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Abstract
BACKGROUND: Older adults’ mental health and physical frailty have 
been a frequent research focus, but few studies have investigated the 
relationship between them. 
OBJECTIVES: To investigate the association between mental health 
and physical frailty in community-dwelling older Japanese people.  
DESIGN: Cross-sectional study from the Itoshima Frail Study.
SETTING: Itoshima City, Fukuoka, Japan.
PARTICIPANTS: A total of 919 community-dwelling older individuals 
aged 65–75 years. 
MEASUREMENTS: Physical frailty was measured based on five 
criteria proposed by the Fried scale, and the subjects were classified 
into three groups: robust, pre-frailty, and frailty. Psychological distress 
was used to assess the subjects’ mental health, with the Kessler 6-Item 
Psychological Distress Scale (K6) score; the subjects were divided into 
three groups based on their K6 score: 0–1, 2–4, and ≥5. Psychological 
distress was defined by K6 score ≥5. Ordinal logistic regression was 
used to estimate the odds ratios (OR) and 95% confidence intervals 
(CIs) between the psychological distress and physical frailty status. 
Results: Psychological distress was identified in 190 subjects (20.7%). 
Forty-six subjects (5.0%) presented with physical frailty, and 24 subjects 
(2.6%) had both psychological distress and physical frailty. With the 
increase in the K6 score, more subjects had pre-frailty and physical 
frailty (p<0.001). Significant positive associations were observed 
between psychological distress and the risks of pre-frailty (OR 2.94, 
95%CI: 1.95–4.43) and frailty (OR 10.71, 95%CI: 4.68–24.51), even in 
a multivariable-adjusted analysis. In a subgroup analysis of components 
of frailty, one-point increment in K6 score was associated with higher 
odds of shrinking and fatigue. 
CONCLUSION: A severe psychological distress was associated with 
increased risks of physical frailty and the frailty sub-items of shrinking 
and fatigue in community-dwelling older Japanese adults.

Key words: Physical frailty, psychological distress, community-
dwelling, older adult.

Introduction

The aging of populations worldwide presents 
challenges to the maintenance of a sense of 
health, sustained well-being, social engagement, 

and productivity over a more extended period, despite the 
development of illness and disability. Japan is one of the 
countries with the highest number of older people globally, and 
according to the Japanese Cabinet Office, 27.7% of Japan’s 

population is over the age of 65 years (1). It is also expected 
that the number of late-stage older adults (aged ≥75 years) 
worldwide will increase significantly in the future. Various 
changes occur with aging in both the mind and body, and 
problems such as falls, disorders of daily life, frailty syndrome, 
deterioration of cognitive function, and the need for long-term 
care have been studied (2, 3). 

Frailty syndrome is an intermediate stage in the transition 
from being healthy to needing care from other individuals. 
Older people have a weaker ability to recover when they 
experience physical, mental, and/or social damage when they 
are frail, due to decreases in their physiological reserve (4, 5). 
Physical frailty (referred to hereafter as ‘frailty’) is also very 
prevalent with age and can lead to adverse health effects such 
as falls, hospitalizations, disabilities, and mortality (2, 6–10). 
Frailty refers to several aspects of a condition that tends to 
occur with age such as weakened muscles, easy tiredness, and 
a tendency to stay home. Frailty is thus a multifaceted concept 
that includes physical disorders, mental problems such as 
cognitive dysfunction and depression, and social problems such 
as those posed by living alone and financial distress. Frailty has 
attracted more research attention in recent years. For example, 
the human body’s muscle mass decreases by 1%–2% per year 
from the age of ~30 years, and approx. 30% of the muscle 
is lost by the age of 80 (11). Although a decrease in bone 
density also tends to occur with aging, there are significant 
individual differences. Frailty also leads to low physical 
activity. However, frailty has been suggested to be reversible, 
and it can be treated and delayed by interventions such as health 
promotion, nutrition, physical exercise and social support (12-
14).

Grip strength (15, 16), fatigue (15), and physical activity 
(17–19) have all been reported to be significantly correlated 
with mental distress. Psychological distress is a commonly 
used term used to describe a non-specific mental health 
disorder based on negative parameters such as self-deprecation, 
irritability, anxiety, depression, and social withdrawal 
as indicators (20); it is defined as a condition in which an 
individual’s emotional state is characterized by depressive 
symptoms and anxiety (21). A recent survey revealed that 
the number of older individuals with mood disorders and 
depression in Japan has increased by approx. 1.8-fold in 15 
years (1).
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Two studies have described a positive association between 
psychological distress and frailty (22, 23). However, the current 
research findings are mainly in adults over 65 years old (not 
younger adults), and little is known about the association 
between psychological distress and frailty in older Japanese 
individuals. With the rapid increase of aging in Japan’s 
population, it is necessary to determine the association between 
psychological distress and frailty in early-older Japanese adults 
and to identify methods for the early detection and prevention 
of psychological distress and frailty.

We conducted the present study to clarify the relationship 
between measured psychological distress and frailty in 
community-dwelling older Japanese adults. We hypothesized 
that older Japanese adults with a higher level of psychological 
distress would be significantly associated with higher risks of 
frailty or pre-frailty.

Methods

Study design and subjects

This study was a cross-sectional analysis using the baseline 
data of the Itoshima Frail Study (IFS) conducted in 2017. 
The study design of the IFS has been described in detail (24). 
Briefly, the IFS is an ongoing community-based prospective 
study. Among approx. 10,000 older residents of the city of 
Itoshima, Japan aged 65–75 years who were not certified 
as requiring nursing care by the national long-term care 
insurance system, 5,000 were randomly selected according to 
the residential area, sex, and age. Of the 5,000 individuals we 
contacted, 1,631 returned the questionnaire we distributed, and 
949 subjects completed further assessments (24). Subjects who 
were not in the age range (n=19), those lacking physical test 
data (n=1), and those with invalid questionnaire data (n=10) 
were excluded. A final total of 919 subjects with valid data 
were included as the study sample. The study was approved by 
the Institutional Review Board of Kyushu University, Japan. 
All subjects provided written informed consent (Approval No. 
201708).

Physical frailty

Frailty and physical pre-frailty (referred to hereafter 
as ‘pre-frailty’) were defined based on the following five 
components. (i) Shrinking: unintentional weight loss of ≥2.0 
kg in the previous 6 months, which is similar to the original 
definition of >10 lbs (4.5 kg) in the year prior. (ii) Low grip 
strength: the lowest 20% of grip strength (GS), measured 
by a handheld dynamometer (GRIP-D, T.K.K. 5401; Takei 
Scientific Instruments, Niigata, Japan), stratified by sex and 
body mass index (BMI) as follows. Men: BMI <18.5 kg/m2

and GS ≤27.6 kg; BMI 18.5–24.9 kg/m2 and GS ≤32.2 kg; BMI 
25.0–29.9 kg/m2 and GS ≤30.3 kg; BMI ≥30.0 kg/m2 and GS 
≤29.6 kg. Women:  BMI <18.5 kg/m2 and GS ≤19.9 kg; BMI 
18.5–24.9 kg/m2 and GS ≤19.4 kg; BMI 25.0–29.9 kg/m2 and 
GS ≤20.4 kg; BMI ≥30.0 kg/m2 and GS ≤20.0 kg. (iii) Fatigue: 
indicated by a positive answer to either or both of the following 

two questions regarding awareness in the past month: «Did you 
feel that everything you did was an effort?» and «Did you feel 
exhausted without any reason?» (these questions are from the 
Kessler 6-Item Psychological Distress Scale). (iv) Slowness: the 
slowest 20% of walking time (WT) in the 5-m walk test at one’s 
maximum walking speed, stratified by sex and standing height, 
as follows. Men: height <165.0 cm and WT ≥3.07 s; height 
≥165.0 cm and WT ≥2.83 s. Women: height <152.3 cm and WT 
≥3.17 s; height ≥152.3 cm and WT ≥2.95 s. (v) Low physical 
activity: the lowest 20% of energy expenditure of physical 
activity stratified by sex, assessed for 1 week with a tri-axial 
accelerometer, as follows. Men ≤6.62 kcal/kg/day and women 
≤8.23 kcal/kg/day (25).

All five of the original components of the Cardiovascular 
Health Study (CHS) frailty phenotype and their methodology 
to produce population-specific cut-off points were used in our 
study. Individuals with three or more affected components were 
considered frailty; those with one or two affected components 
were considered pre-frail, and those with no affected 
components were considered robust (2). We have reported the 
satisfactory internal validity of this operational definition of 
frailty in the Sasaguri Genkimon Study elsewhere (25). 

To clarify the repeated distracting item of fatigue, A four 
domains without fatigue of frailty also be defined in sub-study, 
individuals with one or more, two or more, three or more of 
frailty item affected components were considered frailty.

Psychological distress

Psychological distress was measured using the Kessler 
6-Item psychological distress Scale (K6) score. We measured 
the frequency of non-specific psychological distress 
experienced by the subjects during the last 30 days by using the 
K6 score. The K6 consists of six questions asking how often 
the respondent felt: (i) nervous, (ii) hopeless, (iii) restless or 
fidgety, (iv) so depressed that nothing could cheer one up, (v) 
that everything was an effort, (vi) and worthless. A value of 0, 
1, 2, 3, or 4 was assigned to each of five Likert-type response 
categories for each question: «none of the time,» «a little of the 
time,» «some of the time,» «most of the time,» or «all of the 
time,» respectively. Responses were summed with a possible 
score range of 0–24. Based on previous studies, the summed 
scores can be classified into three categories: (1) no or low 
psychological distress: 0–4 points; (2) moderate psychological 
distress: 5–12 points; and (3) high psychological distress: ≥13 
points (26).

Our examination of the distribution of the subjects’ K6 
scores (shown in Fig. 1) revealed that only a few subjects 
scored ≥10 points (n=30, 3.19%) or >13 points (n=7, 0.74%). 
We considered a K6 score ≥5 points as indicating a condition 
of psychological distress. In addition, because there many more 
subjects with a K6 score <5 points compared to a previous 
study (27), we used the median (2 points) as the split value, 
and we divided the subjects into three groups based on their K6 
scores.
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Other variables
Sociodemographic characteristics including the subjects’ 

age, sex, living alone (yes/no), smoking (everyday, sometimes, 
quit, or never), alcohol consumption (everyday, sometimes, 
quit, or never), employment status (yes/no), living area 
(Shima, Nijo, or Maebaru), and chronic pain (with or without) 
were collected with the use of a questionnaire. The subjects’ 
cognitive function was measured using the Montreal Cognitive 
Assessment-Japanese version (MoCA-J) (28), conducted by the 
public nurses and trained staff.

Statistical analysis

Baseline characteristics are presented as the mean ± standard 
deviation (SD) for continuous variables and as frequency 
(percentage) for categorical variables according to the groups 
of K6 score. The trends for these characteristics across the three 
groups of K6 score were tested using the Jonckheere–Terpstra 
test for continuous variables and the Cochran–Armitage test 
for categorical variables. Ordinal logistic regression was used 
to estimate the odds ratios (OR) and 95% confidence intervals 
(CIs) for the risks of frailty and pre-frailty according to the K6 
score and one-point increments of the K6 score.

To clarify the independent association between the K6 score 
and the risks of frailty and pre-frailty, we adjusted for age 
and sex (as Model 2), BMI, smoking, alcohol consumption, 
employment status, living area, living alone, cognitive function, 
and chronic pain (as Model 3 including age and sex). We used 
ordinal logistic regression models to estimate the ORs and 
95%CIs between the K6 score and the frailty sub-items. The 
statistical analyses were conducted using Statistical Analysis 
Software (SAS) ver. 9.4 (SAS Institute, Cary, NC, USA). The 
computation was carried out using the computer resources 
offered under the category of General Projects by the Research 
Institute for Information Technology, Kyushu University. 
Statistical significance was set at p<0.05.

Results

Table 1 summarizes the characteristics of the 919 subjects 
according to the K6 score. The prevalence of a K6 score ≥5 was 
20.7% (n=190). The higher K6 score were older, had a higher 

percentage of women, and showed lower BMI, fewer regular 
alcohol drinkers, more chronic pain, lower educational levels, 
and lower MoCa-J score. These differences were all significant 
(all p for trend<0.05). Table 1 also presents the prevalence 
of frailty status and its sub-items according to the K6 score. 
The numbers of frail and pre-frail subjects were significantly 
increased with the higher K6 score (p<0.0001). The higher K6 
score also showed greater prevalences of shrinking (p<0.01) 
and fatigue (p<0.0001).

Table 1. Characteristics of study subjects according to K6 
score

K6 score P for trend

0–1 (n=461) 2–4 (n=268) ≥5 (n=190)

Age, yrs 70.7±3.0 70.9±3.1 71.1±3.1 0.049

Sex: <0.01

  Men 251 (54.5) 126 (47.0) 80 (42.1)

  Women 210 (45.5) 142 (53.0) 110 (57.9)

BMI, kg/m2: 23.2±3.2 22.9±3.3 22.5±3.2 0.03

  <18.5 24 (5.2) 27 (10.1) 20 (10.5)

  18.5–24.9 319 (69.2) 176 (65.7) 130 (68.4)

  25.0–29.9 101 (21.9) 58 (21.6) 37 (19.5)

  ≥30.0 17 (3.7) 7 (2.6) 3 (1.6)

Living area: 0.20

  Shima 104 (22.6) 69 (25.8) 47 (24.7)

  Nijo 126 (27.3) 70 (26.1) 53 (27.9)

  Maebaru 231 (50.1) 129 (48.1) 90 (47.4)

Employed 168 (36.4) 82 (30.6) 62 (32.6) 0.11

Living alone 46 (10.0) 29 (10.8) 22 (11.6) 0.27

Smoking 45 (9.8) 15 (5.6) 14 (7.4) 0.08

Drinking 255 (55.3) 128 (47.8) 87 (45.8) 0.01

Chronic pain 266 (57.7) 186 (69.4) 144 (75.8) <0.0001

Education, years 13.1±2.4 12.8±2.4 12.6±2.5 0.01

MoCa score 24.3±2.8 24.4±2.9 23.6±3.2 0.03

Frailty status: <0.0001

  Robust 235 (51.0) 116 (43.3) 44 (23.2)

  Pre-frailty 214 (46.4) 142 (53.0) 122 (64.2)

  Frailty 12 (2.6) 10 (3.7) 24 (12.6)

Shrinking 35 (7.6) 27 (10.1) 30 (15.8) <0.001

Low grip strengh 88 (19.1) 65 (24.3) 41 (21.6) 0.15

Fatigue 0 (0.0) 28 (10.5) 86 (45.3) <0.0001

Slowness 89 (19.4) 58 (21.7) 43 (23.0) 0.13

Low physical activity 87 (19.5) 40 (15.8) 45 (24.3) 0.17

All data are mean ± SD or n (%). BMI: body mass index, MoCa, Montreal Cognitive 
Assessment. Smoking = smoke almost every day or sometimes. Drinking = consuming 
alcohol almost every day or sometimes; Frailty status is defined as 0 component for 
robust, 1–2 components for physical pre-frailty and ≥3 components for frailty.

The risks of pre-frailty and frailty status according to K6 
score are shown in Table 2. In Model 1, the OR (95%CI, 
p-value) for the risk of pre-frailty in the K6 score 2–4 and ≥5 
were 1.34 (0.99–1.83, p=0.06) and 3.05 (2.06–4.50, p<0.0001) 
compared with the K6 score 0–1. Moreover, the risk of pre-
frailty was significantly higher with a one-point increase in 
the K6 score (p<0.0001). Similar significant associations 

Figure 1. Distribution of K6 scores
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were observed between K6 score and the risk of frailty. The 
OR (95%CI, p-value) was 1.69 (0.71–4.02, p=0.24) in the 
2–4-points group and 10.68 (4.98–22.93, p<0.0001) in the ≥5 
point group. These associations did not change even when the 
models were adjusted for the confounding factors in Model 2 
or 3. The OR (95%CI) of pre-frailty and frailty in the K6 score 
2–4-points group was not lower significantly than that of the 
0–1-points group, but these point estimates were above 1.00.

To clarify the repeated distracting item of fatigue, we also 
examined the association between psychological distress and 
frailty components (four domains without fatigue). As shown 
in Supplementary Table S1, a significant association was 
revealed between the K6 score and frailty score ≥2 (multiple-
adjusted OR = 1.74, 95%CI: 1.05–2.88, p=0.03). A significant 
association was also observed between a one-point increment of 
K6 score and frailty score ≥2 points (p<0.01).

Table 3 provides the data of the association between K6 
score and sub-items of frailty. Shrinking and fatigue were 
significantly associated with the K6 score in Model 1; the ORs 
(95%CI, p-value) were 1.12 (1.06–1.20, p<0.001) for shrinking 
and 2.01 (1.80–2.25, p<0.0001) for fatigue. These significant 
associations were also observed in Model 2 and Model 3; 
the ORs (95%CIs, p-values) were 1.12 (1.06–1.20, p<0.001) 
for shrinking and 2.01 (1.80–2.25, p<0.0001) for fatigue in 
Model 2, and 1.10 (1.03–1.17, p<0.01) and 2.05 (1.82–2.31, 
p<0.0001), respectively in Model 3.

Discussion
This study examined the relationship between psychological 

distress and the frailty of the older Japanese adults living in 
their community. Our analyses revealed significant positive 
associations between psychological distress and the risks of 
pre-frailty and frailty. These associations were unchanged after 
adjustment for potential confounding factors. The results are 
in agreement with our study hypothesis. To our knowledge, 
this is the first study to investigate the associations between 
psychological distress and frail status in relatively younger-aged 
(65–75 years) adults in Japan.

Relationship between psychological distress and 
frailty

The prevalence of psychological distress in our study 
population was 20.7%; this prevalence is similar to that of 
another older cohort (25). Using the K6 score of 108 older 
Japanese adults, Yamamoto et al. (29) reported a 16.7% 
prevalence of psychological distress. The difference between 
studies may be due to the exclusion of subjects with sprains or 
pain by Yamamoto et al. (29).

The prevalence of frailty in our study population was 5.0%, 
which is lower than those in other studies of community-
dwelling older adults (2, 25, 30, 31). The age range of our 
subjects was 65–75 years old, which is relatively younger 

Table 2. Associations between K6 score and the risks of frail and pre-frail status
Model 1 Model 2 Model 3

OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value
K6 total score Pre-frailty
 0–1 1.00 Ref. 1.00 Ref. 1.00 Ref.
 2–4 1.34 0.99–1.83 0.06 1.34 0.98–1.83 0.07 1.32 0.95–1.81 0.10
 ≥5 3.05 2.06–4.50 <0.0001 3.07 2.07–4.57 <0.0001 2.94 1.95–4.43 <0.0001
One point increment of K6 score <0.0001 <0.0001 <0.0001

Frailty
 0–1 1.00 Ref. 1.00 Ref. 1.00 Ref.
 2–4 1.69 0.71–4.02 0.24 1.62 0.68–3.90 0.28 1.63 0.66–4.01 0.29
 ≥5 10.68 4.98–22.93 <0.0001 10.51 4.82–22.92 <0.0001 10.71 4.68–24.51 <0.0001
One point increment of K6 score <0.0001 <0.0001 0.0001
Model 1: Non-adjustment. Model 2: Adjusted for age and sex. Model 3: Adjusted for body mass index, smoking, drinking, employment status, living area, living alone, cognitive function, 
chronic pain plus factors in model 2. OR: odds ratio, CI: con­dence interval.

Table 3. Associations between one-point increments of K6 score and sub-item of frailty
Model 1 Model 2 Model 3

OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value
Shrinking 1.12 1.06–1.20 <0.001 1.12 1.06–1.20 <0.001 1.10 1.03–1.17 <0.01
Low grip strength 1.03 0.98–1.09 0.25 1.03 0.97–1.08 0.33 1.01 0.96–1.07 0.66
Slowness 1.03 0.98–1.09 0.26 1.03 0.97–1.09 0.34 1.01 0.95–1.07 0.77
Low physical activity 1.03 0.97–1.09 0.34 1.03 0.97–1.08 0.38 1.04 0.98–1.11 0.16
Fatigue 2.01 1.80–2.25 <0.0001 2.01 1.80–2.25 <0.0001 2.05 1.82–2.31 <0.0001
Model 1: Non-adjustment. Model 2: Adjusted for age and sex. Model 3: Adjusted for body mass index, smoking, drinking, employment status, living area, living alone, cognitive function, 
chronic pain plus factors in model 2.
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than the ages of the subjects in these previous studies. Chen 
et al. reported that the prevalence of frailty among subjects 
aged 65–69 was ~2.0% and among those aged 70–74 the 
prevalence was ~5.0%; they noted that the prevalence increased 
dramatically (to ≥15.0%) in the subjects aged ≥75 years (25).

Our present findings demonstrated that psychological 
distress was positively associated with the risks of frailty 
and pre-frailty, which is consistent with the results of earlier 
investigations. Studies of older Chinese adults observed that 
an increased level of psychological distress would increase the 
risk of frailty (32, 33). From a clinical point of view, a higher 
K6 score may indicate a decrease in intention, which leads to 
a decrease in activities of daily living, a decrease in exercise 
capacity, a decrease in muscle mass, and a low nutritional 
state, which are likely to increase the prevalence of frailty or 
pre-frailty. Frailty has both physical and mental aspects, but a 
study using psychological tests showed that subjects with frailty 
often have a strong sense of anxiety or depression in addition 
to a feeling of mental fatigue (34). From a sociological point 
of view, a higher K6 score may decrease older adults’ social 
behavior and physical exercise, leading to physical dysfunction 
and ultimately increasing the risk of frailty or pre-frailty (35).

The association between psychological distress and 
frailty sub-items

A cross-sectional study demonstrated a significant positive 
association between fatigue and the K6 score [36]. We also 
observed a positive association between the frailty sub-item 
shrinking and the K6 score, which was not reported in previous 
studies. We suggest that this is because an increase in the K6 
score is associated with poor appetite, which leads to weight 
loss (37). The positive association between shrinking and the 
K6 score is thus also in line with our initial hypothesis.

Interestingly, a positive correlation between low physical 
activity and psychological distress has been reported (38) 
but was not observed in the present study. This absence of 
a correlation may have been obtained because we assessed 
low physical activity based on the average daily calorie 
consumption by sex (38), which as an objective measure 
revealed that the precise calorie consumption values were not 
significantly different between the present older adults with and 
without physical distress. Self-reported moderate-to-vigorous 
physical activity (MVPA) or the weekly activity time has been 
used to assess low physical activity (39).

There are some study limitations to address. The subjects 
were 65–75 years old and not representative of the entire older 
population. The questionnaire response rate was relatively 
low, which could cause bias in interpreting the results since 
the subjects who self-selected to participate in the study may 
be different from those who did not. For example, only a few 
subjects had a total K6 score >13, and thus the relationship 
between severe psychological distress and frailty could not be 
explained (27). In addition, the causal relationship between 
variables could not be determined because the data were 
corrected by a cross-sectional design. Prospective studies are 
needed to explore causal relationships.

Conclusion

A severe psychological distress score was associated with 
increased risks of frailty and its sub-items of shrinking and 
fatigue in the present population of community-dwelling older 
Japanese adults.
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