at the time of the initial
PD diagnosis was 70.5 years (SD = 6.2). The results also indicate that 75.9%, 17.7%, 4.3%,
and 2.1% of the subjects had a CDR of 0.5 or less, 1.0, 2.0, and 3.0 or higher, respectively.
Density plots showing the distribution of the subjects’ neuropsychological test results are
presented in Figure 1.
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Figure 1. Density plots showing the distribution of the subjects” neuropsychological test results: (a) Schwab and England
activities of daily living (ADL) score, (b) Korean montreal cognitive assessment (K-MoCA) score, (c) Korean mini-mental
state examination (K-MMSE) score, (d) Korean instrumental activities of daily living (K-IADL) score, (e) Unified Parkinson’s
disease rating scale (UPDRS) (motor score), (f) UPDRS (total score), and (g) Hoehn and Yahr (H &Y) stage. The kernel
density curve has a probability of 1 if all are added and the curves have been smoothed. The x-axis is the score for each test.
Dark blue color = 50% highest density interval (HDI); green color = 95% HDI; red color = 99% HDI.

3.2. Comparing the Convergence Rate of Dementia Severity Prediction Model with the SVR
Classification Algorithm

Since the convergence rate (performance) of the predictive model can be affected by
the kernel type, we developed predictive models using Eps-SVM and Nu-SVM with four
kernel functions (an RBF, linear algorithm, polynomial algorithm, and sigmoid) to measure
the convergence rate according to various kernel types. A comparison of the MSEs of the
eight SVMs is reported in Table 1 and Figure 2. The analysis results reveal that the MSE of
Nu-SVR-RBF was the lowest (0.078) with the highest convergence rate, whereas the MSE
of Eps-sigmoid SVR was 0.110 with the lowest convergence rate.
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Table 1. Comparison of the convergence rates of the dementia severity predictive model according to
the support vector machine regression (SVR) and kernel function.

SVR Kernel Function

Linear Polynomial RBF Sigmoid
Eps 0.101 0.095 0.079 0.110
Nu 0.079 0.102 0.078 0.091
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Figure 2. Five-fold cross-validation results of the dementia severity predictive model by the SVR
algorithm. (a) epsilon-SVR (Eps-SVR)-linear, (b) Eps-SVR-polynomial, (¢) Eps-SVR-radial basis
function (RBF), (d) Eps-SVR-sigmoid, (e) Nu-SVR-linear, (f) Nu-SVR-polynomial, (g) Nu-SVR-RBF,
and (h) Nu-SVR-sigmoid.
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Factors

Atrial fibrillation_yes

3.3. Factors Related to the Severity of PDD Using the SVR Models

We determined that Nu-SVR-RBF with the lowest MSE was the optimal model for
predicting the severity of PDD. The functional weight values are presented in Figure 3.
Although it is not possible to compare the absolute value of the influence of each factor
using the functional weight value, it is possible to determine whether the relationship
between the factor and the outcome variable is positive (a risk factor) or negative (a
preventive factor). Using 22 support vectors, the Nu-SVR-RBF model showed that K-
IADL, total UPDRS, motor UPDRS, tremor, postural instability, age, age at diagnosis of PD,
education level (high school graduation or higher), a family history of PD, pack year (21-40),
coffee drinker, TBI, atrial fibrillation, RBD, and depression had positive relationships with
the severity of dementia.
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Figure 3. Functional weights of the major variables in the Nu-SVR-RBF model.

4. Discussion

We developed an SVR-based model for predicting the severity of PDD in patients
using data from a nationwide clinical data registry. The results of this study showed that
K-TADL, total UPDRS, motor UPDRS, tremor, postural instability, age, age at diagnosis
of PD, education level above high school graduation, a family history of PD, pack year
(21-40), coffee drinker, TBI, atrial fibrillation, RBD, and depression were major predictors
of the severity of PDD. The results of previous studies in which the researchers explored
the factors related to PDD reveal that major risk factors and influencing factors inducing
PDD can be divided into two groups [29,30]. First, older patients had a higher risk of
PDD occurrence and severe cognitive impairment. Second, when the trunk shows axial
atypical features including the posture and behavior of the patient as phenotypical of PD,
the occurrence of PDD and the severity of cognitive impairment increases [31,32]. Our
findings also indicate that PD symptoms such as K-IADL and postural instability, as well
as socio-demographic factors such as age, gender, and educational level are indicators of
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the severity of PDD, which is consistent with the results of [33,34]. Our findings imply that
our model could be useful for identifying the severity of dementia by comprehensively
examining the axial atypical features, K-IADL, and changes in RBD, etc. for optimal inter-
vention and caring of the elderly living alone or patients with PDD residing in medically
vulnerable areas.

PDD, which requires continual treatment, induces a heavy social and economic burden
due to caring and medical expenses, and so requires active government support. However,
unlike dementia and stroke, the public’s perception of PDD is much lower in South Korea
than in other countries such as the US and Japan [35]. To make matters worse, there
have only been a few epidemiological studies on PD in South Korea [36] and even fewer
on evaluating the relationship between PD symptoms, the cognitive level of PDD, and
the severity of PD [37]. Therefore, based on the results of the present study, additional
longitudinal studies using a large cohort are required to develop an efficient indicator for
predicting the severity of PDD.

Another important finding of this study was that the MSE of Nu-SVR-RBF was the
lowest among the convergence rates of eight SVR-based predictive models with four
kernel functions (linear, polynomial, RBE, and sigmoid). The performance of SVM is
largely dependent on the kernel function and the parameters constituting it [28]. Lamorski
et al. [38] also created a Nu-SVM-RBF model with high prediction accuracy. They argued
that a linear kernel algorithm with SVM is only suitable when the sample size for the
training data items is large and recommended using Nu-regression-RBF when the sample
size of the training data is small. Therefore, this was implied that when analyzing data on
less than 400 people using SVR (such as the PDD clinical data registry used in this study),
developing a predictive model using Nu-SVR-RBF has the highest probability of deriving
the best convergence rate.

The importance of this study is that we evaluated the severity of PDD by consider-
ing various factors such as the neuropsychological profile, demographic factors, disease
symptoms, PD motor problems, and depression. The limitations of the study are as follows.
First, although we included general cognitive screening tests such as MMSE and K-MoCA,
we did not conduct tests for specific cognitive functions. Since [39] reported a relationship
between the deficit of a specific cognitive domain and the progress of PDD, future studies
are needed to develop a predictive model for the severity of PDD by including tests for
specific cognitive functions such as language and executive functions. Moreover, it is
necessary to evaluate the relationship between specific cognitive domains. Second, the
sample in this study was not collected by systematic sampling since we used data from
hospitals across the country. Hence, we must develop a predictive model by sampling
subjects systematically to enable generalization of the results. Third, we did not evaluate
biomarkers or genomes. To more sensitively predict the severity of PDD, we must develop
a predictive model based on a multi-modal approach that includes genomic data and
biomarkers in addition to cognitive tests. Fourth, since this was a cross-sectional study,
we could not have identified causal relationships even for factors related to PDD. Further
longitudinal studies are needed to prove the causal relationships of the risk and influencing
factors identified in this study.

5. Conclusions

The CDR scale cannot accurately measure the severity of dementia in the elderly, who
have reduced cognitive ability and live alone or in medically vulnerable areas, since it
is measured by a specialist based not only by directly interviewing the patient but also
collecting the collateral information from the guardian. The results of this study imply
that the changes in PD motor symptoms, K-IADL, and RBD could be used as the basis
for predicting the severity of PDD. Furthermore, it is necessary to develop a multi-modal
screening test that can effectively determine the severity of PDD at an early stage based on
the risk and preventive factors derived from the developed predictive model in order to
maintain the cognitive health of patients with PD.
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Abstract: This epidemiological study aimed to develop an X-AlI that could explain groups with a
high anxiety disorder risk in old age. To achieve this objective, (1) this study explored the predictors
of senile anxiety using base models and meta models. (2) This study presented decision tree visual-
ization that could help psychiatric consultants and primary physicians easily interpret the path of
predicting high-risk groups based on major predictors derived from final machine learning models
with the best performance. This study analyzed 1558 elderly (695 males and 863 females) who were
60 years or older and completed the Zung's Self-Rating Anxiety Scale (SAS). We used support vector
machine (SVM), random forest, LightGBM, and Adaboost for the base model, a single predictive
model, while using XGBoost algorithm for the meta model. The analysis results confirmed that the
predictive performance of the “SVM + Random forest + LightGBM + AdaBoost + XGBoost model
(stacking ensemble: accuracy 87.4%, precision 85.1%, recall 87.4%, and F1-score 85.5%)” was the best.
Also, the results of this study showed that the elderly who often (or mostly) felt subjective loneliness,
had a Self Esteem Scale score of 26 or less, and had a subjective communication with their family of 4
or less (on a 10-point scale) were the group with the highest risk anxiety disorder. The results of this
study imply that it is necessary to establish a community-based mental health policy that can identify
elderly groups with high anxiety risks based on multiple risk factors and manage them constantly.

Keywords: explainable artificial intelligence; machine learning; stacking ensemble; Self-Rating
Anxiety Scale; multiple risk factors

1. Introduction

Anxiety, which is defined as a disorder causing difficulties in daily life due to excess
worry, fear, and hyperarousal, is known as one of the most common mental disorders
worldwide [1]. It was reported that one in five Americans suffered from anxiety disor-
ders [2] and the lifetime prevalence of anxiety disorders was 9.3% in South Korea [3].
The number of patients with an anxiety disorder is rapidly increasing in South Korea:
the number of patients treated for an anxiety disorder increased from 533,619 in 2014 to
690,735 in 2018, a 29.4% increase in five years [3]. Particularly, the incident rate of anxiety
disorders by age group showed that the number of treated patients per 100,000 increased
the most (15% increase) from 2014 to 2018 in the elderly group (>60 years old), and the
result suggested that the elderly experienced anxiety frequently and that anxiety disorder
was a rapidly increasing mental illness.

A number of epidemiologic studies [3-5] have reported that the prevalence of anx-
iety disorders in the elderly is lower than that of the young/prime-aged. In particular,
Gum et al. (2009) [5] examined a community-based epidemiologic survey and showed
that the prevalence of anxiety disorders was 20.7% in the 18—44 years old group, 18.7%
in the 45-64 years old group, and 7.0% in the 65 years old or older group, indicating that
that of the elderly was the lowest. However, it is believed that the actual prevalence of
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anxiety disorders in the elderly may be higher than the reported, when considering the
fact that the elderly are reluctant to recall and report psychiatric symptoms or often tend
to express the symptoms in physical terms [6]. The elderly are at very high risk of experi-
encing anxiety because (1) they face a lot of social stress such as bereavement, retirement,
economic hardship, and abuse from people around them, (2) they are vulnerable to anxiety
due to neuro-biological changes in the brain as a result of aging, (3) they are more likely
to experience the fear of death in the senescence, and (4) they suffer from more physical
diseases than younger people and are taking a lot of drugs [7]. Nevertheless, since the
elderly perceive emotional problems such as depression and anxiety as a result of aging
and they do not seek medical assistance actively, a small number of them are diagnosed
with an anxiety disorder and treated [8]. Anxiety disorders can be treated by drugs, using
anti-anxiety drugs such as buspirone, or psychotherapy [9]. Therefore, it is important
to identify factors associated with anxiety and detect and manage people who are very
vulnerable to anxiety as soon as possible.

It is highly likely that anxiety is affected by social factors as well as the physical and
psychological problems of individuals [10]. Therefore, it is necessary to consider environ-
mental factors such as social factors and social networks, in addition to sociodemographic
characteristics, when identifying factors related to anxiety. It is unavoidable that the capa-
bility to emotionally cope with social and environmental changes is more vulnerable in
old age, when people tend to be highly dependent on social factors in terms of economic,
physical, and mental health [11,12]. Moreover, the risk factors of anxiety are complex and
more likely to cluster with each other [11,12]. Therefore, it is important in public health
science to understand the characteristics of anxiety in old age, considering that South Korea
is facing a super-aged society. It is clear that the elderly are vulnerable to anxiety and
anxiety disorder is a common disease in the elderly. However, only a few studies have
evaluated the risk factors of anxiety disorder in old age while considering social factors
and social network as well as sociodemographic characteristics and personal characteristics
compared to other mental disorders, such as cognitive disorders [7].

Many recent studies [13,14] have used machine learning based on big data to identify
the risk factors of a disease while considering multiple risk factors. However, employing a
single machine learning technique may show lower prediction performance, depending
on the used algorithm, and it is possible to induce errors because the bias existing in
each algorithm can affect the prediction result. For example, a decision tree model such
as Iterative Dichotomiser 3 (ID3) is very useful for making simple decisions, however,
when tree models are complicated, it has lower prediction power and it poses a risk of
result instability (possibility of deriving different results in iterated analysis) [15]. As an
alternative method to overcome this limitation, many studies have developed predictive
models using various machine learning techniques and combined them into a stacking
ensemble learning model to reduce the risk of bias that individual models may have [16-18].

On the other hand, when developing a predictive model using medical data, explana-
tory power (interpretation) of the results is important in addition to accuracy. Recently, one
important issue in medical artificial intelligence (AI) is to develop eXplainable Artificial
Intelligence (X-AlI) that can explain and present decisions made by Al'in a form that can
be understood by humans [19]. In the case of image classification, which is unstructured
data, new methods such as learning deep explanation or gradient-class activation map
(Grad-CAM) have been developed and used in various fields [20]. In the case of structured
data, such as examination data, Carvalho et al. (2019) [21] and Wang et al. (2019) [22]
introduced a method of presenting the key predictors derived from machine learning
with decision tree visualization as an alternative way to increase the interpretability of
the black box model. This epidemiological study aimed to develop an X-Al that could
explain groups with a high anxiety disorder risk in old age. To achieve this objective, (1)
this study explored the predictors of senile anxiety using base models and meta models.
(2) This study presented decision tree visualization that could help psychiatric consultants
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and primary physicians easily interpret the path of predicting high-risk groups based on
major predictors derived from final machine learning models with the best performance.

2. Materials and Methods
2.1. Data Source

This study is a secondary data use study using the Korean Psychosocial Anxiety (KPA)
Survey, a national survey. The KPA survey was conducted from August to September
2015 under the supervision of the Korea Institute for Health and Social Affairs. This study
stratified 17 cities and provinces in South Korea using the population data of the statistical
yearbook (complete enumeration) of the Ministry of Safety and Public Administration as
of June 2015, and sampled by using the quota sampling method while considering the
composition ratios of gender, age, and residential region. This study selected 200 eup,
myeon, or dong for sampling sites using the probabilities proportional to size (PPS) method
by treating 3552 eup, myeon, or dong in South Korea as the population. This study applied
PPS after sorting cities, counties, and districts based on the administrative district code
to secure the randomness of the samples. After choosing 200 sample sites, we visited the
selected sample sites and chose the fifth household from the community center of each
eup, myeon, and dong. As a result, this study surveyed 7000 adults who were 19 years
or older. A surveyor who received survey training visited the sample household and
conducted a 1:1 survey based on a computer assisted personal interview. This study was
approved by the Clinical Research Ethics Committee of University H (No. 20180042). This
study analyzed 1558 elderly (695 males, and 863 females) who were 60 years or older
and completed the Zung’s Self-Rating Anxiety Scale (SAS) [23], which was translated into
Korean and standardized.

2.2. Measurement and Definition of Variables

The anxiety disorder, an outcome variable, was measured using the Korean version
of SAS [23], which is a translated and standardized version of Zung’s SAS [24]. SAS is
a self-reporting test that encompasses emotional and psychophysiological aspects. It is
a widely used standardized screening test that can easily measure anxiety disorders in
healthy people [25]. The SAS consists of a 4-point Likert scale composed of 20 items,
and the total score is 80 points. A higher score indicates more severe anxiety symptoms.
When developing the Korean version of SAS, the Cronbach alpha value, indicating internal
consistency, was 0.96, and the overall accurate discrimination rate, discriminating between
healthy patients and patients with anxiety, was 93.7% [24]. In this study, the threshold of
the anxiety disorder was set as 45 points.

Referring to previous studies [26-30], explanatory variables of this study included
age, self-esteem, alcohol use disorder (normal drinker, high-risk drinker, or alcohol use
disorder), subjective loneliness (very rare, occasionally lonely, often lonely, or mostly
lonely), the experience of suicidal urge over the past year (yes or no), subjective frequency
of communication with neighbors and friends (10-point scale; a higher score means more
frequent communication), subjective frequency of communication with other family mem-
bers (10-point scale), subjective satisfaction with help (support) from neighbors (yes or no),
regular club activities (yes or no), perceived social support, subjective trust satisfaction
with neighbors (yes or no), subjective satisfaction in the safety level of the neighborhood
(yes or no), subjective satisfaction in the living environment of the neighborhood (yes or
no), subjective satisfaction in the medical service of the region (yes or no), mean monthly
household income (<KRW 2 million, >KRW 2 million and <KRW 3 million, or >KRW
3 million), the highest level of education (middle school graduation or less, or high school
graduation or more), residential area (urban or rural), subjective satisfaction with the
public transportation environment in the neighborhood, job/income instability (10-point
scale), instability of preparation for old age (10-point scale), living safety instability (10-
point scale), physical health instability (10-point scale), cognitive health (e.g., dementia)
instability (10-point scale), family relationship and dissolution instability (10-point scale),
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instability in family support and caregiving (10-point scale), instability in relationship with
neighbors (10-point scale), online privacy infringement and personal information leakage
instability (10-point scale), instability in the spread of high-risk new infectious disease (e.g.,
Middle East Respiratory Syndrome and Coronavirus) (10-point scale), economic recession
and growth slowdown instability (10-point scale), environmental destruction and natural
disaster instability (10-point scale), political and international relations (e.g., North Korea)
instability (10-point scale), crime instability such as abuse and violence (10-point scale),
social safety net vulnerability instability (10-point scale), low fertility and aging instability
(10-point scale), instability in conflicts between classes, groups, and generations (10-point
scale), your and your family’s experience of being a victim of a crime over the past year
(yes or no), awareness of mental health promotion services provided by public health
centers and/or mental health promotion centers (yes or no), and experiences of using
mental health promotion services provided by public health centers and/or mental health
promotion centers (yes or no).

The alcohol use disorders identification test (AUDIT) [31] is an alcohol use disorder
screening test developed by the World Health Organization for the purpose of pre-screening
drinkers at risk and reducing harmful effects through intervention in diseases that may
be caused by excessive drinking as soon as possible. The AUDIT consisted of 10 items
(total score is 40 points): 0 to 15 points were classified as normal drinkers, 16 to 19 points
were high-risk drinkers, and 20 points or more were classified as alcohol use disorder.
Self-esteem was measured using the Self Esteem Scale (SES) [32] developed by Rodenburg
(1965). The SES consisted of 10 items (total score is 40 points), and a lower score was
interpreted as lower self-esteem.

2.3. Development of Machine Learning Using Stacking Ensemble

This study used SVM and ensemble learning (i.e., random forest, LightGBM, and
Adaboost) as the base model (single model). The first goal of this approach was to compare
the predictive performance (accuracy) of the single model (base model), because previous
studies [13,17,18,21,22,33], which tried to predict diseases using single machine learning,
commonly used them and reported them as highly-accurate models. The second goal was
to explore the stacking model with the best predictive performance by combining different
base models and the meta model.

2.3.1. Base Model: Support Vector Machine (SVM)

SVM is a machine learning algorithm that finds the optimal decision boundary through
linear separation that optimally separates the hyperplane [33]. SVM solves the nonlinear
problem related to the input space (e.g., 2D) by transforming it into a high-dimensional
feature space. For example, A = [a, d] and B = [b, c] are not linearly separable in 2D,
however, when they are mapped in 3D, they can have a linearly separable feature. Thus,
when adequate nonlinear mapping is conducted to a sufficiently large dimension, data
with two classes can always be separated in the maximum-margin hyperplane (Figure 1).
This separation boundary maximizes the separation between the two classes, and the
training data closest to this boundary is defined as a support vector. Since SVM can
model complex nonlinear decision-making domains, it is more accurate than other machine
learning techniques and is less likely to cause an overfitting issue, which are advantages
of this method [34,35]. This study chose the Gauss function (radial basis function), using
parameter C (unit cost), for the SVM’s algorithm.

206



Int. ]. Environ. Res. Public Health 2021, 18, 7625

Figure 1. Concept of hyperplane in SVM [35].

2.3.2. Base Model: Random Forest

Random forest is an algorithm that randomly learns multiple decision trees. It repeats
random sampling for predictors and observations to create multiple decision trees. After
obtaining prediction categories from numerous decision trees, the final category prediction
is determined by a majority vote method. It can iteratively build independent decision trees
by giving randomness to decision tree formation. This method can reduce prediction errors
and it uses bootstrapping for random selection of predictors and observations [36]. In this
study, 30 was the number of maximum leaf nodes, 10 was the maximum depth of tree,
and 500 was the number of decision trees for fitting that were used as hyperparameters of
random forest. The concept of random forest is presented in Figure 2.

Training Subsets s
LA LA

Clags-l
- -
Class-2 7’

Figure 2. The concept of random forest [37].

2.3.3. Base Model: LightGBM

LightGBM algorithm is a high-performance algorithm based on a decision tree al-
gorithm and is mainly used for machine learning in order to rank or classify. GBM is
inefficient in terms of training speed and memory consumption when it is applied to big
data containing high-dimensional variables, which is a shortfall. To overcome this disad-
vantage, Microsoft introduced LightGBM, which rapidly calculates information gain using
a portion of the data using Gradient-based One-Side Sampling (GOSS) and reduces features
using exclusive feature bundling (EFB), in 2017 [38]. LightGBM splits the tree leaf-wise,
unlike other boosting algorithms that split based on the depth or level of trees based on
a decision tree algorithm. Therefore, when growing on the same leaf in LightGBM, the
leaf-wise algorithm can reduce the loss better than the level-wise algorithm. In this study,
learning rate for each lightGBM = 0.3, regularization term on weights = 0.1, colsample,
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subsample ratio of columns = 0.8, subsample ratio of the training instances = 0.8 were used
as hyperparameters of light GBM.

2.3.4. Base Model: Adaboost

Adaboost is a learning technique that ultimately generates a strong classifier by
iteratively training very weak classifiers using samples from two classes. It trains weak
classifiers by giving the same weight to all samples and improves the performance of weak
classifiers by increasing the weight of samples that were determined to be misclassified in
the basic classifier as the steps progress. The concept of Adaboost’s algorithm is presented
in Equation (1). In this study, learning rate for each Adaboost = 0.3, regularization term on
weights = 0.1, colsample, subsample ratio of columns = 0.8, subsample ratio of the training
instances = 0.8 were used as hyperparameters of Adaboost.

Given: (x1,41), --. , (Xm, ym) where x; € X, y; € {—1,+1}.

Initialize: Dy (i) = 1/mfori=1,... ,m.

Fort=1,...,T:

Train weak learner using distribution Dj.

Get weak hypothesis h; : X — {—1,+1}.

Aim: select iy with low weighted error: ; = Pr;p, [h:(x;) # yil.

e Choose a; = %ln(l’”).

£t

e Update, fori=1,... ,m:

_ Dy (i) exp(—aryihe(x;))
Zy

Dyy1(i)

where Z; is a normalization factor (chosen so that D;, 1 will be a distribution).
Output the final hypothesis:

T
H(x) = sign(Z Défht(?()). 1)

t=1

2.4. Meta Model: XGBoost

This study predicted anxiety disorder in old age through the stacking ensemble
technique. The stacking ensemble is better than recent single predictive models in terms
of generalization and robustness, and it has been used for classification and prediction in
various fields [16-18]. This method generates a new model by combining different various
models as if stacking them in multiple layers, and it goes through two stages (base and
meta). It improves the performance of the final model by taking the strength of each model
and compensating for the weakness of each model [39].

This study used SVM, random forest, LightGBM, and Adaboost for the base model, a
single predictive model, while using XGBoost algorithm for the meta model. XGBoost is
a method to increase the reliability of the base model while maximizing its stability [40].
Lin et al. (2018) [41] also reported that the accuracy was improved compared to a sin-
gle predictive model when applying XGBoost to a stacking ensemble model. Thus, this
study also used XGBoost as a meta model. In this study, learning rate for each tree = 0.3,
regularization term on weights = 0.001, colsample, subsample ratio of columns = 0.8, sub-
sample ratio of the training instances = 0.8, maximum depth of tree = 10 were used as
hyperparameters of XGBoost. Finally, this study developed four base models and five stack-
ing ensemble models (SVM + XGBoost, random forest + XGBoost, LightGBM + XGBoost,
Adaboost + XGBoost, and SVM + RF + LGBM + AdaBoost + XGBoost) to predict anxiety
disorders in old age (Figure 3).
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Figure 3. Process flow diagram for predictive models.

2.5. Validation of Model’s Predictive Performance

The predictive performance of the nine developed machine learning models was
validated using seven-fold cross-validation. This method randomly divides the entire
sample into seven groups of equal size, and treats one group as a validation dataset and
others as training datasets. It repeats this process seven times to prove the validity of the
learning. This study used accuracy, precision, recall, and F1-score as indices to evaluate
predictive performance. The calculation formula of each evaluation index is presented
in Equation (2).

True positive = It is actually an anxiety disorder, and the predicted outcome

is an anxiety disorder.

False negative = It is actually an anxiety disorder, but the predicted outcome is normal.

False positive = It is actually normal, and the predicted outcome is an anxiety disorder.

True negative = It is actually normal, and the predicted outcome is normal. (2)
Recall = TP/(TP + EN)

Precision = TP /(TP + FP)

Accuracy = (TP + TN)/(TP + FP + EN + TN)

Fl1-score = 2 * (Recall * Precision)/(Recall + Precision)

This study assumed that a model with the highest F1-score was the best predictive
performance. If the Fl-score was the same, a model with the highest recall was assumed as
the best model. All analyses were performed using Python version 3.8.6 (https:/ /www.
python.org (accessed on 21 June 2021).

3. Results
3.1. General Characteristics of Subjects

The general characteristics of the subjects are presented in Table 1. The prevalence
of the anxiety disorder among the elderly in South Korea was 17.2%. The results of the
chi-square test showed that the elderly with a depressive disorder and the elderly without
a depressive disorder had significant (p < 0.05) self-esteem, subjective loneliness, subjective
satisfaction with help from neighbors, subjective satisfaction of the medical service of the
region, regular club activities, the experience of suicidal urge over the past year, subjective
trust satisfaction with neighbors, subjective frequency of communication with neighbors
and friends, alcohol use disorder, subjective satisfaction in the living environment of the
neighborhood, subjective satisfaction in the safety level of the neighborhood, age, subjective
frequency of communication with other family members, the highest level of education,
mean monthly household income, subjective level of discussion and consultation with
neighbors and friends, your and your family’s experience of being a victim of a crime
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over the past year, income instability, instability of preparation for old age, living safety
instability, physical health instability, mental health instability, family relationship and
dissolution instability, instability in child education, family support, and caregiving, insta-
bility in relationship with neighbors, instability in the spread of high-risk new infectious
disease, economic recession and growth slowdown instability, crime instability such as
violence, social safety net vulnerability instability, low fertility and aging instability, and
instability in conflicts between classes, groups, and generations.

Table 1. The general characteristics of the subjects: univariate analysis.

Anxiety Disorder
Variables r
No (n =1290) Yes (n = 268)
Residential area 0.621
Urban 981 (83.1) 200 (16.9)
Rural 309 (82.0) 68 (18.0)
Highest level of education <0.001
Middle school graduation or less 804 (79.6) 206 (20.4)
High school graduation or more 486 (88.7) 62 (11.3)
Mean monthly household income 0.001
<KRW 2 million 739 (80.1) 184 (19.9)
>KRW 2 million and <KRW 3 million 248 (84.9) 44 (15.1)
>KRW 3 million 303 (88.3) 40 (11.7)
Subjective loneliness <0.001
Very rare 653 (95.1) 34 (4.9)
Occasionally lonely 530 (82.9) 109 (17.1)
Often lonely 100 (47.6) 110 (52.4)
Mostly lonely 7 (31.8) 15 (68.2)
Subjective satisfaction with help from neighbors <0.001
Yes 915 (85.7) 153 (14.3)
No 375 (76.5) 115 (23.5)
Self-esteem, the experience of suicidal urge over the past year <0.001
Yes 66 (47.1) 74 (52.9)
No 1224 (86.3) 194 (13.7)
Subjective trust satisfaction with neighbors <0.001
Yes 1153 (85.7) 193 (14.3)
No 137 (64.6) 75 (35.4)
Alcohol use disorder <0.001
Normal drinker 685 (83.8) 132 (16.2)
High-risk drinker 225 (80.9) 53(19.1)
Alcohol use disorder 5(38.5) 8 (61.5)
Subjective satisfaction of the living environment of the neighborhood <0.001
Yes 1032 (85.9) 169 (14.1)
No 258 (72.3) 99 (27.7)
Subjective satisfaction of the safety level of the neighborhood <0.001
Yes 1104 (85.9) 181 (14.1)
No 186 (68.1) 87 (31.9)
Subjective satisfaction of the medical service of the region 0.007
Yes 947 (84.4) 175 (15.6)
No 343 (78.7) 93 (21.3)
Regular club activities 0.001
Yes 421 (87.7) 59 (12.3)
No 869 (80.6) 209 (19.4)
Your and your family’s experience of being a victim of a crime over the past year <0.001
Yes 28 (56.0) 22 (44.0)
No 1206 (84.5) 221 (15.5)
Awareness of mental health promotion services provided by public health centers 0.662
and/or mental health promotion centers :
Yes 330 (82.1) 72 (17.9)
No 960 (83.0) 196 (17.0)
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Table 1. Cont.

Anxiety Disorder
Variables 4
No (n =1290) Yes (n = 268)
Experiences of using mental health promotion services provided by public health 0372
centers and /or mental health promotion centers ’
Yes 95 (79.8) 24 (20.2)
No 1195 (83.0) 244 (17.0)
Age, mean & SD 67.77 £5.53 69.01 +5.50 0.001
Subjective frequency of communication with other family members, mean + SD 6.40 £ 1.53 5224191 <0.001
Subjective frequency of communication with neighbors and friends, mean + SD 6.18 £ 1.56 523 +1.79 <0.001
Self esteem scale, mean + SD 29.28 +3.21 26.13 £+ 3.35 <0.001
Subjective frequency of communication with neighbors and friends (10 points scale) 5.90 + 1.54 516 = 1.84 <0.001
Job/income instability (10-point scale) 5.07 +1.84 5.86 +2.14 <0.001
Instability of preparation for old age (10-point scale) 6.29 +£2.16 727 +1.71 <0.001
Living safety instability (10-point scale) 4.66 1+ 2.04 534 +1.87 <0.001
Physical health instability (10-point scale) 6.17 £2.14 7.02 £2.08 <0.001
Cognitive health instability (10-point scale) 486 +£2.11 6.33 £ 1.95 <0.001
Family relationship and dissolution instability (10-point scale 3.79 £223 531 +214 <0.001
Instability in family support and caregiving (10-point scale) 3.71 £2.28 4.45+247 <0.001
Instability in relationship with neighbors (10-point scale) 3.45+£217 427 £215 <0.001
Online privacy infringement and persosrée;llér)\formatlon leakage instability (10-point 376 4+ 237 349 4231 0.094
Instability in the spread of high-risk new infectious disease (10-point scale) 6.35 & 1.96 6.74 £ 1.66 0.003
Economic recession and growth slowdown instability (10-point scale) 6.42 +1.87 6.69 + 1.80 0.032
Environmental destruction and natural disaster instability (10-point scale) 547 +1.88 5.66 + 1.61 0.130
Political and international relations instability 5.63+1.92 528 +£2.02 0.993
Crime instability such as abuse and violence (10-point scale) 528 +£2.02 573 £2.03 0.001
Social safety net vulnerability instability (10-point scale) 5.37 £2.03 579 £1.97 0.002
Low fertility and aging instability (10-point scale) 5.38 +2.12 5.75 + 2.06 0.010
Instability in conflicts between classes, groups, and generations (10-point scale) 5.03 £ 2.02 5.33 £2.01 0.027

3.2. Comparing the Accuracy of Predictive Models for the Anxiety Disorder in Old Age

Figures 4-7 show the predictive performance (accuracy, precision, recall, and F1-
score) of nine machine learning models for prediction of the anxiety disorder in old age,
respectively. The analysis results confirmed that the predictive performance of the “SVM +
RF + LGBM + AdaBoost + XGBoost model (stacking ensemble: accuracy 87.4%, precision
85.1%, recall 87.4%, and Fl-score 85.5%)” was the best.

Accuracy
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Figure 4. Comparing the accuracy of nine machine learning models for predicting anxiety disorders
in old age.

Stacking model 1 = SVM + XGBoost; Stacking model 2 = RandomForest + XGBoost;
Stacking model 3 = LightGBM + XGBoost; Stacking model 4 = Adaboost + XGBoost;
Stacking model 5 = SVM + RF + LGBM + AdaBoost + XGBoost.
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Figure 5. Comparing the precision of nine machine learning models for predicting anxiety disorders
in old age.

Stacking model 1 = SVM + XGBoost; Stacking model 2 = RandomForest + XGBoost;
Stacking model 3 = LightGBM + XGBoost; Stacking model 4 = Adaboost + XGBoost;
Stacking model 5 = SVM + RF + LGBM + AdaBoost + XGBoost.
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Figure 6. Comparing the recall of nine machine learning models for predicting anxiety disorders in
old age.

Stacking model 1 = SVM + XGBoost; Stacking model 2 = RandomForest + XGBoost;
Stacking model 3 = LightGBM + XGBoost; Stacking model 4 = Adaboost + XGBoost;
Stacking model 5 = SVM + RF + LGBM + AdaBoost + XGBoost.
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Figure 7. Comparing the F1 score of nine machine learning models for predicting anxiety disorders
in old age.

Stacking model 1 = SVM + XGBoost; Stacking model 2 = RandomForest + XGBoost;
Stacking model 3 = LightGBM + XGBoost; Stacking model 4 = Adaboost + XGBoost;
Stacking model 5 = SVM + RF + LGBM + AdaBoost + XGBoost.

3.3. Exploring Predictors and High-Risk Groups for the Anxiety Disorder in Old Age

The feature importance of the SVM + RF + LGBM + AdaBoost + XGBoost model, the
final model for predicting the anxiety disorder in the elderly in South Korea, is presented in
Figure 8. In this model, subjective loneliness, SES, subjective family relations, instability in
family support and caregiving, subjective frequency of communication with family, family
relationship and dissolution instability, and your and your family’s experience of being
a victim of a crime over the past year were identified as the seven major variables with
high weight. Among them, subjective loneliness was the most important factor in the

final model.
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Figure 8. The importance of variables in the prediction model for anxiety disorder in old age (only
the top seven variables are presented).

Figure 9 shows a tree plot that presents seven variables with high weight in importance,
using the decision tree visualization. The value of the leaf node represents the logistic
function probability score (LFP-score). A positive number refers to the probability of having
a depressive disorder, and a negative number indicates the probability of not having an
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— Path1

— Path2

anxiety disorder. There were two paths for predicting anxiety disorder in old age (Table 2).
The first path with the highest predictive probability of an anxiety disorder was the elderly
who often (or mostly) felt subjective loneliness, had an SES score of 26 or less, and had a
subjective communication with their family of 4 or less (on a 10-point scale). The second
path was the elderly who sometimes felt subjective loneliness, perceived that they had a
bad family relationship (or very bad), and were victims of a crime, or had a family member
who was a victim of a crime over the past year.

Often (or mostly) felt
subjective loneliness

T 1
yes no

Perceived that they had a bad
family relationship (or very bad) SES score <26

yes

Leaf=
0.0972

A victim of a crime
over the past year

1 [ 1
no yes no
| 1 |
A family relationship and dissolution A subjective communication with A instability in family support
instability of 4 point or less their family of 4 point or less and caregiving of 4 point or less

no yes no yes no yes no

I I I | I I
Leaf= Leaf= Leaf= Leaf= Leaf= Leaf= Leaf=
-0.2334 -0.4001 -0.2900 0.1433 -0.0426 -0.3142 -0.0630

Figure 9. A tree plot that presents seven variables with high weight in the importance using the decision tree visualization.

Table 2. A path for predicting anxiety disorder in old age.

Path Characteristics LFP-Score

The elderly who often (or mostly) felt subjective
loneliness, had an SES score of 26 or less, and had
a subjective communication with their family of 4

or less (on a 10-point scale)

0.14

The elderly who sometimes felt subjective
loneliness, perceived that they had a bad family
2 relationship (or very bad), and were victims of a 0.09
crime, or had their family member who was a
victim of a crime over the past year

LEP-score = logistic function probability score.

4. Discussion

This study compared the predictive performance (accuracy) of nine machine learn-
ing algorithms to predict anxiety disorders in the elderly in South Korea and confirmed
that the SVM + RF + LGBM + AdaBoost + XGBoost model had the best predictive per-
formance. SVM + RF + LGBM + AdaBoost + XGBoost, LightGBM + XGBoost, and
Adaboost + XGBoost, among the stacking ensemble models in this study, had higher ac-
curacy, precision, recall, and Fl-score than single predictive models. The results agreed
with previous studies [42,43], which reported that the root-mean-square error (RMSE) of
the stacking ensemble model was lower than that of the single machine learning model.
In particular, Byeon (2021) [43] showed that the stacking ensemble model had a higher
index of agreement (IA) and variance of errors (Ev), in addition to accuracy, than the single
machine learning model, which implied that the predictive performance of the stacking
ensemble model could be higher than that of the single predictive model for structured
data such as examination data. However, in this study, the Fl-score of SVM was 0.5%
higher than that of SVM + XGBoost, which suggested that the stacking ensemble model
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could perform worse than a single machine learning model depending on the combination
of a base model and a meta model. Therefore, futures studies shall explore the stacking
ensemble model with the best performance in community examination data by combining
various base models and meta models including unsupervised learning (e.g., clustering),
in addition to boosting to prove the performance of the stacking ensemble.

Another finding of this study was that subjective loneliness, SES, subjective family
relations, instability in family support and caregiving, subjective frequency of commu-
nication with family, family relationship and dissolution instability, and your and your
family’s experience of being a victim of a crime over the past year were independent risk
factors for predicting an anxiety disorder in the elderly living in South Korea. Green et al.
(2013) [44] conducted a cohort study on Scottish people and reported that socioeconomic
differences such as low educational level and low level of income were significantly related
to anxiety in old age. However, socioeconomic factors were not significantly related to
anxiety in this study, while the effects of family factors such as anxiety about the dissolu-
tion of family relations and anxiety due to family support or caregiving were significantly
higher. It is believed that the difference from previous studies is due to the characteristics
of the elderly of South Korea who value traditional family relationships. The structure
and value of family relations have been changed in the past 30 years in South Korea as the
traditional family system has been breaking up the nuclear family through the process of
rapid industrialization and urbanization [45]. As the range of the elderly’s social life has
been reduced, their interests and contacts have shifted from society to their families [45].
As a result, family relationships have a significant impact on the psychological health of
the elderly [45]. Although it is impossible to conclude that the frequency of communication
with family members living together can sufficiently determine the emotional support for
the elderly, the results of this study implied that the emotional support obtained from other
family members or people around them can alleviate anxiety in old age. Since not enough
studies have evaluated factors influencing the anxiety of the elderly, more epidemiological
studies are required to understand the characteristics of anxiety in old age.

Previous studies [26-30] that identified factors related to the anxiety of the elderly
only tried to identify individual factors of depression using regression analysis. Therefore,
they are limited in identifying multiple risk factors for anxiety. This community-based
epidemiologic study identified multiple risk factors using the decision tree visualization of
the stacking ensemble model. The results of this study showed that the elderly who often
(or mostly) felt subjective loneliness, had an SES score of 26 or less, and had a subjective
communication with their family of 4 or less (on a 10-point scale) were the group with the
highest risk of anxiety disorder.

When people get older, they experience social isolation and loneliness due to sepa-
ration from their children, retirement from work, and the death of people around them
(e.g., spouse, family, and friends). If this loneliness persists, they will be more likely to
develop depressive and anxiety disorders [46]. Statistics Korea (2021) [47] forecasted that
South Korea will enter a super-aged society in 2026, which means that one in four people
will be elderly. It is five years before 2026, and one in five elderly people (17.2%) are
suffering from an anxiety disorder. However, there are not sufficient policy measures for
identifying anxiety disorders in the elderly soon and managing high-risk groups compared
to cognitive disorders such as chronic diseases or dementia. Since early detection and
preventive treatment are important for mental disorders such as anxiety, it will be necessary
to continuously monitor the elderly who perceive that they have a bad relationship with
their family, subjectively experience a lot of loneliness, and frequently feel anxious about
family relationships and dissolution to prevent anxiety disorders in old age based on the
results of this study from the community level (or primary medical care level). Further-
more, since almost no studies have identified multiple risk factors for anxiety in old age,
more epidemiological studies are required to continuously identify multiple risk factors
for anxiety in old age.
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The importance of this study was that this study analyzed complex factors of anxiety
such as individual characteristics, family factors, and social environment using epidemio-
logical data that can represent the elderly living in a local community. When developing
a predictive model using medical data, the critical elements are to explain (interpret) the
results and to secure high accuracy. This study presented the derived key predictors using
decision tree visualization, which added the possibility of explanation. The decision tree
visualization technique of the ensemble machine, presented in this study, is meaningful
because it presents an application case of interpretable Al using structured data and the
grounds of its use. Future studies are needed to develop X-Al or transparent Al using
various methods based on structured data in order to explain the judgment of Al in a form
that medical personnel can understand based on the interpretable Al case of this study.

The limitations of this study are as follows. First, this study could not identify the
detailed types of anxiety disorders due to the nature of the epidemiological investigation
using the anxiety disorder screening test. Future studies are needed to classify the types
of anxiety disorders into a generalized anxiety disorder, phobia disorder, panic disorder,
and obsessive-compulsive disorder using medical diagnosis and to explore risk factors
according to the type. Second, although social networks such as the number of close friends
to meet are important for anxiety disorder in old age, this epidemiological study did not
investigate social networks. Third, this study used a secondary source, the KPA Survey
conducted in 2015. Therefore, there is a possibility that there is a difference between the
general characteristics of older adults surveyed in 2015 and those of older adults in 2021.
Consequently, the results of this study should be interpreted carefully. Fourth, since this
study is a cross-sectional study, even if risk factors for anxiety disorder are identified, their
causal relationships cannot be argued. Additional longitudinal studies are required to
prove the causal relationship between the multiple risk factors for anxiety disorder in old
age identified in this study.

5. Conclusions

The results of this study indicated that it will be necessary to continuously monitor
subjective loneliness, SES, subjective family relations, instability in family support and
caregiving, subjective frequency of communication with family, family relationship and
dissolution instability, and your and your family’s experience of being a victim of a crime
over the past year to prevent and screen anxiety disorders in the elderly living in a local
community as soon as possible. Furthermore, it is necessary to establish a community-
based mental health policy that can identify elderly groups with high anxiety risks based
on multiple risk factors and manage them constantly.
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Abstract: Background: Inpatient falls are common hospital adverse events. We aimed to determine
inpatient fall rates in an urban public hospital and analyzed their characteristics across clinical
departments. Methods: The study was conducted in a 350-bed urban, multi-specialty public hospital
in the 2013-2019 period. Patient data were retrieved from the hospital’s standardized falls reporting
system. Descriptive statistics and statistical tests: chi2 and ANOVA tests with multiple comparison
tests (post-hoc analysis) were used. For fall incidence estimation a joint-point regression was applied.
p-value of 0.05 was considered as statistically significant for all the calculations. Results: The highest
prevalence of falls was reported in the rehabilitation and internal medicine wards (1.915% and 1.181%,
respectively), the lowest in the orthopedic (0.145%) and rheumatology wards (0.213%) (p < 0.001).
The vast majority of falls took place in the late evening and during the night (56.711%) and were
classified as bed falls (55.858%). The crude incidence rate (cIR) of falls was 6.484 per one thousand
hospitalizations. In the 2013-2017 period, an increase in total cIR was observed, reaching the peak
value in 2016; it was followed by a slight decline from 2017 to 2019, however, differences in changes
were observed between the wards. Conclusion: Fall rates and trends as well as circumstances of
inpatient falls varied significantly among clinical departments, probably due to differences in patient
characteristics.

Keywords: fall assessment sheet; fall; elderly patients; hospitalization; risk management

1. Introduction

The most widely used definition of a fall occurring within a healthcare setting is the
one proposed by Nitz and Johnston, which describes it as “an unexpected event in which
the participant comes to rest on the ground, floor, or lower level” [1]. Inpatient falls are
the leading cause of hospital adverse events with incidence rate varying from 2.4 in large
tertiary university hospitals to 9.1 in geriatric hospital departments per one thousand
patient-days [1-4]. Two major types of fall risk factors were distinguished: (a) intrinsic
factors comprising age, gender, musculoskeletal disorders, patient’s imbalance and using
drugs; (b) extrinsic factors including the weaknesses of the health system in the medical
equipment maintenance and design, human resources, communication, training, and team
work [5].
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Age > 85 years, the male sex, a recent fall, gait instability, agitation and/or confusion,
new urinary incontinence or frequency, adverse drug reactions and neurological and car-
diovascular instability are the predominant risk factors of inpatient falls [6,7]. Chronic
diseases including diabetes and hypertension are also risk factors of falls and subsequent
fractures [6-8]. Especially elderly patients are more likely to fall, due to balance and coordi-
nation deterioration, loss of skeletal muscles strength, as well as many other comorbidities
associated with aging [6,7]. Physical activity, therefore, plays essential role in preventing
falls. World Health Organization (WHO) recommendations emphasize the importance
of physical activity in preventing falls especially among seniors and are consistent with
studies showing that systematic movement exercises and balance training can lead to the
alleviation of symptoms associated with balance disorders in the elderly, thus reduce the
risk of falling [9,10]. Furthermore, 15.4% of patients experience a decline in mobility during
hospital stay, particularly women with cognitive impairment and underweight are at high
risk of reduced mobility, therefore physical rehabilitation during hospitalization is essential
and was proved to reduce the risk of falls [11,12]. Finally, negative interactions between
the intrinsic and extrinsic risk factors may lead to serious physical injuries [5].

Up to 42% of falls occur during walking (e.g., to the bathroom), while 7-14% take place
during transferring (e.g., standing up, sitting down) or are bed-related (e.g., falling out of
bed) [13-16]. Up to 80% of falls, however, occur when patients are not observed, as some
patients initiate risky decisions concerning their mobility based on their own judgements,
without asking health professionals for help [17,18].

Approximately 30-35% of falls occurring in healthcare facilities result in injury that
can cost over USD 14,000 per incident adding, on average, 6.3 days to an individual’s
length of stay [19]. Adverse outcomes associated with inpatient falls include bruises and
fractures, depression and anxiety, prolonged lengths of stay, and even death [20]. Some
fall-related incidents may even lead to a medical lawsuit; therefore, fall risk reduction via
implementing monitoring and analyzing systems along with nursing care improvement
and patients” education have become one of the most important issues in medical safety.

In spite of the fact that most healthcare providers have implemented recommendations
to identify patients at increased falls risk, and processes for collecting and reporting fall
data, falls continue to occur [21]. Prevention of inpatient falls seems to be crucial for
integrity of diagnostic and therapeutic processes. This can be achieved mainly by staff
training, implementation of fall risk reduction programs and patient education. The first
step in preventing falls is the identification of high-risk patients.

King et al. reported, however, unintended impact of fall prevention messages on
nurses and older adult patients. Intense messaging from hospital administration to achieve
zero falls resulted in nurses developing a fear of falls, protecting themselves and the
unit, and restricting fall risk patients as a way to stop messages and meet the hospital
goal [22]. Improperly, an adverse event is often considered as a synonym for “medical

”ou ”

error,” “medical malpractice,” or “treatment failure.” However, the term “adverse event
also comprises treatment failures not directly caused by a healthcare provider, and not
only by human medical errors [23]. Therefore, depenalization of unintended adverse
effects, including inpatient falls, should be strongly considered. Furthermore, creating
opportunities for anonymous recording of medical adverse events would significantly
improve the number of reported cases. The goal of medical adverse event recording
and reporting systems is primarily to identify possible risk factors in order to improve
patients’ safety. Along with depenalization of unintended medical adverse events, a public
insurance system should be established to cover justified patients’ claims [23,24].

In this study we aimed to investigate the occurrence of inpatient falls in all wards of
a public city hospital in the past seven years, and to analyze the circumstances of these
events; additionally, we investigated changes in the incidence of falls.
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2. Materials and Methods
2.1. Setting and Sample

This study was conducted in a 350-bed specialist public hospital in the city of Krakow,
Poland, after receiving Local Review Board consent. It included all adult inpatients from
1 January 2013 through 31 December 2019, in the clinical departments of internal medicine,
rheumatology, rehabilitation, cardiology, neurology and orthopedics. No additional ex-
clusion criteria were applied and all the records in the registry were completed with no
missing data. The hospital is localized in a district where the percentage of people in the
retirement age is higher than the city average [21]. Therefore, the mean of age in the sample
is considerably high and exceeds the value of 75 years old (see Table 1).

Table 1. Characteristics of fallers and circumstances of falls.

. Internal . e
Cardiolo, L. Neurolo, Orthopedics Rheumatolo; Rehabilitation
Departments ol Medicine ol ol b
A B C D E F
Total number of 5
hospitalizati 11980 39811 7517 9673 24849 5536 <0.001
ospitalizations (N)
Total number of falls 47 o, o o o o o,
%) (0.39%) 469 (1.18%) 45 (0.60%) 14 (0.15%) 53 (0.21%) 106 (1.92%)
Avs. B<0.008°
Females N (%) 18 (38.30%) 256 (54.58%) 17 (37.78%) 8 (57.14%) 43 (81.13%) 81 (76.42%) Avs. E=0.004°
Avs. F=0.008%
Males N (%) 29 (61.7%) 213 (45.42%) 28 (62.22%) 6 (42.90%) 10 (18.90%) 25 (23.58%) Cvs. E<0.001%
Cvs. F<0.001°%
Bvs. A <0.001°
Age (years) 77.94 77.70 77.76 71.29 65.81 72.81 Bvs. C<0.001%
Bvs. E=0.004 %
mean (+SD *; range) (+10.96; 36) (£12.08; 73) (£11.17; 64) (£8.46; 27) (£19.07; 63) (+11.51; 59) c fz E-0008%
BMI (kg/mz) 26.57 27.06 26.43 26.24 26.95 28.31 0.083
mean (£SD *) (+£5.01) (+£5.58) (+4.87) (+2.89) (+4.62) (+5.64) :
Fvs. A<0.001°%
Fvs. B<0.001°%
Length of stay (days) 9 14 9 10 7 22 Fvs. C=0.004%
Fvs. D=0.003%
Fvs. E<0.001°
ian: TOR ** . - - o, . - Avs. E<0.001°
Median; IQR IQR **: 3.5 IQR **: 4.0 IQR **: 6.5 IQR **: 5.5 IQR **: 3.0 IQR **: 11.5 Avs B=0036%
Bvs. E<0.001%
Time of fall
6:00-12:00 12 (25.53%) 89 (19.98%) 12 (26.67%) 6 (42.86%) 14 (26.42%) 21 (19.81%)
12:00-18:00 15 (31.92%) 91 (19.40%) 12 (26.67%) 0(0.00%) 17 (32.08%) 29 (27.36%) 00185
18:00-24:00 11 (23.40%) 123 (26.23%) 11 (24.44%) 4(28.57%) 9 (16.98%) 31 (29.25%)
24:00-6:00 9 (19.149%) 166 (35.39%) 10 (22.22%) 4(28.57%) 13 (24.53%) 25 (23.59%)
Patient conditions
Dementia 5 (10.64%) 56 (11.940%) 5 (11.11%) 0 (0.000%) 1 (1.89%) 2 (1.89%)
Disorientation 8 (17.02%) 59 (12.58%) 8 (17.78%) 0 (0.000%) 0 (0.00%) 5 (4.72%) Buvs. E = 0.006 %
Psychomotor disorders 2 (4.26%) 19 (4.05%) 2 (4.44%) 3 (21.43%) 0 (0.00%) 4 (3.77%) Cvs. E=0.012°%
Loss of consciousness 0 (0.00%) 6 (1.28%) 0 (0.000%) 0 (0.00%) 3 (5.66%) 0 (0.00%)
None 32 (70.15%) 329 (66.67%) 30 (66.67%) 11 (78.57%) 49 (92.45%) 95 (89.62%)
Place of fall
Bed 30 (59.92%) 281 (59.92%) 28 (62.22%) 8 (57.14%) 16 (30.19%) 47 (44.34%) Cvs. E<0.001%
Bathroom 11 (22.81%) 107 (22.81%) 11 (24.44%) 0 (0.00%) 14 (26.42%) 19 (17.93%) Duvs. E=0.011°%
Corridor 6 (12.77%) 81 (17.27%) 6 (13.33%) 6 (42.86%) 23 (43.40%) 40 (37.74%)

* SD—standard deviation; ** IQR—interquartile range; $ p statistically significant. Kruskal-Wallis ANOVA with post hoc multiple
cooperation of mean ranks.

Patient data were retrospectively retrieved from the hospital’s standardized falls
reporting system. Fall report included the following data: (1) clinical department, (2)
patient’s data, (3) time, (4) location, and (5) circumstances of the fall. In multiple fall
cases, only the data of the first fall were analyzed. The hospital policy requires every
hospital employee involved in any adverse event such as a patient’s fall to fill in a specific
form immediately after the event. The form includes fields for entering all information
mentioned above. It is then submitted to the Head of Department and its copy is sent to
the office of the hospital director’s plenipotentiary for quality. The data are then added
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to the reporting system. The information is analyzed and appropriate corrective actions
are taken.

2.2. Statistical Analysis

The Shapiro-Wilk test was used to determine the distribution of continuous variables.
Variables that fit normal distribution were presented as mean values and standard deviation
(SD), while those with distribution different from normal as medians and interquartile
range (IQR). Analysis of variance (ANOVA) was used to compare more than two groups
if variables fit normal distribution and Kruskal-Wallis ANOVA testing was performed
if distributions were different from normal. Post-hoc tests were applied if appropriate.
To compare the rough number of cases a chi-square test was chosen, and variables were
presented as case numbers and percentage (%). The Neuman test was employed to evaluate
if the trends of the annual number of admissions and the median hospital stays in the
period 20132019 were significant. Additionally, Spearman correlation test was used to
assess a possible relationship between the annual number of admissions and the annual
number of inpatient falls as well as between the median length of hospital stay and the
annual number of inpatients falls. Calculations were performed using STATISTICA
data analysis software, version 12.0 (TIBCO Software Inc. (2017). Statistica (data analysis
software system), version 13. Palo Alto, USA), and MedCalc Statistical Software, version
16.2.1 (MedCalc Software by Ostend, Belgium).

A join-point regression analysis using the Joinpoint Regression program, version
4.8.0.1 April 2020 (Information Management Services Inc., Rockville, MD, USA) was
performed to determine the crude incidence rate of falls calculated as the number of falls
per 1000 hospitalizations. The analysis included a logarithmic transformation of the rates,
standard errors, and a maximum number of five join points with a minimum of 4 years
between two join points [22]. The annual percentage change (APC) was subsequently
calculated to quantify the trend over a fixed number of years as a geometric weighted
average of the trend analysis. p-value of 0.05 was considered as statistically significant for
all the calculations.

3. Results

In a seven-year period, there were 89,693 hospitalizations and 734 (0.818%) patients’
falls were reported. The study group comprised 325 (43.218%) males and 427 (56.782%)
females. The mean age of patients who fell was 75.53 (+13.35) years with an average BMI
of 27.08 (£5.39) kg/m?, and their median length of hospital stay was 16.5 (IQR: 7.0) days.

Additionally, in the rheumatology ward patients who fell were significantly younger
compared to patients admitted to other wards (Table 1). Additionally, significant differences
in female to male ratios were identified across the analyzed wards (Table 1). The highest
rate of falls of female patients was observed in the rehabilitation ward; it was followed
by the orthopedic and internal medicine wards. The lowest rate of falls of female patients
was noted down in the neurology unit. There were no significant differences in BMI of
fallers across the analyzed departments. Additionally, significant differences in female to
male ratios were identified across the wards (Table 1). In the internal ward, the falls were
predominately reported in the late evening and at night while in other wards they occurred
mostly in the morning and in the afternoon (Table 1). Dementia was diagnosed in 1 in
10 of fallers from the cardiology, internal and neurology wards, while disorientation was
recognized in 17% of patients who fell in the neurology and cardiology wards followed by
12% of patients in the internal medicine ward, and the differences between the wards were
significant (Table 1). Bed falls were typical for all these wards; however, a rehabilitation
and rheumatology corridor was the second most common location where falls occurred
contrary to other wards where bathroom falls were more common (Table 1).

The longest hospital stay was reported in the rehabilitation ward followed by the
internal medicine and orthopedics wards, while the shortest stay was in the rheumatology
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ward and the highest number of annual admissions was to the internal medicine ward
while the lowest to the rehabilitation department (Table 1).

In the cardiology department both the trends of the annual admissions and the median
length of hospital stay were insignificant (Figure 1). Additionally, no association between
the annual number of admissions and the annual number of inpatient falls or a relationship
between the median length of hospital stay and the annual number of inpatients falls
were proven. Contrary to this, in the internal medicine ward the annual admissions trend
increased significantly while the trend of median hospital stay was insignificant (Figure 3).
There was also a significant positive association between the annual number of admissions
and the annual number of inpatient falls (R = 0.775; p = 0.041) while no correlation between
the median length of hospital stay and the annual number of inpatient falls was observed.
In the neurology department both the trends of annual admissions and the median length
of hospital stay increased significantly (Figure 3). There was a significant positive cor-
relation between the annual number of admissions, the median length of hospital stay
and the annual number of inpatient falls (R = 0.982; p = <0.001 and R = —0.908; p = 0.004,
subsequently). The annual admissions trend in the orthopedics department increased
significantly while the trend of the median hospital stay was insignificant (Figure 3). There
was no correlation between the annual number of admissions and the annual number of
inpatient falls or between the median length of hospital stay and the annual number of
inpatients falls. In the rheumatology department both trends were significant, however,
the annual admissions trend was increasing, while the trend of the median hospital stay
decreased. Additionally, no correlations between the annual number of admissions and
the annual number of inpatient falls or between the median length of hospital stay and the
annual number of inpatient falls were found. In the rehabilitation ward only the trend of
the median hospital stay decreased significantly, while the annual admissions trend was
insignificant. Additionally, there were no correlations neither between the annual number
of admissions and the annual number of inpatient falls nor between the median length of
hospital stay and the annual number of inpatients.

The crude incidence rate (cIR) of falls was 6.484 per one thousand hospitalizations.
In the 2013-2017 period, an increasing trend of total cIR was observed, reaching the peak
value in 2016; it was followed by a slight decline from 2017 to 2019 (Figure 2).

Different changes in fall incidence were observed in the analyzed wards. The highest
incidence of falls was reported in the rehabilitation ward, where the maximum cIR of 41.06
was noted down while its lowest level for that ward was 2.53 (Figure 3). The second highest
cIR of 16.94 falls was observed in the internal medicine ward; here, its lowest value was
2.11 (Figure 3). The lowest cIR of falls was observed in the neurology ward, and it was in
the 0.09-1.33 range (Figure 3). In the orthopedics ward, a trend analysis was unavailable
due to lack of reported cases in the 20132015 and 2018-2019 periods.

In the cardiology department, after a gradual increase in the number of falls from
2013 to 2016, we observe a rapid acceleration of this trend that reached the peak of cIR at
the level of 14.11 in 2017; it was followed by a significant decline in the 2017-2019 period
(Figure 3). Similarly to the cardiology unit, also in the rehabilitation ward a two-part trend
of patient falls was observed. After an initial enormous increase of cIR from 2.53 to 41.06 in
the 2013-2017 period, a steep decrease can be seen from 2017 to 2019, with significant APC
(Figure 3). In the internal medicine ward, a rapid upward trend was observed from 2013 to
2015, with a significant increase of falls. From the year 2015, however, this trend stabilized,
with an insignificant APC, reaching the peak cIR of 16.94 in 2019 (Figure 3).

Contrary to what was mentioned above, we observed a continuous increase of in-
patient falls in the neurology and the rheumatology departments, although cIR of falls
differed significantly between these two wards (Figure 3). In the neurology ward, after a
gentle increase in falls, an acceleration of the trend was observed in the 2013-2017 period; it
reached the highest cIR value of 18.48 in the year 2019 and showed a significant APC for the
whole analyzed period (Figure 3). In the rheumatology ward, although an upward trend
was observed for the entire analyzed period from the years 2013-2019, the reported APC
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was insignificant and showed the lowest values of cIR of falls as described above (Figure 3).
As we have already mentioned, a trend analysis was unavailable for the orthopedics ward.

A. Cardiology Department| B. Internal medicine Department
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4. Discussion

Our results are consistent with findings of Healey et al., who reported rates of falls
per 1000 bed days between 2.1 and 8.4, depending on the hospital profile, and significantly
lower than fall rates presented by Schwendimann and colleagues, who showed that 7.2%
of hospitalized patients experienced falls [16,22]. Similarly to our findings, they reported
significant differences in characteristics of fallers and circumstances of falls; however, they
investigated internal medicine, surgical and geriatric departments [22,23]. These significant
differences considered patients’ age, length of hospital stay as well as comorbidities and the
circumstances of falls. They can be easily explained by the fact that in distinct departments
patients are diagnosed with different health problems and have individualized treatment.
Results presented by Tayabe, however, showed that one fourth of recorded falls were not
registered in the incident reporting systems [24]. It is a well-known fact that only a part
of the incidents occurring in a hospital is recognized in a voluntary incident reporting
systems [25]. Rates of falls recorded based on incident reports, vary remarkably between
hospitals and this inconsistency in the rate of falls may be the result of reporting bias of
medical staff [25]. Consistently, Healey et al. confirmed that that the rate of falls in acute
hospitals varied remarkably between hospitals from 0.2 to 11.5 per 1000 bed days [26].
Reporting bias is a serious problem especially when the precise incidence and detailed
information on incidents are required. Epidemiological study of inpatient falls, validation
of countermeasures against falls, and development of risk assessment systems for inpatient
falls can be effective only if based on truth and verified.

According to our result, the highest fall risk was in the rehabilitation ward followed by
internal medicine department, while orthopedics, cardiology and rheumatology patients
were at the lowest risk of falls. This knowledge is essential to improve inpatient fall
prevention; however, not only a common fall risk in each ward should be evaluated but
also an assessment of individual fall risk must be conducted on admission of every patient.
There is, however, no consistent evidence that interventions to prevent falls among hospital
inpatients are effective [9,10], although many of the published studies were underpowered
or methodologically flawed.

Basically, the risk of inpatient falls is positively correlated with the length of hos-
pital stay and rises significantly from the 11th day of hospitalization [27]. Similarly, in
intensive care units the risk of inpatient falls increases 9.9 times if the hospitalization
exceeds 19 days [28]. A positive and significant correlation between the risk of inpatient
falls and hospitalization length was also confirmed in palliative care units [29]. Further-
more, frequent rotations of nursing staff and extensive workload resulted in omitting many
important procedures and activities that are directly relevant to patient safety, such as lack
of care planning (18.9%), lack of updating medical records (21.7%) and reducing nursing
care (23.9%) [29-32].

In the investigated population increases in the incidence of inpatient falls on neurology
and rheumatology wards were observed in conjunction with a decrease in the median
length of hospital stay and a rise of new admissions.

To the best of our knowledge a very large number of papers evaluated inpatients
falls risks but only few studies evaluated changes in the incidence of falls. The novelty
of our study is the evaluation of incidence across different clinical departments. In most
departments we observed a decrease in the incidence of falls during the last three or five
years, except for the internal medicine ward, where this trend was stable. The neurology
ward was the only one showing a significant increase in the incidence of inpatient falls. A
trend analysis allows to predict potential changes in fall incidence in the future and such
information is essential for proper planning of fall prevention activities that should be
tailored for each department separately.

We are also aware that our study has some limitations that must be discussed. The
major drawback of this data set is lack of description of what medications associated with
the risk of falls were being used by patients in which falls occurred. However, the lack
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References

of this analysis does not discredit the results. Secondly, due to the huge number of staff
involved in reporting inpatient falls, as well as staff fluctuation during the study period,
the quality of data on registered patient falls may vary. Thirdly, falls risk factors were
unavailable for the analysis. Finally, we used data from just one hospital which provides
treatment for a specific population with the percentage of people in the retirement age
higher than the city average. These limitations, however, did not prevent us from achieving
the aim of the study and presenting reliable results. The strength of this study is that
data were available from patients treated in different clinical departments in a tax-funded
healthcare system in public hospital. Furthermore, a comprehensive analysis of inpatient
falls in a large sample across clinical departments is the major power of this study. The
subject clearly needs meta-analysis based on data from different hospitals functioning in
various surroundings, which could provide a more reliable estimate of fall rates. Both
characteristics of hospitals and patients treated could be analyzed as potential moderators
accounting for differences between results based on separate datasets.

5. Conclusions

Inpatient falls remain the leading cause of adverse events in hospitals. According
to the presented results, the prevalence of falls was equal to 0.82%. However, there are
significant differences in the incidence of inpatient falls between different wards. The
highest fall risk was in the rehabilitation ward followed by internal medicine department,
while orthopedics, cardiology and rheumatology patients were at the lowest risk of falls.
The falls occurred most frequently between 24:00 and 6:00 and were more prevalent in the
group of female patients. Furthermore, in different clinical departments, distinct changes
in the incidence of inpatient falls were reported. In our opinion, in order to improve patient
safety, not only reporting rough numbers of inpatient falls but also an analysis of changes
seem to be crucial, as only this allows to predict potential future changes in falls, which is
essential for proper planning of fall prevention activity.
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Abstract: The purpose of this cross-sectional study was to analyse the differences in meaningful
activities and psychosomatic function depending on the driving status of community-dwelling older
adults. Data from 594 older adults were obtained, including activities meaningful to individuals and
psychosomatic functions, such as grip strength, depression, cognitive function, and ability of activity.
Participants were divided into active driving (n = 549) and after driving cessation (n = 45) groups.
In addition, the active driving group was operationally divided into three groups: high-frequency
group (n = 387), medium group (n = 119), and infrequent group (n = 42). In the after driving
cessation group, grip strength, and Japan Science and Technology Agency Index of Competence
scores were significantly lower. Furthermore, the proportion of apathy and physical and social frailty
was significantly higher in the after driving cessation group. Regarding meaningful activity, domestic
life scores in the after driving cessation group were significantly higher than those of the active
driving group. Decreased driving frequency in the active driving group was associated with weak
muscle strength, lack of interest, and low activity. This study demonstrated that meaningful activity
differed based on the driving status. Hence, we should support the activities of older adults who are
considering driving cessation.

Keywords: driving cessation; meaningful activities; community-dwelling older adults; psychoso-
matic functions

1. Introduction

In Japan, the number of driver’s license holders aged 75 years and above is increasing,
causing many fatal accidents [1]. To resolve this problem in recent years, a supportive envi-
ronment that involves, for example, driving aptitude consultations and support measures
for older drivers considering driving cessation, has been promoted to make it easier for
them to return their driver’s licenses. However, previous studies on driving cessation have
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reported that musculoskeletal and neurological problems, visual problems, and cognitive
decline lead to driving cessation in older adults. Furthermore, problems with the muscu-
loskeletal system and vision [2], being a woman, and decline in independence as measured
in activities of daily living (ADL) [3] have been reported as reasons for driving cessation
in older adults. In contrast, driving cessation in older adults leads to poor health [4].
This is because it decreases physical function and increases the risk of functional limita-
tion [5,6], cognitive decline [7], depressive symptoms, depression [8-10], frailty [11,12],
and mortality [13]. Therefore, driving cessation can be caused by diminished physical
and psychosomatic function. Further, environmental factors such as financial reasons can
also affect driving cessation. In older adults, driving cessation can impair physical and
psychosomatic function, and personal factors such as their changing interests. Therefore,
considering complex interactions between physical function, activity, participation, envi-
ronmental and personal factors with respect to driving cessation is necessary. Moreover, it
has been reported that driving cessation in older adults negatively impacts life satisfaction,
time spent outside [14], networking with friends [15], paid work, and volunteering [16].
Therefore, in addition to creating an environment that makes it easy for older adults to
return a license, it is also essential to prevent the deterioration of their physical function
and activity that occurs after the suspension of driving.

Tarumizu City (Area: 62.49 square miles), with a population of 14,379 and a low
population density, is one of the least populated areas of Japan, and its population aging
rate is extremely high. In addition, public transportation is inadequate and driving is
necessary to perform various essential life functions. Participation in activities is essential
for older adults as it benefits their health and improves their psychological well-being and
health-related quality of life [17,18]. In 2002, the World Health Organization developed
“Active Aging” to respond to the progress of global aging, and Active Aging places a
great deal of emphasis on participation in activities that individuals find meaningful [19].
Quite a few meaningful activities (e.g., cooking meals, dressing, and bathing) are routine,
while others include work, caring for others, social activities, and leisure activities [20].
Meaningful activities are those that include personal purposes and values rather than
merely indicating the activity [21]. In addition, previous studies have reported a growing
recognition for engaging in personally valued activities (meaningful activities) that are
also beneficial for the well-being of older adults [22]. Therefore, engaging in meaningful
activities is crucial for maintaining good health. Compared to men, women older than
65 years are reported to have a significantly higher self-assessment of their labour in their
domestic life [23]. Driving interruptions have been reported to be associated with low
levels of out-of-home activities [24] and productive engagement [16]. It has also been
reported that, in rural older people, driving is important for the activities they want or
need to perform [25]. However, there are no reports regarding the activities that older
people, who have stopped driving or drive infrequently, value. Therefore, it is necessary
to investigate the content quality, satisfaction, and performance of meaningful activities
for older adults who have stopped driving. The reduced frequency of driving may also be
associated with reduced activity.

This cross-sectional study aimed to analyse the differences in meaningful activity and
mental and physical function between community-dwelling older adults with different
driving statuses (driving or not driving, gender, frequency of driving). Understanding how
reduced outings and driving affect the physical and mental functioning and activity of older
people is useful while considering pre- and post-driving cessation support preparations.

2. Materials and Methods
2.1. Participants

This cross-sectional study used data from the Tarumizu Study 2018. It was a collabo-
rative study undertaken by Kagoshima University, the Tarumizu City office, and Tarumizu
Chuo Hospital. This study was conducted from June to December 2018 as a community-
based health survey. Reply-paid postcards were mailed to the residents of Tarumizu City
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who were aged 40 years or older at the time of examination, and residents were recruited
through local newspaper advertisements and community campaigns. The recruitment
period was from April to June 2018, and 1385 people participated in the survey. The survey
was conducted at public facilities in Tarumizu, and participants attended one of 24 sessions
a year.

This study targeted citizens over the age of 65. The exclusion criteria were as follows:
Participants whose data regarding the Aid for Decision-making in Occupation Choice
(ADOC) (n = 8) and questions about driving (n = 4) were missing; participants who had a
history of stroke (n = 36), Parkinson’s disease (n = 1), and dementia (n = 8); and participants
who had never owned a driver’s license (n = 208) in their lifetime.

We questioned the participants about their present driving status and then divided
them into two groups: the active driving (n = 549) group and the after driving cessation
(n = 45) groups. The active driving group included people with a license, and the after
driving cessation group included those who had returned their license (n = 27), who
had not renewed their license (n = 2), and who had not returned their license, but were
not currently driving (n = 16). In addition, the active driving group was operationally
divided into three groups: high-frequency group (n = 387, 6-7 days a week), medium
group (n = 119, 3-5 days a week), and infrequent group (n = 42, 2 days or less a week),
and their characteristics were compared. Finally, data from 594 community-dwelling older
adults (age >65 years, mean age: 73.5 + 5.8, women: 53.2%) were analysed for this study
(Figure 1). The ethics committee of Faculty of Medicine, Kagoshima University approved
the study protocol (approval number 170351).

People who enrolled in the Tarumizu Study 2018 (N = 1385)

:

Participants (= 65) in the Tarumizu Study 2018 conducted from June to December in 2018 (n = 859)

E—
Excluded (n = 265)

* Missing data for ADOC (n = 8), questions about driving (n = 4)
- History of stroke (n = 36), Parkinson'’s disease (n = 1), and dementia (n = 8)

+ No driving license (n = 208)

Analyzed in this cross-sectional study

(n=594)
\
Active driving group (n = 549) After driving cessation group (n = 45)
High frequency (n = 387) Medium (n = 119) Infrequent (n = 42)

Figure 1. Flowchart of the present study.
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2.2. Meaningful Activity

In this study, meaningful activities were operationally defined as “activities that in-
dividuals consider important in their daily life” [21]. The ADOC was developed as a
meaningful activity choice for clients in rehabilitation [26]. The ADOC consists of eight
categories: self-care, mobility, domestic life, work/education, interpersonal interaction,
social life, sport, and leisure. The eight categories contain 95 illustrations related to “Activi-
ties and Participation”, including the International Classification of Functioning, Disability,
and Health. Leisure is defined as those activities which produce intrinsic rewards and
provide the participant with life-enhancing meaning and a sense of pleasure [27]. The
leisure activities in ADOC include 29 items, such as painting, reading, making sweets,
gardening, and travelling. An English version has already been developed [28], and the
validity of satisfaction in the evaluation has been reported [29]. It is also a preferable tool
for focusing on meaningful personal activities [30]. The ADOC has a visually significant
effect [31] and is an effective tool for eliciting information about meaningful activities
from community-dwelling older adults. Data were collected via a face-to-face survey
between the researcher and the subjects. The subjects were shown 95 illustrations of ADOC
and asked verbally, “What are the meaningful activities in your daily life?”” Therefore,
participants were asked to select three to five meaningful activities from the ADOC and
then rank the selected activities. Participants evaluated satisfaction using a scale of 1-5
for the selected meaningful activities ranked by ADOC (1 = very dissatisfied, 5 = very
satisfied). Furthermore, we also used a scale of 1-10 to assess performance with the selected
activity (1: with great difficulty, 10: perfectly). Satisfaction and performance are measures
of the individual meaningful activity chosen by them. The researchers in this study were
occupational therapists and a few occupational therapy students. Before beginning the
study, we conducted two lectures, about two hours each, on the investigation method of
meaningful activities. In addition, on the day of the study, we conducted approximately
30 min of practical training before the survey. The study is conducted 24 times a year, and
the researchers are engaged multiple times.

2.3. Psychosomatic Functions

Regarding psychosomatic function, we examined the participants’ depressive state [8-10],
cognitive function [7], frailty [11,12], and apathy [32], which have been reported to be
related to driving cessation in previous studies. Their depressive state was evaluated
using the Geriatric Depression Scale (GDS-15), and 5 points or more (out of 15) indicated
a depressive state [33]. Moreover, among the subordinate items of GDS-15, questions
like (1) “Have you dropped many of your activities and interests? (yes)”, (2) “Do you
prefer to stay at home, rather than going out and doing new things? (Yes)”, and (3)
“Do you feel full of energy? (No)” were judged as apathy if the answers to these scored
>2 points [34]. Apathy is a behavioural symptom defined as disinterest and loss of
motivation [35]. Cognitive function was assessed using a Mini-Cog consisting of a three-
word recall task and a clock drawing test [36]. The total scores were the sum of the correct
words recalled (0-3) and the drawing of the clock (0 or 2), with a cutoff of <3, which was
reported to distinguish between people with and without cognitive impairment [36,37].
Therefore, in this study, a total score of <3 was defined as poor cognitive function.

Frailty is a state of physical and mental decline due to aging, which involves the
interaction of physical, cognitive, and social aspects. Physical frailty was evaluated for
five items: weight loss, weakness, exhaustion, slowness, and low levels of activity, with
reference to the definition of the Cardiovascular Health Study (CHS) [38] and the report
by Makizako et al. [39]. Physical frailty was recognised if three or more of the five items
applied to participant; pre-frailty was not included in the study. Cognitive frailty is defined
as the presence of both physical frailty and cognitive impairment. Cognitive frailty was
assessed using the National Centre for Geriatrics and Gerontology-Functional Assessment
Tool (NCGG-FAT) to define disability corresponding to the population base. This aspect
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included community-dwelling older adults (score >1.5, standard deviations (SD) below
the age- and education-specific mean). NCGG-FAT consists of four domains: memory,
attention, executive function, and processing speed [40]. Those with either decreased
slowness (if <1.0 m/s walking speed regardless of gender and height) or weakness (if
<26 kg grip strength for men, if <18 kg grip strength for women), and cognitive impairment
were considered cognitively frail [41]. Social frailty considered five questions about social
rules, daily social activities, and social relationships: living alone (yes), going out less
frequently than last year (yes), visiting friends sometimes (no), wanting to help friends
or family (no), and talking with someone every day (no) [42]. If two or more of them
were acknowledged, participants were considered socially frail, excluding pre-frailty [42].
The Japan Science and Technology Agency Index of Competence (JST-IC) was used to
evaluate the activity’s ability. It was developed as an index to evaluate whether older
Japanese adults can live independently and greater actively alone [43,44]. It included
four areas (16 items): technology usage, information practice, life management, and social
engagement. Higher scores reflected higher activity competence (range: 0-16).

2.4. Statistical Analysis

We used Student’s t-test for continuous variables, Pearson’s x2 tests for categorical
variables, and the Mann-Whitney U-test and Kruskal-Wallis test for ordinal variables. To
exclude the effect of gender, we performed the same analysis only in women. In addition,
the active driving group was operationally divided into three groups: high-frequency,
medium, and infrequent groups, and statistical analysis was performed. We used one-
way ANOVA for continuous variables, Pearson’s x? tests for categorical variables, and
Kruskal-Wallis test for ordinal variables. Meaningful activities were analysed, including
all selected activities from the first to fifth place. Further, the representative values of
satisfaction and performance were taken as the median score of first to fifth place. All
analyses were conducted using IBM SPSS Statistics 24.0 (IBM Corp., Armonk, NY, USA),
and p values < 0.05 were considered statistically significant.

3. Results

The characteristics of the study participants are listed in Table 1. The 594 participants
were divided into two groups: active driving (n = 549) and after driving cessation (n = 45).
The age and proportion of women in the after driving cessation group were significantly
higher (age: p < 0.001, women: p < 0.001), while the grip strength and JST-IC scores in
the after driving cessation group were significantly lower (grip strength: p < 0.001, JST-IC:
p < 0.001) compared with those in the active driving group. The proportion of those with
apathy (p = 0.009), physical frailty (p = 0.001) and social frailty (p = 0.002) in the after driving
cessation group was significantly higher compared with those in the active driving group.
There was no difference in satisfaction (p = 0.266) or performance (p = 0.655) of meaningful
activities between the two groups. Of the meaningful activity categories selected by the
active driving and after driving cessation groups, the ratio that selected leisure was high in
both groups (driving: 32.1%, driving cessation: 27.9%) (Figure 2). The work/education in
the active driving group was significantly higher than that in the after driving cessation
group (active driving: 5.9%, after driving cessation: 1.4 %, p < 0.05), while domestic life
in the after driving cessation group was significantly higher compared with that in the
active driving group (active driving: 16.3 %, after driving cessation: 27.9%; p < 0.01)
(Figure 2). Regarding specific activities of domestic life, cooking meals (27.0%), collecting
information (keeping up to date using newspapers and other news sources) (14.7%), and
shopping (14.5%) were often chosen in the active driving group, and cooking meals (36.7%),
shopping (11.7%), and laundry (11.7%) were often selected in the after driving cessation
group (Table 2). In specific activities of work/education, remunerative employment (56.4%)
and non-remunerative employment (38.5%) were often chosen in the active driving group,
and remunerative employment (66.7%) was often selected in the after driving cessation
group (Table 2).
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Table 1. Comparison of characteristics between the active driving and the after driving cessation
group in all the participants.

Group
Active Driving After Driving Cessation p Value
(n = 549) (n = 45)
Age (Years) 731+56 771+ 6.5 <0.001 a
Women, n (%) 280 (51.0) 36 (80.0) <0.001 b
Education (Years) 115+24 11.0+18 0.131a
Medication (Numbers) 356 +44 551 +43 0.005 a
BMI (kg/m?) 234+32 233+34 0.871 a
Grip strength (kg) 27.0+7.0 21.8£6.8 <0.001 a
JST-IC (Points) 12.1+£29 9.96 +2.7 <0.001 a
GDS (Points) 232+24 295426 0.118 a
Depression, n (%) 80 (14.6) 10 (22.7) 0.147b
Apathy, n (%) 115 (20.9) 17 (37.8) 0.009 b
Poor Cognition, n (%) 92 (16.8) 7 (15.6) 0.835b
Living Alone, n (%) 119 (20.9) 18 (40.0) 0.003 b
Physical frailty, n (%) 7 (1.3) 5(11.1) 0.001 b
Cognitive frailty, n (%) 47 (8.6) 7 (15.6) 0.102b
Social frailty, n (%) 61 (11.1) 12 (26.7) 0.002 b
Satisfaction with Activity 4.0 (4.0-5.0) 4.0 (3.3-5.0) 0.266 ¢
Performance of Activity 8.0 (7.0-10.0) 8.0 (7.0-10.0) 0.655 ¢

Values are mean =+ standard deviation (SD) or median (interquartile range); BMI, Body Mass Index; JST-IC,
Japan Science and Technology Agency Index of Competence; GDS, Geriatric Depression Scale; a Student’s t-test,
b Pearson’s x? test, c Mann-Whitney U-test.

Self-care

Mobility

Domestic life

Work/Education

Interpersonal interactions

Social life

Sport

Leisure

0(%) 5"%) 1 09/0 ] 500 20%1 25%) 30”0 35%’

All (7 =594) B Active driving (n= 549) O After driving cessation (12 = 45)

Figure 2. Comparison of the meaningful activities between the active driving group and the after driving cessation group in
all participants. * p < 0.05, active driving group vs. after driving cessation group.
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Table 2. Detail of meaningful activities related to domestic life and work/education in the active driving group and after

driving cessation group.

No. Active Driving Group (n = 549) After Driving Cessation Group (n = 45)
1 Cooking meals (27.0%) 1 Cooking meals (36.7%)
2 Collecting information (14.7%) 2 Shopping (11.6%)
3 Shopping (14.5%) Laundry (11.6%)
4 Cleaning (11.5%) 4 Cleaning (10.0%)
5 Laundry (10.6%) 5 Collecting information (8.3%)
6 Child Care (6.0%) 6 Management of property (6.7%)
L 7 Assisting old people/patients (4.0%) 7 Making and repairing clothes (5.0%)
Domestic life 8 Household maintenance (3.5%) Child Care (5.0%)
9 Management of property (3.0%) 9 Household maintenance (1.7%)
10 Maintaining vehicles/appliances (2.5%) Assisting old people/patients (1.7%)
11 Makeup (1.4%) Barbershop (1.7%)
12 Making and repairing clothes (0.9%)
13 Writing a letter /document (0.2%)
Barbershop (0.2%)
1 Remunerative employment (56.4%) 1 Remunerative employment (66.7%)
Work,/Education ; Non—reImunerative emPloymer;t (38.5%) 2 Non-remunerative employment (33.3%)
nformal education (4.5%)
4 School education (0.6%)

The activities selected by the older adults are listed in descending order for the items that showed a significant difference in the comparison

of meaningful activities.

To determine the effect of gender, we only analysed women. In women, the grip
strength (p < 0.001) and JST-IC score (p < 0.001) were significantly lower, and the proportion
of physical frailty (p = 0.001) and social frailty (p = 0.018) was significantly higher in the
after driving cessation group compared with those in the active driving group (Table 3).
Furthermore, in women, work/education was significantly higher in the active driving
group compared with the after driving cessation group (active driving: 5.7%, after driving
cessation: 1.1%; p < 0.05), and domestic life in the after driving cessation group was
significantly higher than in the active driving group (active driving: 19.8%, after driving
cessation: 29.4%; p < 0.05) (Figure 3). In contrast, for men only, “Leisure” was the most
frequently selected activity for both the active driving group (35.6%, Age: 74.2 + 6.0) and
the after driving cessation group (36.8%, Age: 78.3 &+ 6.9). Then, less frequent driving
resulted in lower grip strength (p < 0.007), and more apathy (p = 0.001) and social frailty
(p <0.025) (Table 4).
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Table 3. Characteristics in the active driving group and the after driving cessation group in women.

Group

Active Driving After Driving Cessation p Value

(n = 280) (n = 36)
Age (Years) 72.1+£5.0 77.6 + 6.6 <0.001 a
Education (Years) 11.3+19 109+ 17 0.243 a
Medication (Number) 318 £35 55+42 <0.001 a
BMI (kg/m?) 23.1+34 238 +£35 0.273 a
Grip strength (kg) 223 +42 196 +£4.1 <0.001 a
JST-IC (Points) 12.6 £ 2.6 102 +2.5 <0.001 a
GDS (Points) 24+24 3.0+25 0.181 a
Depression, n (%) 43 (15.4) 8 (22.9) 0.256 b
Apathy, n (%) 68 (24.3) 14 (38.9) 0.060 b
Poor Cognition, n (%) 35 (12.5) 4(11.1) 0.534b
Living Alone, n (%) 73 (26.1) 14 (38.9) 0.105b
Physical frailty, n (%) 1(0.4) 3(8.3) 0.005 b
Cognitive frailty, n (%) 14 (5.0) 5(13.9) 0.051b
Social frailty, n (%) 24 (8.6) 8(22.2) 0.018b
Satisfaction with Activity 4.0 (4.0-5.0) 4.0 (3.3-5.0) 0.178 ¢
Performance of Activity 7.0 (7.0-10.0) 10.0 (8.0-10.0) 0.281 ¢

Values are mean =+ standard deviation (SD) or median (interquartile range); BMI, Body Mass Index; JST-IC,
Japan Science and Technology Agency Index of Competence; GDS, Geriatric Depression Scale; a Student’s ¢-test,
b Pearson’s x? test, c Mann-Whitney U-test.

Self-care
Mobility
Domestic life sk
Work/Education sk
Interpersonal interactions
Social life __‘
- h
Leisure _
[
0% 5% 10% 15% 20% 25% 30% 35%

B Active driving (n=280) O After driving cessation (n=36)

Figure 3. Comparison of meaningful activities between the active driving and the after driving cessation group in women.
* p < 0.05, active driving group vs. after driving cessation group.
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Table 4. Characteristics of differences in the number of driving days per week.

Group

High-Frequency Medium Infrequent p Value

(n = 387) (n =119) (n =42)
Age, mean =+ SD (Years) 731+55 732 +56 737 £ 65 0.745 a
Women, n (%) 185 (47.8) 70 (58.8) 25 (59.5) 0.057 b
Education, mean + SD (Years) 115+24 11.6 +2.2 11.6 +25 0.721a
Medication + SD (Number) 37+48 32+34 3.0+34 0.319a
BMI, mean + SD (Kg/m?) 231+34 238 £3.5 23.1+4.0 0.273 a
Grip strength, mean + SD (Kg) 27.5+7.1 260 £7.1 25.0 £4.7 0.007 a
JST-IC, mean =+ SD (Points) 121+29 122 +2.8 11.6 + 3.0 0.445 a
GDS, mean =+ (Points) 22+23 2.6 £27 28+24 0.124 a
Depression, n (%) 48 (12.4) 22 (18.5) 10 (23.8) 0.055 b
Apathy, n (%) 66 (17.1) 33(27.7) 16 (38.1) 0.001 b
Poor Cognition, n (%) 71 (18.3) 15 (12.6) 6 (14.3) 0.309 b
Living Alone, n (%) 81 (20.9) 27 (22.7) 7 (16.7) 0.711b
Physical frailty, n (%) 4(1.0) 2(1.7) 1(2.4) 0.690 b
Cognitive frailty, n (%) 30 (7.8) 16 (34.0) 1(2.4) 0.050 b
Social frailty, n (%) 35 (9.0) 17 (14.3) 9(214) 0.025b
Satisfaction with Activity, Median (IQR) 4.0 (4.0-5.0) 4.0 (4.0-5.0) 4.0 (3.0-5.0) 0.289 ¢
Performance of Activity, Median (IQR) 8.0 (7.0-10.0) 8.0 (7.0-10.0) 9.0 (7.0-10.0) 0.642 ¢

SD, standard deviation; BMI, Body Mass Index; JST-IC, Japan Science and Technology Agency Index of Competence; GDS, Geriatric
Depression Scale; IQR, interquartile range; a one-way ANOVA, b Pearson’s x? test, c Kruskal-Wallis test. High-frequency group (6-7 days a
week), Medium group (3-5 days a week), and Infrequent group (2 days or less a week).

4. Discussion

As people get older, they may stop driving due to various reasons, such as deteriora-
tion in physical function. However, a driving interruption can be a turning point in their
lives. Changes in the living environment due to interruptions in driving are affected by
various factors such as physical and psychosomatic functions, personal factors, and envi-
ronmental factors, and these complex interrelationships can affect daily life. In this study,
we examined whether meaningful activities and psychosomatic function of community-
dwelling older adults differ due to their driving status. We found that the active driving
group valued work/education, while the after driving cessation group attached importance
to domestic life. Moreover, the grip strength and JST-IC score were significantly lower in
the after driving cessation group than in the active driving group. The proportion of apathy
and physical and social frailty were significantly higher in the after driving cessation group
than in the active driving group. In the active driving group, grip strength decreased,
and social frailty increased as the frequency of driving decreased. As public transport in
Tarumizu City is inadequate, it is challenging to live without a private car. Therefore, for
older adults considering driving cessation in the future, it is necessary to support them
considering their meaningful activities and intervene to maintain their physical activities.

Regarding the psychosomatic functions of the older adults who stopped driving, it was
found that their grip strength and activity ability were considerably reduced. Furthermore,
the incidences of apathy and physical and social frailty were high. Thus, we think that
various daily life activities are restricted by interrupted driving, which may cause a decrease
in muscle strength and the ability to be active as well as an increase in apathy in older
adults.

Comparing the meaningful activities between both the groups, it was found that
the active driving group attached high value to work/education, while the after driving
cessation group attached importance to domestic life. As the active driving group was
younger and had a higher proportion of men than the after driving cessation group, it
was comprised of individuals who were the financial earners in their family. A previous
study has reported that older people who retire from their full-time jobs have worse mental
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health (GDS-15) and Higher-Level Functional Capacity [45]. Therefore, the active driving
group in this study may consider that continuing to work can be effective in terms of health
maintenance and social participation. Psychosomatic health and daily and social activity
could be maintained by continuing work. In contrast, it has been suggested that increasing
the number of social participation activities and increasing participation in sports clubs
and neighbourhood associations will prevent physical weakness in older adults [46]. For
those who cannot continue their work or have already quit, it may be effective to work
in the neighbourhood instead of at their jobs. Conversely, the ratio of women was higher
in the after driving cessation group, and many women attached great value to domestic
life. Previous studies reported that women were focused on domestic life higher than
eight hours a week compared to men [47]. Further, women over the age of 65 also scored
significantly higher than men in activities associated with domestic life [22]. There existed
80.0% of women in the after driving cessation group in this study. Domestic life and indoor
activities are suggested to be meaningful activities after driving interruption for women. In
contrast, women in the active driving group placed greater importance on work/education.
Significant differences in activity before and after driving can have a negative impact on life
after driving cessation. Therefore, interventions based on social cognitive theory with an
emphasis on driving cessation plans and the involvement of friends and family as reported
in previous studies may be effective for driving cessation [48].

Previous studies have reported that low mileage while driving [11] and the proportion
of car accidents that occur after the age of 60 years are associated with physical frailty [12].
In this study, physical and social frailty were higher in the after driving cessation group
than in the active driving group. Therefore, it is suggested that driving cessation may
promote a decrease in social and physical activities [15]. Although previous studies have
reported the accelerated decrease of cognitive function after driving interruption, there was
no significant difference in Mini-Cog and cognitive frailty between the active driving and
the after driving cessation groups in our study. This may be because the sample size of the
after driving cessation group was small, and the duration after driving interruption was not
evaluated in this study. In contrast, the after driving cessation group had increased apathy
compared to the active driving group in this study. After driving cessation, they have fewer
opportunities to go out, and meaningful outdoor activities are limited; hence, they may
develop apathy. The authors acknowledge that the use of the apathy sub-scale of the GDS
in this study is complicated by the fact that the items “dropping activities” and “staying
home” are directly affected by driving cessation. Highly extensive and longitudinal studies
need to be performed to investigate the effect of driving cessation on cognitive function
and depressive status.

As drivers drive less frequently, their physical function declines and their social frailty
increases. This means that even those who are currently driving are likely to drive less
often and experience interruptions, increasing the risk of reduced activity, apathy, and
physical frailty. Previous studies have reported that lower Short Physical Performance
Battery (SPPB) scores were consistently with lower driving exposure and increased driving
cessation [49,50]. However, physical function is a correctable risk factor and an increase
in SPPB score can be achieved through fitness interventions [51]. Therefore, meaningful
activity, including physical factors, may prevent the decline in physical function due to
reduced or interrupted driving exposure. In addition, a decrease in driving frequency
may be a sign of decreased activity. Therefore, it is necessary to pay attention to the
frequency of operation and prevent the decrease in activity by meaningfully engaging
them, in preparation for life after the operation is stopped.

Although driving cessation is associated with psychosomatic function in older citizens,
pre-planning for driving cessation has been suggested to influence the quality of life of
older persons [52]. Moreover, professionals need to participate in the process as evaluators
of driving aptitude [53]. Therefore, occupational therapists should cooperate with driving
license centres and communities to support older adults considering driving cessation. The
results of this study indicate that we need to consider the meaningful activity of individuals
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and take measures to prevent apathy, muscle weakness, and reduction of activity through
planning for driving cessation.

This study has several limitations. First, it is a cross-sectional study, and we cannot
clarify whether our results are causes or results of driving cessation. Second, this study
was carried out in one city, and we cannot deny the selection bias. Therefore, we need
to perform high extensive and longitudinal studies to investigate the effect of driving
cessation on meaningful activity and physical and social frailty. Third, the percentage of
people after driving cessation in the final sample of the study was 8.2%, and the group sizes
between active driving and after driving cessation were very different. This means that
there is a higher scope for a wide variety of activities in the active driving group. However,
in previous studies, the percentage of people who stopped driving was 9.0% [2], 1.4% [5],
and 5.2% [6], and the after driving cessation group in this study was the same as or slightly
higher. Fourth, we did not determine the factors and details of why older people stopped
driving. The reasons to stop driving vary, and we need to analyse these reasons, including
physical, social, and psychological frailty, in further studies.

5. Conclusions

In conclusion, we found that meaningful activity differed depending on the driving
status; the active driving group valued work/education, while the after driving cessation
group attached importance to domestic life. Moreover, in terms of physical and psycho-
somatic function, the after driving cessation group may be associated with weak muscle
strength, apathy, and physical and social frailty. In addition, infrequent driving in the
active driving group may give rise to an increasing number of older adults with social
frailty. These results may be helpful in the pre-planning and support of driving cessation
in older adults.
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Abstract: The study aimed at assessing physical fitness and occurrence of the frailty syndrome among
social welfare homes’ residents as well as defining factors which determine the level of frailty and
its occurrence. The examination included 198 residents (115 females and 83 males of average age
75.5 £ 10.21) and was carried out with the use of the Short Physical Performance Battery (SPPB)
test with the following cut-off points: 0-6—frail, 7-9—pre-frail, 10-12—non-frail. The research
additionally collected data regarding age, gender, number of chronic diseases, education level, type
of prior work and current physical activity. In addition, the height and weight of the respondents
were measured. The frailty syndrome was found in more than a half of the examinees (104; 52.53%),
the pre-frailty state in 30.30% (1 = 60) and 17.17% (n = 34) were non-frail. The average result of the
SPPB test was 6.52 & 2.73, which proves a moderate limitation of the sample group’s fitness. No
significant differences were noted between female and male respondents (p = 0.27). The multifactorial
linear regression model showed that independent and direct frailty syndrome predicators included
age, number of chronic diseases and regular physical activity (p < 0.05). In conclusion, promoting
and encouraging regular, age and interest-related forms of physical activity among seniors might
foster the maintenance of their physiological reservoir and functional efficiency.

Keywords: aging; physical functional performance; nursing homes; frailty syndrome; physical fitness;
gait analysis

1. Introduction

Frailty is prevalent among elderly residents living in formal long- term care facilities [1].
One of the reasons of such a situation is that frailty and pre-frailty are significant predictors of
nursing home placement among community-dwelling older adults [2]. Unfortunately, frailty
syndrome is also an important predictor of mortality among older adults living in nursing
homes [3]. Taking the reversible character of frailty into consideration, it is important to
take a comprehensive view on frailty and carry out the appropriate interventions to prevent
mortality and other adverse outcomes among social welfare homes’ residents [1,4].

In Poland in 2020, 67,000 of residents of stationary social welfare institutions were
people over 60 years of age. Most of them (25,357 people, 24.1%) stayed in social welfare
homes (SWH) [5]. However, an epidemiological study conducted in long-term care facilities
in six European countries showed that Poland had one of the highest percentages of
residents with poor functional and cognitive status [6].
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Population ageing is one of the most significant demographic and social trends of the
21st century. In 2021, more than a fifth of the European Union (EU) population was 65 years
of age or older, and this segment is projected to grow to 31.1% by 2100 [7]. Two of the most
problematic expressions of population ageing are frailty and multimorbidity [8]. Therefore,
promoting physical activity among older people in order to maintain their satisfactory
health condition, physical activity and functional fitness and self-reliance has become one of
the prioritized strategic areas established by WHO for European countries in 2016-2025 [9].

The prevalence of frailty ranges between 4% and 59% in elderly populations and is higher
in women than in men [10]. More than 50% of the European population aged >50 years are
pre-frail or frail (the overall prevalence of pre-frailty was 42.9% and frailty was 7.7%). The
prevalence of frailty in Europe was estimated at approximately 3-15.6%, and in Poland it
was—3.1% [11]. The studies showed that the prevalence of frailty and pre-frailty syndrome
was of a higher incidence in inhabitants of formal long-term care (LTC) facilities than in
people living in the community [12,13].

Frailty in aging marks a state of decreased reserves, resulting in increased vulnerability
to adverse outcomes when exposed to stressors [14]. Functional reserve is essential to
avoid stressors impacting function, and when intrinsic capacity and functional reserve
are reduced the risk for additional disability is very high [15]. The most common concept
of frailty is physical frailty. This concept includes the following criteria: unintentional
weight loss (10 Ibs in the past year), self-reported exhaustion, weakness (low grip strength),
slow walking speed and low physical activity. Having at least three of them classifies
as a frailty diagnosis [16]. The most common concept of frailty is physical frailty. This
concept includes the following criteria: unintentional weight loss (10 lbs in past year), self-
reported exhaustion, weakness (low grip strength), slow walking speed and low physical
activity. Having at least three of them classifies one with a frailty diagnosis [16]. Chronic
inflammation is likely to play a pivotal role in frailty, both directly and indirectly through
other systems, such as the musculoskeletal, endocrine, and neurological systems [17].
Frailty increases health care expenditures and has a negative impact on older adults” quality
of life [1,18]. Frail elderly have been predisposed to functional deficits such as comorbidity
and mortality because frailty reduces their ability to maintain overall homeostasis [19].

Nursing home residents are a particularly vulnerable to frailty [13,20]. The main
determinants of being physically frail in nursing home residents’ are: malnutrition [21],
vitamin D deficiency [22,23], older age, female, living in a private institution, living with
unknown person or living alone, having no regular exercise (<2 times/week) and sedentary
behaviour, poor self-reported health, lower socioeconomic status, lack of educational
qualifications, obesity, being a smoker, and pain [24-26].

There is a lot of evidence which has proven that frailty among the elderly may be
delayed or reversed. The following actions might prove effective: a multicomponent
exercise programme, psychosocial intervention, cognitive stimulation, a combination of
resistance exercise and protein supplementation [27-29].

The study aimed at (1) analysing and assessing physical fitness and the occurrence of
the frailty syndrome among social welfare home residents as well as (2) defining factors
significantly determining the level of the aspects mentioned above in the research group.

2. Materials and Methods
2.1. Study Design and Setting

This was a cross-sectional study from February 2019 to October 2019. The research was
conducted in social welfare homes (SWH) in the Lower Silesia, Opolskie and Mazovian voivod-
ships in Poland. The research was carried out in accordance to the Declaration of Helsinki
and followed good clinical practice guidelines. The research project was approved by the
Bioethics Committee of Opole Medical School (no KB/202/FI/2019). All participants gave
written informed consent after explanation of the procedures involved. The STROBE guidelines
(Strengthening the Reporting of Observational Studies in Epidemiology) were followed.
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2.2. Participants

The study used a non-probabilistic sampling method. To calculate the minimal re-
quired number of participants for the sample, GUS data was used, which found 67,200 of
those over 60 lived in a social welfare home SWH in Poland. With a confidence level of 95%
and a margin of error of 5%, p = 50%, the minimum study sample was set at 382 subjects.
Therefore, the information about the study and the request for the agreement were sent to
14 social welfare homes. The management of all the 14 facilities gave their consent for the
examination. However, 165 out of 1320 residents had medical contraindications, 775 were
unable to perform the fitness test, 158 did not comply with the age criterium and 24 did not
agree to the examination (Figure 1).

Recruiting participants among
_ nursing home residents
(n=1320)

Excluded (n=1122)
o Not meeting inclusion criteria

(n=1098)
* Medical contraindications
(n=165)

e Unable to perform the
fitness test (n=775)
e Age <60 (n=158)
o Declined to participate (n=24)

Assessed for eligibility
(n=198)

'

Inclusion
(n=198)

:

(n=198)

Figure 1. Flow diagram of the study.

Finally, 198 residents were qualified, including 115 women and 83 men aged 60-96.
To be included in the study, participants were required to: (1) be of age of 60 years and
over, (2) be able to move independently and take the fitness test, (3) not have any medical
impediments, (4) be able to communicate verbally, and (5) provide voluntary written
consent to participate in the study. The exclusion criteria comprised (1) acute injuries and
infections, (2) recent myocardial infarction, (3) other medical impediments to research,
(4) the lack of verbal contact, and (5) lack of written consent to participate in the study.

2.3. Measurement Tools

Initially, the respondents filled in the authors’ self-written questionnaire to collect
data such as age, gender, number of chronic diseases, education, type of prior work and
current physical activity. In addition, their height (to the nearest 0.5 cm) and weight (to
the nearest 0.5 kg) were measured. Subjects were dressed in light clothing and stood
barefoot, upright, and with eyes directed straight ahead when being measured. Body mass
index (BMI) was calculated using participants” height (in meters) and mass measurements
(mass/ heightz). Using the World Health Organization (WHO) criteria (2000), BMI was
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used to categorize participants (underweight: <18.5 kg/m?; normal: 18.5-24.99 kg/m?;
overweight: 25-29.9 kg / m?2; obese: >30 kg/ mz).

To assess physical condition the SPPB test was applied [30]. The test consists of three trials:

The assessment of strength and endurance of the lower extremities: 5-fold stand-ups
off a chair with arms crossed on the chest. The time measured in seconds was recorded.

The assessment of static balance: a respondent is requested to keep their balance in
three positions (side-by-side, semi-tandem stand and tandem balance stand). Each next
position is performed if no complications with the previous one occur and an examinee is
able to withstand it for 10 s.

The assessment of walking speed: walking 4 metres at a normal pace. If examinees
walk with some orthopaedic aids, they use it during the examination. The time of the trial
was recorded.

The results recorded for each participant were compared with normative data and
assigned to 0-4 points for each trial. The overall test score ranged from 0-12 points [30-32].
The SPPB test scoring was used to assess the occurrence of the frailty syndrome. Regarding
the threshold score for frailty, older adults who score < 9 on the SPPB are most likely to
be classified as frail [33], and are at risk of losing the ability to walk 400 m [34] (predictive
validity). An SPPB score of <9 has the most desirable sensitivity (92%), specificity (80%)
and greatest area under the curve (AUC = 0.81) for identifying frail adults [35]. In order to
classify participants as frail, pre-frail and non-frail, the following cut-offs were used: SPPB
0-6 (frail), SPPB 7-9 (pre-frail), SPPB 10-12 (non-frail) [36]. The measurements and the
SPPB test were supervised and performed by the same professionals. They were performed
in the morning hours, in SWH common rooms and with the use of a standard chair to
assure the same research conditions.

2.4. Statistical Methods

The analysis of the quantitative variables was made by calculating the mean (M),
standard deviation (SD), median (Me) and quartiles (Q1, Q3). The qualitative variables’
data was assessed by calculating numbers and percentage of occurrence for each value
individually. The comparison of qualitative variables’ values in groups were counted with
the use of a chi-square test (with Yate’s correction for 2 x 2 tables) or a Fisher’s test. The
comparison of quantitative variables in two groups was carried out with a Mann-Whitney
test, while the comparison of quantitative variables’ values in three or more groups was
counted with Kruskal-Wallis” test. After statistically significant differences had been ob-
served, the post-hoc analysis was applied with the use of Dunn’s test to identify statistically
and significantly different groups. The comparison between qualitative variables’ values
in three or more subsequent measurements was calculated with Friedman’s test. After
statistically significant differences had been revealed, the post-hoc analysis (Wilcoxon’s
test for related pairs with Bonferroni correction) was applied so as to identify statistically
different measurements. The correlations between quantitative variables were made with
the use of Spearman’s correlation coefficient. The multifactorial analysis of the impact of
many variables on one qualitative variable was assessed with the linear regression method.
The results were presented in the form of regression model parameter values with a 95%
confidence interval. The significance level for the analysis was 0.05. The analysis was
calculated in programme R, version 4.1.2 [37].

3. Results
3.1. Descriptive Data

Compared to men, women were statistically significantly older (p < 0.001), had more
numbers of chronic diseases (p < 0.001), and had higher BMI values (p = 0.028). Statistically

significant differences were also observed between the genders in terms of education
(p = 0.022) and prior work (p = 0.007) (Table 1).
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Table 1. The characteristics of a sample group.

Gender

Parametr p
Women (N = 115) Men (N = 83) Total (N =198)
M + SD 77.83 +£10.17 72.27 £9.39 75.5 £10.21 p <0.001*
Age [years] Me 80 69 78
Q1-Q3 70.5-86 64.5-80.5 66-84
. M + SD 2.75 £ 1.09 23 £097 2.56 £ 1.06 p=10.001*
Number of chronic
di Me 3 2 2
1seases Q1-Q3 2-3 2-3 2-3
No 4 (3.48%) 2 (2.41%) 6 (3.03%) p=0022*
Primary 53 (46.09%) 28 (33.73%) 81 (40.91%)
Education Vocational 13 (11.30%) 25 (30.12%) 38 (19.19%)
Secondary 38 (33.04%) 24 (28.92%) 62 (31.31%)
High 7 (6.09%) 4 (4.82%) 11 (5.56%)
Physical 68 (59.13%) 67 (80.72%) 135 (68.18%) p=0.007 *
Pri X Combination of
rior wor physical and 15 (13.04%) 7 (8.43%) 22 (11.11%)
mental
Mental 22 (19.13%) 8 (9.64%) 30 (15.15%)
No 10 (8.70%) 1 (1.20%) 11 (5.56%)
No 41 (35.65%) 32 (38.55%) 73 (36.87%) p=0275
Physical activity Rare 35 (30.43%) 17 (20.48%) 52 (26.26%)
Yes 39 (33.91%) 34 (40.96%) 73 (36.87%)
BMI [kg/mz] M+ SD 27.69 £5.63 26.01 £4.84 26.99 £+ 5.37 p=0.028*
Me 27.27 25.26 26.3
Q1-Q3 23.86-31.56 22.58-28.52 23.2-30.1
BMI interpretation Underweight 4 (3.48%) 2 (2.41%) 6 (3.03%) p =0.156
Standard 37 (32.17%) 37 (44.58%) 74 (37.37%)
Overweight 37 (32.17%) 28 (33.73%) 65 (32.83%)
Obesity 37 (32.17%) 16 (19.28%) 53 (26.77%)
Legend: p-Mann-Whitney’s test for quantitative variables, Chi-squared or exact Fisher’s test for qualitative
variables, * statistically significant difference (p < 0.05).
3.2. Main Results
The mean of the SPPB test score was 6.52 & 2.73 and the median was 6, which proves
a moderate limitation of the group’s fitness. The best statistically significant result was
obtained in the walking speed at the 4 m distance trial (2.44 & 1.07; p < 0.001) compared to
other trials (Table 2).
Table 2. The statistical characteristics of the SPPB test results.
Trial N M SD Me Min Max Q1 Q3 14
SPPB test 198 6.52 273 6 1 12 4.25 9
Standing off a chair (A) 198195 12 2 0 4 1 3 p <0.001*
Balance test (B) 198 213  1.07 2 0 4 1 3
Walking speed at a 4 m distance (C) 198 244 1.07 2 1 4 2 3 C>AB

Legend: p-Friedman'’s test + post-hoc analysis (Wilcoxon's test for related pairs with Bonferroni correction).
* statistically significant difference (p < 0.05).

The prevalence of frailty among the residents of SWH was found in over half of the
respondents (1 = 104; 52.53%), both pre-frail (n = 60; 30.30%) and non-frail (n = 34; 17.17%).
There were no statistically significant differences between groups of women and men
(Table 3).
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Table 3. The proportion of frail, pre-frail and non-frail residents in a sample group.

Gender
Frailty Syndrome Ranges 14
Women (N = 115) Men (N = 83) Total (N =198)
Frail 66 (57.39%) 38 (45.78%) 104 (52.53%) p=027
Pre-frail 31 (26.96%) 29 (34.94%) 60 (30.30%)
Non-frail 18 (15.65%) 16 (19.28%) 34 (17.17%)
Legend: p-chi-squared test.
Gender differentiates the results of the SPPB test, however only in a ‘walking speed’
trial, where the statistically significantly higher score was in men rather than in women
(2.65 £ 1.12 vs. 2.29 4+ 1.01; p = 0.022). The level of activity declared by the respondents
also significantly differentiated the results of the SPPB test. The overall SPPB score and
trial scores were significantly higher in the physically active group than in all other groups
(p < 0.001). However, there were no statistically significant differences when taking into
account such variables as education or prior work (Table 4).
Table 4. Statistical characteristics of the SPPB test results in correlation to gender, education, prior
work and level of physical activity.
Gender
Test 4
Women (N = 115) Men (N = 83)
M+ SD 6.28 + 2.68 6.86 + 2.78
SPPB test Me 6 7 p=0.128
Q1-Q3 4-8 5-9
M +£SD 187 +12 2.06 £1.2
Standing off a chair Me 1 2 p=0.220
Q1-Q3 1-3 1-3
M=+ SD 2.11 £1.02 216 £1.13
Balance test Me 2 2 p=0.797
Q1-Q3 1-3 1-3
M+ SD 2.29 +£1.01 2.65 £ 1.12
Walking speed at a 4 m distance Me 2 3 p=0.022%*
Q1-Q3 1-3 2-4
Education
Test No, primary Vocational Secondary (N High r
(N =87) (N =38) =62) (N =11)
M=+ SD 6.41 £249 6.92 +2.84 6.71 £2.79 4.91 + 3.56
SPPB test Me 6 7 6 5 p=0.304
Q1-Q3 5-8 5-9 5-9 2-7.5
M+ SD 193 +1.14 2.05 4+ 1.18 2.03 +£1.28 127 +£1.27
Standing off a chair Me 2 2 2 1 p=0212
Q1-Q3 1-3 1-3 1-3 0.5-1.5
M £ SD 214101 2264+ 1.08 219 +1.04 1.55 £ 1.51
Balance test Me 2 2 2 2 p =0.356
Q1-Q3 1-3 2-3 1-3 0-2
M +£SD 2.36 + 1.03 2.66 £ 1.07 248 £ 1.1 2.09 £1.14
Walking speed at a 4 m distance Me 2 3 2.5 2 p=0.352
Q1-Q3 2-3 2-4 2-3 1-3
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Table 4. Cont.

Prior Work
Combination
Test Physical of Physical Mental No 4
(N =135) and Mental(N (N =30) (N=11)
=22)
M £ SD 6.53 2.5 6.55 £ 2.65 6.47 £+ 3.69 6.55 + 3.01
SPPB test Me 6 6 6 6 p=0.997
Q1-Q3 5-8 5-9 3-10 4.5-9
M + SD 1.98 £1.15 1.86 £1.17 1.87 £1.48 2+1.26
Standing off a chair Me 2 1 1 2 p=0.811
Q1-Q3 1-3 1-2 1-3 1-2.5
M+ SD 2.1+£1.01 223 +£1.11 217 £1.26 227 +£1.27
Balance test Me 2 2 2 2 p=0.934
Q1-Q3 1-3 2-3 1-3 1-3.5
M+ SD 2.46 £+ 1.02 245+ 1.1 24+13 227 £1.01
Walking speed at a 4 m distance Me 2 2 2.5 2 p=0.949
Q1-Q3 2-3 2-3 14 15-3
Physical Activity
Test No-A Rare-B Yes-C r
(N =73) (N =52) (N =73)
M £ SD 5.53 £+ 2.38 5.98 + 2.62 7.89 £+ 2.61 0.001 *
SPPB test Me 5 55 8 p c< BA
Q1-Q3 4-7 4-8 6-10 > b
M+ SD 1.68 £1.12 1.67 £1.13 241+1.21 N
Standing off a chair Me 1 1 2 pC< 0'20113
Q1-Q3 1-2 1-3 1-4 > A
M+ SD 1.82 +£0.98 2.02 +£0.98 252 £1.11
p<0.001*
Balance test Me 2 2 2 C>BA
Q1-Q3 12 1-2 2-3 > b
M=+ SD 2.04 +£0.92 225+ 1.05 297 £1.01 N
Walking speed at a 4 m distance Me 2 2 3 P C< 0.001
Q1-Q3 1-3 1-3 24 >B.A

Legend: p-Mann-Whitney’s test (gender), p-Kruskal-Wallis test (education, prior work), p-Kruskal-Wallis
test + post hoc analysis (Dunn’s test) (physical activity), * statistically significant difference (p < 0.05).

A weak (r = —0.2), but statistically significant negative correlation between age and
the overall number of the SPPB test points (p = 0.003) and the points at the ‘standing off a
chair’ (p < 0.001) and ‘walking speed at 4 m distance’ trials (p = 0.003) were found. It might
be concluded that the higher the age, the lower the score at the trials mentioned above.
We also found a moderate (r = —0.5) statistically significant negative correlation between
number of chronic diseases and SPPB test (p < 0.001) and ‘walking speed at a 4 m distance’
(p < 0.001). Another weak statistically significant negative correlation was found between
number of chronic diseases and ‘standing off a chair’ (r = 0.3; p < 0.001) and balance test
(r=0.4; p <0.001). The more chronic diseases the residents of SWH suffered from, the lower
the scores in all examined aspects (Table 5).

Table 5. Correlations between the SPPB test results and age, number of chronic diseases and BMIL

Variable Test Spearman’s Corellation Coefficient
SPPB test r=—0.213. p = 0.003 *
Age [years] Standing off a chair r=—0.265. p <0.001 *
gely Balance test r=—0.041. p = 0.565
Walking speed at a 4 m distance r=—0.211. p=0.003 *
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Table 5. Cont.

Test

SPPB test
Standing off a chair
Balance test
Walking speed at a 4 m distance

SPPB test
Standing off a chair
Balance test
Walking speed at a 4 m distance

Spearman’s Corellation Coefficient

r=—0.489.p <0.001 *
r=-0.351. p<0.001*
r=—0.434. p <0.001*
r=—0.466. p <0.001 *

r=—0074.p=03
r=—0.041. p=0569
r=—0.039. p = 0585
r=—0.132. p =0.063

Variable

Number of chronic diseases

BMI [kg/m?]

Legend: * statistically significant difference (p < 0.05).

The multifactorial model of linear regression showed that significant (p < 0.05), in-
dependent and direct predictors of the frailty syndrome included age, number of chronic
diseases and regular physical activity. Each next year of age decreased the SPPB test score
by 0.042 pts. on average (regression parameter —0.042). Each additional chronic disease
decreased the SPPB test score by 1.071 pts. on average (regression parameter —1.071), and
physical activity increased the score by 2.3 pts. compared to the complete lack of activity
(regression parameter 2.3) (Table 6).

Table 6. Direct predictors of the frailty syndrome-the multifactorial analysis.

SPPB Test
Feature Parameter 95%CI p
Gend Women ref.
ender Men —0.104 —0.803 0.596 0.771
Age [years] —0.042 —0.075 —0.009 0.013 *
No, primary ref.
Ed R Vocational 0.057 —0.851 0.965 0.902
ucation Secondary —0.783 —1.803 0.237 0.134
High —1.037 —2.893 0.82 0.275
Physical ref.
Pri K Combination of physical and mental 1.045 —0.252 2.342 0.116
rior wor Mental 0.924 —0.331 2.178 0.151
No 0.101 —1.346 1.548 0.891
Number of chronic diseases —1.071 —1.395 —0.747 <0.001 *
BMI [kg/mz] 0.022 —0.039 0.084 0.477
No ref.
Physical activity Rare 0.704 —0.107 1.514 0.091
Yes 2.3 1.553 3.047 <0.001 *

Legend: p-multifactorial linear regression, * statistically significant difference (p < 0.05).

Age, the number of chronic diseases and regular physical activity proved to be sig-
nificant (p < 0.05), as did direct predictors of the ‘standing off a chair’ and ‘walking speed
at 4 m distance’ trials, while prior combination work, number of chronic diseases and
regular physical activity mattered at the ‘balance test’ trial. In the ‘standing off a chair’
trial, each next year of age decreased the trial score by 0.028 pts. on average (regression
parameter —0.028), and each additional chronic disease decreased the score by 0.272 pts.
on average (regression parameter —0.272) and physical activity increased the score by
0.723 pts. on average compared to the complete lack of activity (regression parameter
0.723). In the ‘balance test’ trial, prior combination work enhanced the trial score by 0.56 pts.
while compared to physical work (regression parameter 0.56), each additional chronic
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disease reduced the score by 0.421 pts. on average (regression parameter —0.421), and
physical activity increased the score by 0.668 pts. compared to complete lack of activity
(regression parameter 0.668). In the ‘walking speed at 4 m distance’ trial, each next year of
age reduced the trial score by 0.015 pts. on average (regression parameter 0.015), and each
additional chronic disease reduced the score by 0.38 pts. (regression parameter —0.38), and
physical activity increased the score by 0.904 pts. compared to the complete lack of activity
(regression parameter 0.904) (Table 7).

Table 7. Direct predictors of ‘standing off a chair’, walking speed at 4 m distance’ and ‘balance test’

trials.
Standing Off a Chair
Feature Parameter 95%CI P
Gend Women ref.
ender Men 0.083 —0.197 0.362 0.563
Age [years] —0.015 —0.028 —0.002 0.03 *
No, primary ref.
Ed . Vocational 0.078 —0.285 0.441 0.674
ucation Secondary —0.241 —0.649 0.167 0.249
High —0.035 —0.777 0.707 0.926
Physical ref.
Pri K Combination of physical and mental 0.339 —0.179 0.858 0.201
rior wor Mental 0.202 03 0.704 0.431
No —0.035 —0.613 0.544 0.907
Number of chronic diseases —0.38 —0.51 —0.251 <0.001 *
BMI [kg/m?] —0.002 —0.027 0.023 0.874
No ref.
Physical activity Rare 0.313 —0.011 0.637 0.06
Yes 0.904 0.605 1.202 <0.001 *
Balance Test
Feature Parameter 95%CI p
Gend Women ref.
ender Men —0.107 —0.402 0.188 0.479
Age [years] 0.001 —0.013 0.015 0.889
. No, primary ref.
Education Vocational 0.157 —0.226 0.54 0.422
Secondary —0.336 —0.766 0.094 0.128
High —0.506 —1.289 0.277 0.207
Physical ref.
Pri K Combination of physical and mental 0.56 0.013 1.107 0.046 *
rior wor Mental 0.468 —0.061 0.997 0.085
No 0.221 —0.389 0.831 0.479
Number of chronic diseases —0.421 —0.558 —0.285 <0.001 *
BMI [kg/m?] 0.009 —0.016 0.035 0.475
No ref.
Physical activity Rare 0.267 —0.074 0.609 0.127
Yes 0.668 0.353 0.983 <0.001 *
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Table 7. Cont.

Walking Speed at a 4 m Distance

Feature Parameter 95%CI p
Gend Women ref.
ender Men 0.083 —0.197 0362 0.563
Age [years] —0.015 —0.028 —0.002 0.03 *
No, primary ref.
Educati Vocational 0.078 —0.285 0.441 0.674
ucation Secondary —0.241 —0.649 0.167 0.249
High —0.035 -0.777 0.707 0.926
Physical ref.
Pri X Combination of physical and mental 0.339 —0.179 0.858 0.201
riorwor Mental 0.202 -03 0.704 0431
No —0.035 —0.613 0.544 0.907
Number of chronic diseases —0.38 —0.51 —0.251 <0.001 *
BMI [kg/m?] —0.002 —0.027 0.023 0.874
No ref.
Physical activity Rare 0.313 —0.011 0.637 0.06
Yes 0.904 0.605 1.202 <0.001 *

Legend: p-multifactorial linear regression, * statistically significant difference (p < 0.05).

4. Discussion
4.1. Key Results and Interpretation

The primary aim of the research was to analyse and assess physical activity and the
occurrence of the frailty syndrome among the SWH residents. The average score of the
sample group proves their moderate limitation with regard to fitness. The best scores
were noted at the ‘walking speed at 4 m distance’ trial, whereas the lowest were found
at the ‘5-fold-standing off a chair’, which measured the strength and endurance of lower
extremities, or the ‘balance test’. The overall SPPB test results, ‘standing off a chair” and
‘balance test’ trials” scores in female and male groups did not differ from one another to any
significant degree. Male respondents noted significantly better results at the ‘walking speed
at 4 m distance’ trial. Similar results were noted by Guede Rojas et al. They used a senior
fitness test and found that the elderly male group achieved better results than the female
one in a ‘2-min marching test’ [38]. De Amorim at al. indicated that frailty prevalence is
significantly higher among women than men [39].

Such relatively low results achieved by the respondents in the SPPB test might be
related to the place of residence, namely SWH. Most physical activity performed by elderly
people is connected with their household duties and daily routine. SWH residents lack
this kind of daily activity. The performing of daily chores in SWH is highly limited. It is
possible that reducing their daily regular activities results in limited physical fitness and
significantly lower scores at the ‘walking speed’ trial, especially among women.

The limitations of opportunities in performing daily duties among the elderly, re-
sulting from low levels of fitness or physical endurance, are closely related to the lack of
regular physical activity. According to Fisher et al., a low level of physical activity was
connected with the fact of dwelling in a SWH and the level of activity decreased with the
age of seniors [40]. Residing in nursing institutions means leading a sedentary lifestyle [41].
Barber et al. assessed SWH residents’ daily activity for seven days with the use of an
accelerometer. The results showed that the level of activity among the examinees was very
low: they spent 79% of the day in a sitting position [42].

Low levels of physical activity in Polish seniors may be related to cultural and social
factors as well. The current generation of seniors acquired their habits and behavioural
patterns, as well as the ones connected with physical activity, in communist Poland. Polish
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and other post-communist countries’ seniors lived in a different cultural context than
their West European or North American counterparts, where the idea of active aging was
thoroughly grounded. In Poland, senility was traditionally considered as the time of well-
deserved rest. Also a small fraction of Bohemian seniors take part in sports activities or
other forms of physical exercise [43]. The results are collected in the research project entitled
‘Bridging the East-West Health Gap’, which aimed at examining health condition, attitude
and pro-health behaviours in adults from selected Central-Eastern and Western countries,
and indicated a huge diversity of physical activity levels in each country. The greatest
proportion of physically active respondents was found in West European countries (30.2%
Finland, 23.7% Spain) whereas the smallest was in post-communist ones (6.4% Poland,
12.3% Hungary) [44].

Attention ought to be paid to the high proportion of frail and pre-frail respondents
found in the self-reported study and the fact that only 17.17% were non-frail. It might be
concluded that most of the elderly residents of SWH are at risk of the frailty syndrome.
The research by Furtado et al. confirms that institutionalized women, who are found less
physically active and not self-reliant, are particularly prone to frailty syndrome occur-
rence [45]. The issue of frailty in SWH residents was also studied by Kaczorowska et al. The
researchers examined 85+ women residing SWH. There was no non-frail individual found
among 17 women [20]. The frailty syndrome reduces an elderly person’s self-reliance. It
leads to an increased vulnerability to unfavourable health-related incidents such as falls,
hospitalizations, disability, institutional residence or death [16,46,47]. The correlation be-
tween the frailty syndrome and falls in the elderly, assessed on the basis of low SPPB test
results, was presented by various authors [47]. Early recognition of the risk of frailty is
incredibly crucial, as thanks to the multidirectional prophylaxis there is a possibility to
prevent it and improve a patient’s condition [48].

More and more research currently makes use of the SPPB test to assess frailty syndrome
occurrence. Pritchard et al. examined patients from a geriatric out-patient clinic at the
Centre for Healthy Aging in Canada according to Fried’s phenotype method with the use of
the SPPB test. They achieved similar results to the self-reported ones. After the application
of the SPPB test, they found out that 50% of the patients were frail, 35% were pre-frail and
15% were non-frail. Taking into account the Fried’s phenotype method, 35% were frail, 57%
pre-frail and 7% were non-frail. There was fair to moderate agreement between methods for
determining which participants were frail and pre-frail [48]. Danilowich et al. researched
seniors in a care home in Illinois with the same test and free online calculator, SHARE-FI.
Their online results also resembled the self-reported ones: 45% of the respondents were
found to be frail, 35% were pre-frail and 20% were non-frail. The results of the SPPB test
revealed that 69% were frail, 28% were pre-frail and 3% were non-frail patients. There
was fair to moderate, but statistically significant agreement between these measures [49].
A Spanish study was conducted among over 65year-olds and those respondents living
independently. The frailty syndrome was diagnosed with the use of the Frailty Trail Scale
(FTS) and physical fitness was assessed with the SPPB test. The authors found a significantly
adverse correlation between the results of both measures. A lower score on the SPPB test
was related to a higher score on the FTS test and higher intensity of frailty syndrome [50].

The following aim of the study was to determine the factors importantly influencing
the level of physical fitness and the occurrence of the frailty syndrome in the research group.
It was revealed that demographic variables affected the SPPB test results. Gender was
statistically determinant only in the ‘walking speed at 4 m distance’ trial, although men
achieved slightly better results in all trials as well. Other demographic variables, such as
education or prior work experience, did not affect physical fitness to any significant degree.
Some authors, however, report that frailty prevalence is significantly higher among those
having a low educational level and those whose job was predominantly physical. These
findings may suggest that work factors could explain the incidence of frailty syndrome [39].
This was not confirmed by the results of our analyses. This would require further research.
On the other hand, the factor that significantly differentiated the results was physical

253



Int. J. Environ. Res. Public Health 2022, 19, 7449

activity. The respondents who declared being physically active achieved higher overall
scores as well as in each individual trial than those who rarely or never undertook physical
activity. Taking into consideration correlations between age, number of chronic diseases and
BM], the first two variables correlated adversely with the level of fitness. The multifactorial
model of linear regression also showed that age, number of chronic diseases and regular
physical activity were independent and direct predictors of frailty. The research by other authors
found some other variables as strong predictors, namely advanced age elderly, osteoarticular
disease, as well as history of hospitalization and falls in the last twelve months [51]. The research
by Miller et al. showed that a lower score at the SPPB test was linked to higher age, falls and
chronic diseases such as diabetes, sight disorders and kidney issues [52].

The decline of physical activity and functional fitness related with age among elderly
men and women was confirmed in the study by Milanovic et al. [53] in which young
elderly (60-69 years of age) achieved better results than old elderly (70-80) in almost all
the trials of physical fitness assessed with the use of the Senior Fitness Test. Moreover, the
study concluded that the decrease of physical activity and functional fitness is caused by
a natural aging process. The research of Delbari at al. shows that only the age predictor
variable has a statistically significant effect on the occurrence of frailty and, indeed, the
frequency of frail older adults significantly increases with age. This result was supported
by other studies [29,54,55]. We know that frailty risk increases in association with age,
which could be due to the biological rather than the chronological age of individuals. There
is consequently an erosion of the homeostatic reserve and vulnerability to disproportionate
changes in health status after relatively minor stress events. There is a continuous loss of
strength and aerobic resistance, which causes a decrease in functional independence and
makes the older adult frail. In general, frailty is superior to age in identifying at-risk older
people [56,57].

A vast number of researchers highlight the importance of physical activity and its
direct influence on the level of fitness in the elderly as well as the occurrence of the frailty
syndrome. The differences in scores of physical fitness between sedentary and active
lifestyle groups were confirmed by the study of Silva et al. [58]. The data related to the
correlation between sedentary lifestyle or the level of physical activity and physical fitness
among elderly patients revealed that the active group achieved higher scores on the Senior
Fitness Test than the inactive group. The authors concluded that future prospective research
ought to assess the level of physical activity more objectively and discover the causal links
between the level of physical activity and fitness in the elderly. To maximize the benefits of
physical activity, older people should be encouraged to break down their daily sedentary
routine and avoid long-lasting sedentary periods. According to the research by Silva et al.,
the frailty syndrome is more common among older people who are insufficiently active and
spend most of their time sitting, even when considering socio-demographic factors [59].

The scientific data acknowledges that the level of physical activity usually decreases
with age and is connected with the decline of functional fitness [52]. It confirms the as-
sumption that the level of physical activity is affected by the aging process and leads to the
reduction of functional fitness. The level of physical activity influences the maintenance
and the increase of physical fitness [60], and every form of physical activity is better than
none [61,62]. The research [63] also noted that lifestyle behaviours such as physical activity
may help manage the level of frailty. Adversely, a sedentary lifestyle is connected with
frailty regardless of physical activity. Prolonged sitting comes with higher risks of mortality
in frail elderly people. Conversely, the research by Billot et al. into the mobility behaviours
in the frail elderly suffering from sarcopenia revealed that one of the most common features
of aging is the decline of functional skills. Physical frailty and sarcopenia are characterised
by weakness, slowness and reduced muscle mass with maintained independent walking
skills. One of the strategies which showed some benefits in fighting the mobility loss and
its consequences in the elderly is physical activity [64]. Sarcopenia and frailty have mutual
aetiology, but aging is connected with a changed signalization of redox in the skeletal
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muscles. Modifiable risk factors improve protein synthesis and prevent muscle loss with
age. Therefore, physical activity plays a crucial role in preventing these processes [65].

The profession and previous type of work affect the accumulated cognitive reserves. In
everyday life, we use only a small part of our cognitive resources. With age, the intellectual
abilities are impaired, and this reserve is activated and allows for the compensation of the
emerging deficits, which guarantees the maintenance of good cognitive functioning until old
age [66]. Our own research showed that the type of prior work and physical activity were
important independent direct predictors of the result of the static equilibrium test. A prior
combination of physical and mental work and systematic physical activity has a positive effect
on balance. Research by Yokoyama et al. showed that two-task cognitive-motor training was
more beneficial than just motor training in improving cognitive functions in sedentary elderly
people [67]. Similarly, in the studies by Hagovska and Olkeszyova, significant relationships
between balance, walking speed and cognitive functions were recorded among the elderly
with cognitive impairment who participated in cognitive-motor training [68].

To conclude, aging results in the body fat, reduction of muscle strength, and lower
levels of flexibility, agility, and endurance. However, the process of aging is natural and
inevitable, and an appropriate level of physical activity might slow down the loss of
functional and physical skills and help maintain healthy lifestyles in the elderly [69].

4.2. Strenghts of the Study

The standardized testing tool, the SPPB test, was used, which is highly sensitive
at identifying frail individuals and correlates well with other methods which assess the
phenomenon, such as Fried’s phenotype method, the free online calculator SHARE-FI and
the Frailty Trait Scale.

4.3. Limitations

This research has some limitations. As we mentioned in the methodology section,
our study lasted from February 2019 to October 2019. In this period we analyzed 198 par-
ticipants. We are aware that ultimately we should examine 382 participants. Following
previous research by Hamilton et al. [70] and Mizumoto et al. [71] we decided to intention-
ally suspend our research during the winter period. These authors have reported that the
activity range for adults decreases during the winter season compared with that reported
during the summer season [70,71]. If we were to continue the research in the winter of
2019/2020, we could have obtained much worse results in the SPPB test. We wanted to
continue our research in March 2020, but the first cases of patients with COVID-19 in Poland
were reported at that time. From 4 March to 30 April 2020, a total of 12,877 laboratory-
confirmed COVID-19 cases were registered in Poland. The highest rates for COVID-19 were
recorded in the Lower Silesia Province, Silesia and Mazovia [72]. This was the area of our
research. As Raciborski et al. reported, the main setting of SARS-CoV-2 transmission was
nursing homes (outbreaks of infection in long-term care facilities) [72]. Therefore, we have
not obtained consent to continue our research on the forms of the management of social
welfare homes. Therefore, we finally decided to analyze the data from 198 participants.

The second limitation of the study was the fact that the nutrition style in SWH was
not taken into account, and no standardized measure was applied to assess the examinees’
physical activity. A further limitation may stem from the fact that the correlation between
place of residence of seniors and the level of their fitness may be adverse. There is a strong
need for further research to determine the factors affecting frailty syndrome occurrence in
institutionalized people.

5. Conclusions

Functional fitness of elderly SWH residents was limited to a moderate degree. Limit-
ing physical fitness causes a decrease in independence in everyday activities. Systematic
physical activation of the inhabitants of nursing homes would limit this unfavorable phe-
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nomenon. A large proportion of the SWH seniors were frail or pre-frail, which proves
their susceptibility to disability, lower immunity to stressors and decreased adaptational or
physiological body reservoirs. The consequence of the frailty syndrome is disability and
frequent hospitalizations. Therefore, prophylaxis and activities aimed at improving the
condition of people diagnosed as frail should be introduced in social welfare homes.

Direct risk factors of the frailty syndrome were age, number of chronic diseases and low
level of physical activity. Proper treatment of chronic diseases as well promoting regular,
age and interest-related forms of physical activity among seniors as well as encouraging
SWH residents to take part in physical activity classes may facilitate physiological and
functional fitness reservoirs’ maintenance.
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LI N O

Abstract: Background: Frailty is a serious physical disorder affecting the elderly all over the world.
However, the frail elderly have low physical fitness, which limits the effectiveness of current exercise
programs. Inspired by this, we attempted to integrate Baduanjin and strength and endurance
exercises into an exercise program to improve the physical fitness and alleviate frailty among the
elderly. Additionally, to achieve the goals of personalized medicine, machine learning simulations
were performed to predict post-intervention frailty. Methods: A total of 171 frail elderly individuals
completed the experiment, including a Baduanjin group (BDJ), a strength and endurance training
group (SE), and a combination of Baduanjin and strength and endurance training group (BDJSE),
which lasted for 24 weeks. Physical fitness was evaluated by 10-meter maximum walk speed
(10 m MWS), grip strength, the timed up-and-go test (TUGT), and the 6 min walk test (6 min WT). A
one-way analysis of variance (ANOVA), chi-square test, and two-way repeated-measures ANOVA
were carried out to analyze the experimental data. In addition, nine machine learning models
were utilized to predict the frailty status after the intervention. Results: In 10 m MWS and TUGT,
there was a significant interactive influence between group and time. When comparing the BDJ
group and the SE group, participants in the BDJSE group demonstrated the maximum gains in
10 m MWS and TUGT after 24 weeks of intervention. The stacking model surpassed other algorithms
in performance. The accuracy and precision rates were 75.5% and 77.1%, respectively. Conclusion:
The hybrid exercise program that combined Baduanjin with strength and endurance training proved
more effective at improving fitness and reversing frailty in elderly individuals. Based on the stacking
model, it is possible to predict whether an elderly person will exhibit reversed frailty following an
exercise program.

Keywords: frail; Baduanjin; strength training; endurance training; Explainable Artificial Intelligence

1. Introduction

Frailty is a physical illness that increases with age [1,2] and may be accompanied by
psychiatric problems such as cognitive impairment [3]. Meanwhile, elderly people who are
frail carry a higher risk of falls, hospitalizations, and care home admissions. Frailty has five
clinical features, including unexplained body mass loss, fatigue, idleness, slow movement,
and weakness, and frailty is diagnosed when three or more of these characteristics are
simultaneously present [4,5]. Elderly people who are frail not only carry a higher risk of
falls, hospitalizations, and care home admissions [6], but also higher rates of morbidity,
mortality, and failure to rescue after major procedures across surgical specialties [7-18].
Furthermore, frailty also shows negative effects on health systems and the social economy;
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nearly half of Medicare spending is attributed to frailty [19]. In the USA, the Netherlands,
and Australia, the frail elderly have an average annual healthcare cost that ranges between
USD 7500 and 17,500 [20-22]. Thus, given the high financial and emotional burden on the
families and healthcare systems, affordable treatments for the core diagnostic symptoms of
frailty represent a severe unmet medical need.

Fortunately, frailty is reversible and can be prevented, delayed, or even restored to
health through specific interventions and personalized health strategies [23-25]. An exer-
cise program is an efficient means to enhance the strength of skeletal muscles, improve
neuromuscular control, and boost the body’s immunity, which in turn helps the body to
recover from frailty [26-28]. In terms of type, both strength training and endurance training
were shown to be efficient in enhancing neuromuscular control and have a positive impact
on cardiorespiratory fitness [29]; as a low-intensity aerobic exercise and Chinese traditional
exercise, Baduanjin can improve physical health by working from the inside out [30], and a
systematic review has shown its benefits for quality of life, sleep quality, balance, handgrip
strength, trunk flexibility, systolic and diastolic blood pressure, and resting heart rate [31].
Moreover, Baduanjin involves soft, slow, simple, and safe movements, which are remark-
ably suitable for the frail elderly. In addition, since previous research demonstrated that
proper training techniques may promote exercise habits in elderly individuals, practices
integrating Baduanjin might be considered more successful in inspiring elderly individuals
to continue exercising [32].

Although good results were achieved with the frail elderly in the works mentioned
above, approximately 42.4-56.3% of them did not experience restored health after the
exercise program [33,34]. Fortunately, multi-component exercise has been proven in several
studies to have a better effect on frail elderly [25,35-39]. These studies, which incorporate
strength training, endurance training, and balance training, were used to improve frailty
in older adults. In addition, we proposed a mixed training program of Tai Chi, strength,
and endurance that was effective in improving strength, walking speed, and endurance
in frail older adults in one of our previous studies [40]. This result raises great confidence
that hybrid exercise can better improve the health of the frail elderly. Inspired by previous
studies [25,35-40], we hypothesized that a hybrid exercise training incorporating Baduanjin
could benefit frail older adults by compensating precisely for strength and endurance
requirements. Therefore, with the main target of correcting frailty and restoring the physical
state in elderly individuals, we added Baduanjin to strength and endurance exercises.

There is a great expectation that personalized medicine will aid in delivering medical
care that is more suitable to the individual. However, institutions face difficulties in design-
ing the most appropriate exercise programs due to the complex interaction mechanisms of
the human body; in this context, the Explainable Artificial Intelligence (XAI) that we chose
to use simulates the clinical treatment process and elucidates its underlying mechanisms
of action. Its interpretability could ensure the understanding and trustworthiness of the
system [41,42]. Meanwhile, artificial intelligence plays an important role in frailty diagnosis
and care [43,44]. Machine learning has also been shown to be effective in screening for
frailty and predicting readmission risk in frail individuals [45,46]. Thus, we constructed
nine classical models incorporating the characteristics of the frail elderly’s physical fitness
status and type of intervention to forecast their frailty after the intervention and thus build
exercise regimens for them.

To summarize, the goal of this study was to improve physical fitness and reverse frailty
in elderly individuals through constructing a hybrid exercise plan that includes Baduanjin,
strength, and endurance training. In addition, we utilized nine machine learning models to
forecast frailty according to basal physical fitness and distinct interventions. We established
the following study hypotheses based on the findings of past investigations: (1) initial
physical fitness and intervention programs can be predictive of frailty overcome results;
(2) a hybrid exercise program that integrates Bajuanjin, strength, and endurance training
can enhance physical fitness and overcome frailty in the elderly.
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2. Materials and Methods
2.1. Participants

In order to ensure the safety of procedures and to avoid bias in results, participants
were included in this study who met the criteria as follows: Inclusion Criteria: (1) age over
65 years old; (2) meet criteria for frailty, as defined by Fried et al. [5]; (3) no other training
within 6 months. Exclusion Criteria: (1) a history of neurological or muscular disorders;
(2) having joint discomfort and significant muscle and bone injuries that prevent them from
walking normally; (3) having a heart or respiratory illness; and (4) practising any other
training courses frequently during the time of the trial. The determination of the sample
size was supported by previous intervention research on elderly people who were frail [40].
This study had an effect size of 0.53, and it had 80% power with an alpha level of 0.01.
Additionally, it had a dropout frequency of 20%.

2.2. Study Design
2.2.1. Experimental Arrangement

This experiment was performed in a randomized, double-blinded fashion, focusing
on the frail elderly to enhance their physical fitness and reverse the frailty. The experiment
and application system are shown in Figure 1. Experiments were carried out every Monday,
Wednesday, and Friday for a total of 24 weeks. Two Baduanjin instructors were employed:
one was a nationwide societal professional coach with more than 8 years of experience as a
training instructor; the other instructor was a specialist Baduanjin coach who had obtained
a national Baduanjin instructor industry accreditation. All subjects for the study were
recruited from the community in Changchun, China. We used the random number table
method to randomly assign participants. Subjects were randomized into three groups: the
Baduanjin intervention group (BD]), the Baduanjin, strength, and endurance group (BDJSE),
or the strength and endurance group (SE). In March of 2019, after the review and approval
of the study protocol by the Ethical Committee of Northeast Normal University, each
participant provided their signature on a permission form, indicating that they had read
and understood the study’s procedures (approval number: NC2018091504). Between the
1st of March and the 30th of September, 2019, measurements and data collection were
carried out. It was requested that the subjects avoided engaging in any type of physical
exercise other than their typical routine of training.

Baseline
10mMWS  TUGT  GS  6minWT —> & §| —
i 10 m MWS
Intervention
o) (=) (G s b — —
|- o S | 20 min Hospital
0 =@
=== o o
9
24 weeks oS
_ Classical/Stacking
Post-intervention — @ ﬁl — Models
10 m MWS TUGT GS 6 min WT 6 min WT —_—> “
[E - 8 cootdoun » !
D sacuaniin (0 strength and Endurance > % ﬁ — Individual/Family

Intervention Programs

Data Collection Data Analysis Modeling Application

Figure 1. System design; all of the subjects were randomly assigned to one of three intervention
groups: BDJ, BDJSE, or SE. At the beginning of the study and at 24 weeks, the subjects’ 10-meter
maximum walk speed (10 m MWS), timed up-and-go test (TUGT), grip strength, and 6 min walk test
(6 min WT) were evaluated.
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2.2.2. Intervention

The subjects participated in three separate intervention programs, which comprised
endurance training, strength training, and Baduanjin. At the beginning of the intervention,
each group spent 20 min warming up with various exercises. The Baduanjin training in the
BDJ group lasted for 60 min, whereas the Baduanjin training in the BDJSE group lasted for
30 min and then continued for 30 min of strength and endurance exercise. The SE group
completed a strength and endurance workout that lasted for 60 min. Ahead of the end point
of the intervention, there was a 10-min cool-down period for all groups. The following is
an outline of the training procedure.

(1) Baduanjin: The exercise regimen of Baduanjin was divided into two phases: the first
phase continued for 8 weeks, while the second phase continued for 16 weeks. Dur-
ing the first phase of the project, one group was assigned to perform the intervention
three times, while another group, the BDJSE group, was assigned to perform the
exercise only once. In the next stage, the number of replicates was three and two for
the BDJ and BDJSE groups, respectively.

(2)  Strength Training: This consisted of three training phases and included five exercises
to improve cardiorespiratory fitness and muscle strength [47]. The five movements
included three upper-body movements and two lower-body movements. The three
upper-body movements were seated rowing, reverse grip curls, and bicep curls,
and the two lower-body movements were calf lifts when seated and hip adduction
exercises. Elastic bands were utilized in each and every one of the strength workouts.
The intensity of the exercise could be determined by the elastic band color. The training
consisted of three distinct phases that were repeated every 8 weeks. Phase I aimed
to better acclimate subjects to the high-intensity exercise in Phases II and III by
using light loads (40-60% of 1RM) and high repeats (12-20), while simultaneously
increasing muscle power and muscle endurance by accomplishing 2—4 rounds of
training workouts. The second phase of the program was designed to induce muscle
growth and improve the muscle mass to fat mass ratio by continuously raising the
load to ultimate capacity (60.0-80.0% of 1RM) with 5-12 repeats and 2-4 rounds.
The training protocols were intended to achieve these goals. The third phase was
intended to optimize the development of strength and also encourage the growth
of muscular tissue by utilizing a greater load (70-85% of 1RM) for 5-8 repeats over
2—4 rounds. The SE group would finish four rounds, while the BDJSE group would
finish two rounds, with a break of between 2 and 3 min after each round.

(3) Endurance Training: We monitored the subjects’ heart rates during the exercise period
using a heart rate monitor (MYZONE MZ-3, China). The exercise was conducted via
continuous walking on an artificial track. In this investigation, the target heart rate
was adapted separately for each subject based on the baseline measure. Exercise level
was progressively elevated from 50% of baseline heart rate capacity (first 12 weeks)
to 80% (the following 12 weeks) [48]. The SE group undertook 30 min of endurance
walking exercise, while the BDJSE group accomplished 15 min. In all exercises, at least
two medical staff accompanied the training, and the training was promptly terminated
if the subjects became uncomfortable.

2.3. Assessment of Frailty

Fried frailty assessment criteria is widely used in the Asia-Pacific region. One previous
study showed that this criterion has better validity and feasibility among older adults
in the Chinese community [49]. Thus, the Fried frailty criteria [5] were employed in
this work to identify all levels of perceived frailty. According to these criteria, aged
people are considered to have frailty when at least three of the following five phenotypic
characteristics exist.

(1)  Unconscious weight loss: Participants were asked whether their weight had decreased
by more than 4.5 kg (or 5% of body weight) without intention in the past year.
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(2)  Self-reported fatigue: Participants were asked how often they were too exhausted to
participate in any activity that required their full engagement for more than 2 days in
a week.

(3)  Grip strength: Subjects’ grip strengths were determined by utilizing a calibrated Jamar
Hydraulic Hand Dynamometer (model SH5001, Saehan Corp, Masan, Korea, 2017).
Every person was given three chances to be evaluated, and their highest score was
counted. The grasp was examined to determine if males weighed less than 26 kg and
females weighed less than 18 kg.

(4) The walking speed: The 10 meter walk speed of the subjects was recorded. Older
people were judged frail if their walking speed was lower than or equal to 1 m/s.

(5) Low level of physical activity: The level of physical activity of individuals was
determined by the Physical Activity Scale for the Elderly in the Chinese population
(PASE-C) [50]. Low physical activity was defined in men as a cut-off value of less than
383 calories per week and in women of less than 270 calories per week, respectively.

2.4. Assessment of Physical Fitness

The physical performance of the participants was evaluated pre- and post-intervention
by utilizing the 10-meter maximum walk speed (10 m MWS), the timed up-and-go test
(TUGT), grip strength, and the 6 min walk test (6 min WT). Following the collection of
primary information, we computed the split-half reliability of the participants’ initial testing
values to assess reliability. The findings indicated that all four test techniques were reliable
(r=0.82, p < 0.001; half-score reliability). It was discovered that the 10 m MWS had strong
validity in older persons since there was a significant correlation between the item and
alterations in frailty [51]. The TUGT is an easy test that requires no specialized device and
was proven to have a high degree of validity for assessing agility (r = 0.63) [52]. An increased
risk of impairment, mortality, and illness is associated with lowering grip strength, which
is a feature of frailty in old age [53,54]. The research conducted by Syddall et al. indicated
that grip strength was significantly related to measures of frailty and precisely mirrored
overall muscle strength (r = 0.69) [55]. In older people, frailty can be indicated by multiple
variables, including low levels of fitness and stamina, as well as decreased neuromuscular
function. The 6 min WT was found to have excellent validity (r = 0.77) in assessing
indirectly the endurance quality (maximal oxygen consumption) of elderly individuals [56].
The following describes the test’s features:

(1) 10 m MWS: Subjects performed two 50-m walking exercises as quickly as possible in
a calm testing setting, and the time to cover 2.5 to 12.5 m was calculated to ensure the
steady status of data. The highest value was utilized in the study.

(2) TUGT: Subjects were seated in a conventional chair 45 cm in height and, when
prompted by the research assistant, stood up and performed a 3 meter circumference
walk around the room as quickly as possible before returning to their seat.

(3)  Grip strength: Grip strength was measured utilizing a calibrated Jamar Hydraulic
Hand Dynamometer (model SH5001, Saehan Corp, Masan, Korea, 2017). In a standing
position, subjects conducted three grip strength assessments, and the best score was
considered the test result.

(4) 6 min WT: The 6 min WT was utilized to evaluate the endurance of the subjects.
The test was conducted on a 30-m, enclosed, level promenade. Along the prome-
nade, signs were set every 3 meters, and turn signals were established at each end.
Individuals were urged to cover the greatest distance possible along the promenade.
Prerequisites for any examination of a participant’s motor abilities included, firstly,

that the test participants be attired in appropriate athletic clothing and footwear. They each

carried out the test on their own. Second, each subject was required to become familiar
with the procedure involved in the experiment in preparation; third, the subjects were
required to perform a warm-up to prevent injuries; ultimately, if the subject experienced
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bodily distress, stress connected to body posture, or ecologic discomfort, they were asked
to notify the researchers. The test could be canceled at any moment.

2.5. Data Analyses

When attempting to determine the post-experimental frailty state of elderly individ-
uals who were already frail, researchers used a total of eight classical machine learning
classification models. The 10 m MWS, grip strength, TUGT, 6 min WT, and three inter-
vention types before the intervention were utilized as characteristics in the creation of the
data. Labels for the dataset included whether or not the subjects were feeble after the
intervention. The effectiveness of the testing measures was judged according to their levels
of accuracy, recall, and prediction, as well as their areas under the curve (AUC). In order to
obtain an accurate assessment of the performance of the model, we carried out the stratified
10-fold cross-validation 100 times. In the beginning, traditional machine learning modeling
was carried out with the assistance of the LightGBM Classifier (LGBM) [57], Gradient Boost-
ing Classifier (GBC) [58], XGBoost Classifier (XGB) [59], Extra Tree Classifier (ETC) [60],
Decision Tree Classifier (DT) [61], Random Forest Classifier (RF) [62], Linear Discriminant
Analysis (LDA) [63], and Logistic Regression (LR) [64]. Following this, the three models
that had the best overall effectiveness within these records were chosen for stacking model-
ing. For this particular investigation, the process of stacking was carried out by integrating
multiple classifiers that were produced by various learning algorithms Li,...,L, on a
single dataset S. This dataset comprised examples that had the form S; = (x;, y;), where x;
represents the characteristic vectors and y; represents the classifications. In the initial step
of the process, a group of base-level classifiers known as C;, Cp, and C3 were developed,
with C; = L, (S). The second stage consisted of learning a meta-level classifier that com-
prised the outcomes of the base-level classifiers. To produce a training set for the purpose
of learning the meta-level classifier, a cross-validation process was carried out, in which
each of the base-level learning algorithms was applied to the whole dataset. We retained
only one sample for examination, suchasVi=1,...,n:Vk=1,...,N: C,’; = Li(S—si),
and then used the learned classifiers to create projections for S;, as in Equation (1):

9 = Ci(x), 6))

where the meta-level dataset comprised examples of the form ((y}, ..+, 1), vi), the charac-
teristics were the expectations of the base-level classifiers, and the class was the appropriate
category for the example considered. By calculating SHAP values (SHapley Additive
exPlanations) [65], we were able to determine which characteristic provided the maximum
anticipation of change in frailty. SHAP is a game-theoretic method to interpret the outcome
of any machine learning model. SHAP values could measure the impact that each feature
provides to the estimate provided by the model, as in Equation (2):

SEI'(|F| =S¢l = 1)!
SRUELZISe =0 () ~ o)) @

i =

SFCF\{j}

where x indicates input features’ value, j denotes a certain feature (out of total features
F), Sg is entire subsets without j, and |Sg| indicates the dimension of Sg. In this study,
the SHAP “TreeExplainer” algorithm was used to evaluate the feature contribution of
predicting reversing frailty, the model fg,,(;; was trained with feature j present, and
another model Fs, was trained with feature j withheld. Data analysis and visualization
used Python 3.8.1 in this study.

2.6. Statistical Analyses

We used SPSS 25.0 to analyze the demographic variables of participants at the baseline
and the effectiveness of the three intervention programs on participant improvement.
The Shapiro-Wilk test was employed to examine whether the distribution was normal,
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and logarithmic transformation was performed for data that lacked a normal distribution.
The mean =+ standard deviation (SD) were computed, and values were applied to express
continuous variables, whereas other values were used to express categorical variables.
At the beginning of the study, the demographic factors of the subjects were examined
utilizing chi-square tests and one-way ANOVA. The two-way repeated-measures ANOVA
was used to determine how much of an impact each of the three intervention regimens had
on the individuals” improvements in their 10 m MWS, TUGT, grip strength, and 6 min WT.
When multiple comparisons were made, Bonferroni post-hoc testing was employed. When
p < 0.05, the result was deemed statistically significant.

3. Results
3.1. Participants

In this study, 103 females and 100 males out of a total of 271 individuals passed the
selection process to become one of the 203 subjects who were chosen. The research was
finished with the participation of 171 people (92 females and 79 males). There were a total
of 15 people who dropped out of the training by their own choice, while 17 people dropped
out of the training because of illness. The demographic profile of the subjects at the start
of the study is presented in Table 1. The results of the Shapiro-Wilk test showed that age
(p = 0.334), stature (p = 0.452), and body mass (p = 0.165) were normally distributed in the
three groups. In terms of demographics, the groups showed no significant differences from
one another.

Table 1. Baseline demographic characteristics of the participants.

Items BDJ ! (n=57) BDJSE 2 (n = 57) SE3 (n=57) p Value
Sex (male/female) 28/29 27/30 25/32 0.736
Age (years) 71.84 £3.77 70.65 £3.73 70.74 £ 3.52 0.163
Stature (cm) 165.83 £ 6.77 163.41 £ 7.58 165.54 + 8.22 0.182
Body mass (kg) 64.53 +5.59 6297 +£7.11 63.05 + 6.88 0.378

1 Baduanjin group; 2 Baduanjin, strength, and endurance group; ® strength and endurance group.

3.2. Two-Way Repeated-Measures ANOVA Results for Physical Fitness

Figure 2 and Table 2 illustrate the starting and post-intervention findings. The results
of the Shapiro-Wilk test showed that 10 m MWS (p = 0.517), grip strength (p = 0.184),
and TUGT (p = 0.257) were normally distributed in the three groups. However, 6 min WT
demonstrated a non-normal distribution in the three groups. When logarithmic transforma-
tion was applied to it, the data showed a normal distribution. Two-way repeated-measures
ANOVA data confirmed that there was a significant interaction impact of group x time in
10 m MWS (p < 0.001, partial 2 = 0.259) and TUGT (p = 0.011, partial 5 = 0.117). Simple
effects analysis revealed that 10 m MWS and TUGT were significantly enhanced following
the intervention. Post-hoc testing demonstrated that individuals in the BDJSE group had
significantly better 10 m MWS than the BDJ group (p < 0.001) and SE group (p < 0.001) and
better TUGT than the BDJ group (p = 0.019) and SE group (p = 0.038) in 24 weeks. Neverthe-
less, we observed no significant interaction influence of grouping time on grip strength and
6 min WT. The major effect demonstrated that, before and after the intervention, the grip
strength and 6 min WT experienced a significant increase.
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Figure 2. The scatter plot with a rotated kernel density plot on every side. It illustrates the physical
capability of the frail elderly at the start and after the intervention. (a) 10 m MWS, (b) timed up-and-
go test, (c) grip strength, (d) 6 min WT. BDJ denotes Baduanjin group; BDJSE denotes Baduanjin,
strength, and endurance group; SE denotes strength and endurance group. * p < 0.05, ** p < 0.01,
*** p < 0.001. For the significance of intragroup variations,  shows a significant difference among
groups (+ < 0.05).

Table 2. Two-way repeated-measures ANOVA results for each group at baseline and 24 weeks for
the test metrics.

BDJ ! (n = 57) BDJSE 2 (1 =57) SE3 (n=57) Group x Time *
Parameters
Baseline 24 Weeks Baseline 24 Weeks Baseline 24 Weeks p-Value
10 m MWS (m/s) 0.75 £ 0.11 0.82 +0.12 F* 0.75£0.14 1.08 £ 0.12 T##* 0.73 £ 0.13 0.93 £ 0.14 F#=+ 0.000
TUGT (s) 11.76 £ 1.67 1121 +£1481 12.01 £1.50 10.47 £ 1.51 b 11.90 + 1.65 11.19 +1.29 F* 0.041
grip strength (kg) 18.69 £ 3.50 20.60 & 2.77 *** 18.44 £ 3.28 21.58 4= 3.82 *** 17.93 £3.14 21.63 & 3.26 *** 0.080
6 min WT (m) 355.25 £ 37.02 380.06 =+ 36.55 *** 357.75 £ 42.01 403.21 4= 47.61 *** 365.07 £ 42.11 392.45 £ 47.49 ** 0.154

Means x SD are used to depict all the data; * analysis of two-way repeated-measures ANOVA; * significant
difference between groups (p < 0.05); * p < 0.05, ** p < 0.01, *** p < 0.001 significant difference between base-
line and post-intervention. 1 Baduanjin group; 2 Baduanjin, strength, and endurance group; 3 strength and
endurance group.

3.3. Results of Machine Learning Model Classification

In addition, we reassessed the participants’ frailty status at 24 weeks. The results
showed that 25 participants (30.1%) in the BDJ group progressed from a frail condition to
a non-frail condition, 33 participants (39.8%) in the BDJSE group progressed from a frail
condition to a non-frail condition, and 25 participants (30.1%) in the SE group progressed
from a weak condition to a non-frail condition, for a total of 83 participants (48.5%).

We used intervention types and participants’ 10 m MWS, TUGT, grip strength, and
6 min WT at baseline as features and frailty and non-frailty at 24 weeks as the label. We used
eight classical machine learning models and selected three of them with the best perfor-
mance for stacking. The three classification models, Linear Discriminant Analysis, Logistic
Regression, and Random Forest Classifier were stacked to create the first layer mode to
construct the super features. In the second layer, we used Logistic Regression, inputting
the super features and labels into the second layer model for training. The stacking model
obtained the best accuracy as 75.5 & 10.0% and best precision as 77.1 4= 12.3%, as shown in
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Table 3. However, Linear Discriminant Analysis had the best F1-score (71.3 4= 10.8%) and
best recall (73.7 £ 15.1%).

Table 3. Model performance evaluation results.

Models Accuracy Precision Recall F1
Decision Tree (%) 66.3 £11.2 6544128 65.3 +16.2 65.1 £12.1
GDB Classifier ! (%) 66.7 +10.6 66.7 +13.2 65.5+16.3 64.5+125
XGB Classifier 2 (%) 68.8 +10.9 70.5+132 65.1+15.4 66.7 £12.2
LGBM Classifier (%) 69.2 £10.6 704 £13.2 68.0 & 15.6 68.0 £ 11.9
Extra Tree Classifier (%) 69.7 +10.2 705 +12.7 68.1 £15.6 68.0 £12.0
RF Classifier * (%) 70.3 +£10.5 715+ 134 66.7 +16.3 67.4£122
Logistic Regression (%) 73.7 +10.3 749 +12.5 71.3 +16.0 721 +£11.1
LDA Classifier ® (%) 753 +10.3 762 +123 73.7 £15.1 74.0 £ 11.6
Stacking (%) 75.5 +10.0 771 +12.2 728 £15.0 739 £11.3

1 Gradient Boosting Classifier, 2 XGBoosting Classifier, 3 LightGBM Classifier, 4 Random Forest Classifier, > Linear

Discriminant Analysis.

When we compared the effectiveness of the various models, we found that the stacking
model provided the greatest results in terms of accuracy and precision. The first layer
of the stacking model consisted of Linear Discriminant Analysis, Logistic Regression,
and Random Forest Classifier. The second layer of the stacking model consisted of Logistic
Regression.

In addition, we evaluate the model performance using a confusion matrix and Re-
ceiver Operating Characteristic (ROC) curve. The confusion matrix showed the model’s
anticipation of the frailty state, and the normalized confusion matrix could visualize the
prediction accuracy of the model. The elements of the sub-diagonal line in Figure 3a for
the confusion matrix indicated the number of predicted categories that were the same as
the true category and the elements of the sub-diagonal in Figure 3b. The mean precision of
the model’s estimation for every label, as indicated by the normalized confusion matrix,
was 78%, with 73% being the value for the other label. The ROC curve of the model for
estimating the performance of the model is depicted in Figure 3c. The horizontal coordinate
demonstrates the false positive frequency, while the vertical coordinate demonstrates the
frequency of true positives. The model with the best (AUC) was the Linear Discriminant
Analysis model, which had a value of 0.835.
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Figure 3. The confusion matrix and the ROC curve of stacking. (a) The confusion matrix; (b) the
normalized confusion matrix. The performance of the model to determine whether a participant is an
elderly individual at risk of frailty is displayed in the figure. (c) The Receiver Operating Characteristic
(ROC) curve of the five best-performing models. Random Forest Classifier (RF), Extra Tree Classifier
(ETC), Linear Discriminant Analysis (LDA), and LightGBM Classifier (LGB) are the abbreviations for
other classification methods.

269



Int. J. Environ. Res. Public Health 2022, 19, 11063

3.4. Contribution of Each Feature

Figure 4 demonstrates the contribution of each feature by SHAP values. It is possible
to utilize the SHAP value of a characteristic to describe the model since it indicates the
value that each feature contributes to the model. Figure 4d clearly illustrates this, as grip
strength showed the greatest contribution to physical fitness and SE showed the greatest
contribution in the three intervention types. The features could interact with each other,
as shown in Figure 4b. Clearly, we were able to find the best combination of features to
optimize the model performance by utilizing different combinations of features.
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Figure 4. A plot that provides an overview of the SHAP values for every feature. The various
characteristics are denoted along the y-axis. (a) illustrates the heat map of the various characteristic
SHAP values, in which the x-axis depicts the series of the sample, red denotes a positive effect, blue
denotes a negative effect, and the darker the color, the greater the extent to which it has an effect.
The output is denoted by the function f(x) (before activation function). It is shown in the figure that
the greatest essential characteristic shows a positive impact if the output also appears positive, and it
demonstrates a clear boundary (threshold) in the characteristics; (b) shows the interaction SHAP
values for various characteristics; (c) provides an outline of the characteristics that are highly essential
to the model and the manner in which the model learned the outcome of every characteristic for each
sample, with the x-axis denoting the model predicted values; (d) demonstrates the mean absolute
SHAP value of each characteristic, with the x-axis denoting the average SHAP value; (e) depicts
characteristics that have a role in displaying the model result from the fundamental value of a specific
sample, with the SHAP value denoted along the x-axis. According to the previous situation, the grip
strength demonstrated the most positive effect for predicting the frailty state and the 10 m MWS
demonstrated a negative effect for predicting the frailty state.

4. Discussion

This study is unique in considering the use of combined physical activities that address
the characteristics of the frail elderly by integrating Baduanjin exercises with strength and
endurance training programs and predicting frailty pre- and post-intervention in a clinical
trial by using Al The results showed that all of the experimental groups exhibited some
degree of physical progress in terms of their strength, velocity, and endurance after 24 weeks
of training. Among them, the mixed-exercise program group showed the best physical
improvement in subjects in the 10 m MWS and TUGT.

In addition, the combined workout regimen had the best effectiveness in counteracting
frailty, with 46.5% of frail elderly individuals recovering from a non-frail status as a result
of participating in the program.

In addition, we incorporated XAl into this study. The stacking model obtained an
average accuracy of 75.5% by simulating clinical application scenarios, with physical ability
at baseline and intervention type as model attributes used as inputs, and frailty reversed
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was used as a result. Additionally, we found that 10 m MWS and grip strength have
high contributions and identifiability: elderly individuals who are frail and have higher
10 m MWS and grip strength have a greater chance of recovering from frailty. As a result,
increasing the grip strength and 10m distance of elderly individuals who are frail may be
able to maximize the efficacy of the intervention.

There was a significant interaction effect in 10 m MWS, as 1.08 m/s (BDJSE) > 0.93 m/s
(SE) > 0.82 m/s (BDJ), and TUGT, as 11.21 s (BD]) > 11.19 s (SE) > 10.47 s (BD]J), at 24 weeks.
This is consistent with several previous studies in which multicomponent exercise improved
gait capacity and agility in frail older adults [35,38]. The reasons that a combined training
schedule had the best effectiveness in 10 m MWS and TUGT are as follows. A multi-
component exercise program is a good approach because it allows aged people who are
frail to benefit from a variety of training modalities to address any weaknesses they may
have. This is a useful method since aged individuals are more likely to experience frailty
while they age [28]. Second, the Baduanjin exercise can help participants to improve the
sensorimotor ability of their legs [66], and it also has additional benefits for the strength
of the muscles in the legs [31]. Both of these benefits can be gained from performing the
exercise. As a consequence, the endurance training that is performed in the style of walking
compensates for the comparatively slow movement attributes of Baduanjin and assists in
improving the participants’ capacity to walk under natural settings. Ultimately, DBJSE
hybrid exercise enhanced the walking speed and Baduanjin could effectively improve the
lower balance function [66]. Therefore, participants in the BDJSE group had significantly
better 10 m and grip strength than those in the other two groups.

In this study, participants’ grip strength was significantly improved at 24 weeks,
but the interaction effect was not significant. This is consistent with a previous study
in which the intervention protocol consisted of strength training, endurance training,
and balance training [35]. Participants in the SE group had the greatest average grip
strength (21.63 kg (SE) > 21.58 kg (BDJSE) > 20.60 kg (BDJ)) and maximum improvement
((3.70 kg (SE) > 3.14 kg (BDJSE) > 1.91 kg (BDJ)). Although Baduanjin can improve grip
strength, it seems to be more effective for young people [66]. The BDJSE group included
the training content of the SE group, but the overall load was only half that of the SE group,
so participants in the BDJSE group showed less improvement.

The 6 min WT also did not show a significant interaction, but, fortunately, all three
groups of subjects showed a significant increase. This is consistent with a previous study
showing that multicomponent exercise improves aerobic capacity in frail older adults [67].
A possible reason is that Baduanjin can increase lung capacity and lower the resting
heart rate [31], and, by combining endurance training with walking as a form of exercise,
the endurance improvement effect was increased.

Our study had the desired effect of reversing frailty and improving the exercise
capacity of frail older adults through a 24-week mixed exercise program. In the future
recovery of frail older adults, a mixed exercise program may be more effective in improving
health, such as the Baduanjin exercise hybrid strength and endurance training proposed in
this study.

Although our study yielded promising results, limitations still remain. First, we did
not classify the severity of frailty, and, in future studies, we will further refine the interven-
tion content. Second, we did not have strict control over the intensity, only controlling the
duration of the training. Finally, we strongly believe that there is a potential correlation
between physical fitness and frailty reversal in frail aged people. Based on this relation-
ship, in future studies, we will integrate more data to accomplish more precise medical
clinical assistance.
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5. Conclusions

Our findings indicate that a combined exercise regime that combines Baduanjin,
strength training, and endurance training could effectively increase physical performance,
particularly 10 m MSW and TUGT, as well as reverse frailty in the frail elderly. Additionally,
the stacking model had the best performance to predict the reversal of frailty.
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