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Abstract
Background: A gradually increasing prevalence of frailty is recognized in the super-aging society that
Japan faces, and early detection and intervention of frailty in community-dwellers are critical issues to
prevent frailty.  Although previous studies have well documented the characteristics of physical disability,
there is limited information on frail state differences among older adults in Japanese rural areas.  The
aim of this study was to clarify the association and predictors of frail status in northen Japan
community-dwellers aged 65 or more.

Methods: The investigation was conducted from 2018 to 2020. After obtaining informed consent from
each participant, assessments and outcomes were evaluated according to the ORANGE
protocol. Participants were recruited from Akita community-dwellers in northern Japan. We applied the
frailty index of Gerontology - the Study of Geriatric Syndromes (NCGG-SGS) to classify frailty status,
collecting data of demographics and psycho-social status using the Kihon checklist and cognitive
domains including the National Center for Geriatrics and Gerontology Functional Assessment Tool
(NCGG-FAT).

Results: Our subjects included 313 older adults divided into 138 robust, 163 prefrail and 12 frail.  For
statistical analysis, physical frailty and cognitive decline were related, and polypharmacy and a lack of
joy in daily life were the main predictors of frail status.

Conclusions: Reducing medications and �nding fun in your life are important to prevent frailty.

Background
Frailty, a reversible intermediate state of aging process with increased risk for negative health-related
events, includes physical, cognitive and psycho-social phenotypes. Especially, physical frailty reduces
physiologic functions, which diminishes muscle strength and endurance. The proportion of the
population over the age of 65 is growing the most rapidly, and Japan has experienced the largest super-
aged society the world.1 Of issues currently facing a northern rural region in Japan with the most super-
aging society (e.g., the number of individuals over aged 75 in Akita is estimated to reach 205,000 people
by 20251), countermeasures against physical frailty need to be addressed urgently. Physical frailty is
globally recognized, and has an impact on adverse health outcomes such as comorbidity and
disability.2–4 Recently, some studies have well documented the effects of interventions including in
exercise5–7, nutritional8 and multifactorial (e.g. physical activity plus nutrition)9,10 programs, with
improved physical functions. However, the etiology of physical frailty remains poorly understood.
Therefore, clari�cation of the characteristics of physical frailty in a super-aging society is important in
order to prevent a physical bedridden state and dementia in older adults.

Here, we present an epidemiological report of Akita’s cohort in a nationwide clinical registry called the
Organized Registration for the Assessment of dementia on Nationwide General consortium toward
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Effective treatment (ORANGE) in Japan.11 In this study, we investigated which factors were related to a
physical frail status as compared to non- or prefrail older adults. To clarify the characteristics of
individuals with physical frailty, we focused on three points as follows. First, we mainly compared
medical history, polypharmacy, physical performance, cognitive functions and psycho-social activities in
frail individuals with those in robust or prefrail individuals. Second, we examined correlations between
physical performance, cognitive and mental functions in each group. Finally, a logistic regression model
was estimated to determine predictive factors for physical frailty.

Methods

Participants
This survey was performed from 2018 to 2020. The participants were recruited in Akita prefecture, which
had a super-aged rate of 37.9% in 2020. The inclusion criteria were age 65 years and over, ability to walk,
and living at home. The exclusion criteria were dementia, severe hearing or visual impairment, intellectual
disability, need for support or care as certi�ed by public long-term care insurance system due to disability,
and inability to complete cognitive tests. According to sample size calculations using the G*Power for
one-way analysis of variance (one-way ANOVA)12, we estimated a sample size of 159 participants was
needed to detect a clinically signi�cant effect with α = 0.05, power = 80% and effect size = 0.25.

Our assessments and outcomes were evaluated according to the ORANGE protocol as follows; age,
gender, education, health variables including height [cm], weight [kg], body mass index (BMI) [kg/m2] and
medical history, such as hypertension, stroke, cardiac disease, diabetes, hyperlipidemia, osteoporosis,
respiratory disease, osteoarthrosis (OA), bone fracture history, neoplasm, Parkinson's disease (PD),
Alzheimer's disease (AD), depression and rheumatoid arthritis (RA).

Criteria of frailty status
Frailty status was de�ned based on �ve dimensions of the Fried frailty index13, including shrinking,
exhaustion, low level of activity, weakness and slowness, 0 for robust, 1–2 for prefrail, and 3–5 for frail,
and the frailty index of Gerontology-the Study of Geriatric Syndromes (NCGG-SGS)14 was applied for the
Japanese version, which includes (i) unintentional weight loss (e.g., a decrease of 2–3 kg in six months),
(ii) self-reported exhaustion (e.g., presence of fatigue for two weeks), (iii) low physical activity (e.g., no
exercise habit for a week), (iv) weakness (e.g., grip strength (GS) is less than 26/18 kg for male/female)
and (v) slow walking speed (WS) (e.g., less than 1.0 m/s in �ve meter walking test).

De�nition of polypharmacy
A systematic review reported that, globally, there is large heterogeneity in the de�nition of polypharmacy
ranging from numerical counts only, numerical counts for a given therapeutic setting or duration.15 A
cross-sectional study has investigated the prevalence of polypharmacy in Sweden, divided into two strata
of no use to use of four medications (i.e. no-polypharmacy) and use of �ve or more medications (i.e.
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polypharmacy).16 In Japan, the “Guidelines for Medical Treatment and its Safety in the Elderly 2015”
reported that an increase in occurrence of adverse drug events (ADE) is associated with the number of
medications, such as six or more kinds of medication.17 Considering the current information on
polypharmacy domestically and overseas, we recorded the follow de�nition; (i) polypharmacy of
international classi�cation based on use of �ve or more medications (polypharmacy-IC) and (ii)
polypharmacy of Japanese classi�cation based on use of six or more medications (polypharmacy-JC),
as reported by Kojima et al.17 For this study, we analyzed the presence of polypharmacy in different
strata of frailty.

Domains of Comprehensive Geriatric Assessment (CGA)
Dependence in daily activities and social activities was assessed using the Kihon checklist (KCL)18

including Q1-25 items (Supplementary Table 1). Di�culty in response to any question was counted as a
score in KCL, and a higher score of the checklist indicated higher risk of requiring support in each domain.
Participants were then required to answer Qi-viii items regarding social activities (Supplementary
Table 1). In addition, trained staffs conducted the Geriatric Depression Scale short-form (GDS-15).19

Evaluation of cognitive function
To evaluate cognitive function in the participants, we applied the National Center for Geriatrics and
Gerontology Functional Assessment Tool (NCGG-FAT).20

1. Tablet version of word-recognition (WR)
WR test consists of two computerized tasks of immediate recognition and delayed recall. At the start of
the immediate recognition task, 10 target words were individually displayed for 2 s. After presenting all
the target words, participants were then required to correctly touch the target words in a total of 30 words
including 10 target and 20 non-target words and completed the trial three times. The average number of
correct answers was scored as a score ranging from 0 to 10. In another delayed recall task, participants
were instructed to correctly recall the 10 target words after 20 min.

2. Tablet version of trail making test version A (TMT-A) and
version B (TMT-B)
In TMT-A, target numbers from 1 to 15 were randomly presented on the display. Participants were required
to touch the target number in order as rapidly as possible. In TMT-B, participants were instructed to touch
target numbers from 1 to 15 and letters in turn. The required time (seconds) to complete each task was
scored, with a maximum time of 90 s.

3. Tablet version of Symbol Digit Substitution Task (SDST)
In this task, nine pairs of numbers and symbols were presented in the upper part of the tablet display.
When a target symbol was shown in the center of the tablet panel, participants were instructed to select
the target number out of selectable numbers displayed at the bottom as quickly as possible.
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Analyses
According to results of the normalization test (Kolmogorov–Smirnov test), one-way analysis of variance
(one-way ANOVA) was applied for age, height, weight, and BMI. Kruskal Wallis test for 2 × 3 contingency
(e.g. each nominal scale [Yes/No] × robust/prefrail/frail) was carried out for gender (% female), medical
history (%Yes), polypharmacy classi�cation, and frailty index. Education, total KCL score, GS, WS, and
cognitive measurements of NCGG-FAT and GDS-15 were analyzed by the Kruskal Wallis test (Table 1).

After con�rming no normalization examined by Kolmogorov–Smirnov test, Spearman correlation
analysis was performed to examine the correlation of age, BMI, education, total KCL score, GS, WS,
subtests of NCGG-FAT, and total GDS-15 score (Table 2). Additionally, Cramér’s coe�cient of association
for 2 × 3 contingency was calculated to clarify the correlation between frailty status and nominal scales
including gender, medical history and domains of CGA (Table 3). The above bivariate analysis including
Spearman correlation analysis and Cramér’s coe�cient of association was carried out to select
independent variables for the following logistic regression analysis in advance. Finally, ordered logistic
regression analysis was performed to clarify predictors of frail status (Table 4). A reference value of p < 
0.20 was set up to input into independent variables of the ordered logistic regression model. The
regression model was set up with frailty classi�cation as the dependent variable and predictors (i.e.
independent variables) depending on the procedure (Supplementary Table 2). Before interpreting the
results of regression analysis, the con�rmation of parallel slope assumption between two linear
regression equations estimated in this study needed to be established (p > 0.05). After ful�lment of the
parallel slope assumption, we con�rmed the main effect of the predictors. SPSS Version 26.0 for
Windows (SPSS Inc., Chicago. IL, USA) was used for analysis, and the level of signi�cance was set at p = 
0.05.

Results
The 313 participants consisted of 138 robust, 163 prefrail and 12 frail persons. As shown in Table 1, we
compared age, gender, height, weight, BMI, education, KCL score, frailty, cognitive, mental status, medical
history, polypharmacy-IC, -JC, and some domains of CGA among the robust, prefrail and frail groups. We
found that height, education, presence of RA, polypharmacy-IC, -JC, some domains of KCL, social
activities, TMT-A, SDST and GDS-15 showed signi�cant differences among the robust, prefrail and frail
groups (p < 0.05). Polypharmacy-IC and -JC showed signi�cant differences among the groups (p < 0.01).
Of the KCL items, 13 items (Q3, 6, 7, 8, 9, 10, 11, 18, 20, 21, 22, 23, 25) were signi�cantly different among
the groups (p < 0.05), as well as social activities of Qvii (p = 0.02).

Second, we analyzed the correlations between physical performance, cognitive and mental functions
(Table 2). According to the results of Spearman correlation analysis, WS showed a correlation with GS,
WR, TMT-A&B, and SDST in the robust group (|r| > 0.20, p < 0.01), TMT-A&B and SDST in the prefrail group
(0.15 < |r| <0.35, p < 0.05), and TMT-B in the frail group (|r| > 0.60, p < 0.05), as well as correlations between
age, education and cognitive subtests.
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Third, we analyzed the associations between frailty classi�cation, gender, each item of KCL and social
activities in each group (Table 3). As a result of Cramér's coe�cient of association between frailty
classi�cation and these nominal scales, frail status was signi�cantly associated with the presence of OA,
RA, polypharmacy-IC, -JC, and 14 items of CGA (Q3, 6–11, 18, 20–23,25, Qvii) (p < 0.05).

Finally, to make an ordered logistic regression model, 31 items were selected as independent variables by
the above bivariate analysis, including age, education, hypertension, osteoporosis, RA, polypharmacy-IC, -
JC, items of CGA (Q1, 3, 6–10, 13–15, 17, 18, 20–24, Qvi, vii), WR, TMT-A&B, SDST and GDS-15. We
conducted regression models to determine predictive factors for frail status with reference to the robust
group (Table 4). We made three regression models (Model I-III) according to the procedure to make each
model (Supplementary Table 2). As the �nal regression model (Model III), we extracted six predictors
including age (coe�cient, 0.03; 95% con�dence interval [95% CI], -0.01, 0.07; p = 0.17), education
(coe�cient, -0.15; 95%CI, -0.27, -0.03; p = 0.01), polypharmacy-JC (coe�cient, 1.08; 95% CI, 0.42, 1.75; p = 
0.001), Q8 (coe�cient, 0.85; 95% CI, 0.19, 1.50; p = 0.01), Q9 (coe�cient, 0.85; 95% CI, 0.21, 1.49; p = 0.01),
and Q22 (coe�cient, 2.82; 95%CI, 1.66, 3.98; p < 0.0001), with signi�cant adaptation of the model (p < 
0.0001) and establishment of the parallel slope assumption (p = 0.07).

Discussion
To summarize our study, we observed the prevalence of physical frailty (3.8%) and signi�cant differences
in polypharmacy-IC, -JC, some domains of CGA, education, cognitive function and mental status among
the groups (Table 1). Next, we observed the correlations between physical performance and cognitive
function within each group (Table 2). Finally, to determine predictive factors of frailty, we analyzed the
associations between frail status and nominal scales (gender, each item of CGA) (Table 3). Interestingly,
Model III indicated that the presence of polypharmacy-JC (β = 1.08, 95% CI = 0.42–1.75, p = 0.001) and
item Q22 (β = 2.82, 95% CI = 1.66–3.98, p < 0.0001) were extracted as strong predictive variables
(Table 4).

Initially, we expected that the prevalence would be higher than that regions of southern because our
participants living in an area of heavy snowfall in the north would have experienced a negative impact on
gait performance21 due to fewer opportunities to go out and join in social activities. However, our result
was similar to that in community-dwellers aged 65 or more estimated at approximately 3.5 to 7.4%.22–24

Recent studies have reported that physical frailty is associated with cognitive as well as physical
functions.25 There are also reports that individuals with physical frailty are prone to dementia.26 In our
study, RA and OA, musculoskeletal diseases, showed a signi�cant increase in the frail group, but no
difference was observed in diseases that affect cognitive function such as AD, PD and depression
(Tables 1 and 3). On the other hand, regarding measurements of cognitive and mental function, the frail
group showed worse scores in TMT-A, SDST and GDS-15 than the other groups (robust/prefrail). TMT
and SDST re�ect executive and information-processing functions, respectively.27 These results suggest
that the frail group may experience a decline of these functions before a decline in memory function
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(WR). More interestingly, when we estimated the correlations within each group, we found a stronger
correlation between motor function WS and TMT-B in the frail group (|r| > 0.60, p < 0.05) than in the other
groups (robust/prefrail) (0.15 < |r| <0.35, p < 0.05), although there was an opposite relationship regarding
GDS-15 (Table 2).

KCL is a simple tool for checking any decline in physical and mental functions for early identi�cation of
older adults. Some studies showed that the KCL score re�ects the state of physical frailty.18,28 According
to them, physical frailty could be diagnosed when 8 or more out of 25 items were applied. In our study,
the KCL score tended to be signi�cantly higher in the frail group than in the other groups (median 9.0 vs
3.0–4.0) (Table 1). Considering each item of KCL, it was shown that not only the items of physical (Q6-
11) and exhaustion (Q25) but also the items of motivation (Q21-23) in addition to cognitive function (Q3,
18, 20, Qvi, vii) were lower in the frail group than in the other groups (Table 1). On the other hand, there
was no difference between the groups regarding each item of oral functions (Q13-15) and social
activities (Q1, 2, 4, 5, Qi-v, viii) (Tables 1 and 3). These results indicate that physical frailty and cognitive
function are most likely related, and KCL could be useful for screening for physical frailty.

As shown in Table 4, the �nal model adjusted by age and educational duration suggested that a frail
status was associated with the presence of polypharmacy-JC and three items (Q8, 9, 22). According to
the coe�cient (β) of predictors (Model III), the polypharmacy-JC (β = 1.08, 95% CI = 0.42–1.75, p = 0.001)
and motivation in Q22 (β = 2.82, 95% CI = 1.66–3.98, p < 0.0001) were most strongly associated with a
frail status. Although there is little material available to compare with our result in the Japanese
population, frailty and polypharmacy are common, and their relationship has been widely studied in older
adults. Because different measurements or de�nitions of frailty and polypharmacy have been used, the
association of frailty and polypharmacy may be complex and bidirectional.29 However, several studies
showed that the mean drug consumption by frail patients is higher than that of robust ones, and the
association was found only with physical frailty domain and not with psychological or social
domain.30,31 Similar to our study, in a sample of community-dwelling men aged 70 years or older in
Australia, Gnjidic et al established that the best discriminating number of concomitant medications
associated with the presence of frailty was 6.5.32 Moulis et al also reported a similar analysis with men
and women aged 65 years or older in France, reporting a cut-off score of at least 6 drugs.33 Moreover,
there is evidence that the HR for polypharmacy on mortality was high among frailer individuals in a
cohort study sampling 1,154 cognitively impaired participants aged 65 years or older.34 These results
indicate polypharmacy may be a contributor to the development of frailty, and it should be noted that
patients taking multiple drugs (6 or more) are at risk of frailty. In the future, it is necessary to clarify which
is the cause, and the mechanism of the association of frailty and polypharmacy.

Several limitations of the present study should be mentioned. First, sampling in this study satis�ed the
condition estimated by the G*Power for one-way ANOVA12, but our cohort consisted of a localized group
in one rural area. Second, although not examined this time, it is necessary to take into consideration the
number of comorbidities and the types of drugs taken, in order to properly examine the relationship



Page 8/15

between polypharmacy and frailty. Finally, our regression models might have selection bias due to small
sample size. In fact, since the prevalence of frailty in this study agree with those reported by nationwide
studies23,24, we believe this cross-sectional study may provide novel information about physical frailty.
Understanding of the association among frail status, polypharmacy and psycho-social activities needs to
be established in a follow-up longitudinal survey.

Conclusions
In the present study, we concluded that physical frailty and cognitive decline are related, and that
polypharmacy and diminished motivation in daily life may be a risk for frailty in older adults. We propose
that reducing the number of medications and �nding fun in daily life may contribute to prevention of
frailty.
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