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Abstract: Objectives: The aim of this study was to examine the impact of the combination of physical frailty and
social isolation on falling in community-dwelling older adults. Design: A cross-sectional study of data obtained
at registration in a randomized control trial. Setting: Community-based study of participants recruited from
Toyota, Japan. Participants: 380 community-dwelling older adults (47.9% women, mean age = 72.3 + 4.6 years).
Measurements: Participants were categorized as non-frail or pre-frail/frail based on the Fried frailty criteria
(slowness, weakness, exhaustion, low activity, and weight loss). Social isolation was examined using the Lubben
Social Network Scale (LSNS-6), and scores lower than 12 points indicated social isolation. Participants were
divided into four groups depending on pre-frail/frail status and social isolation, and experiences of multiple falls
over the past year were compared between the groups. Results: Participants were classified into robust (n = 193),
physical frailty (PF; n = 108), social isolation (SI; n = 43), and PF with SI (PF+SI; n = 36) groups. A total of 38
(10.0%) participants reported multiple falls. Logistic regression analysis showed that PF and SI groups were not
independently associated with falling (PF: OR 1.64, 95% CI 0.65—4.16, SI: OR 2.25, 95% CI 0.77-6.58), while
PF+SI group was significantly associated with falling compared with the robust group (OR 3.06, 95% CI 1.00—
9.34, p = 0.049) after controlling for confounding factors. Conclusion: Our findings support the assertion that

coexistence with physical frailty and social isolation were associated with falling in the older adults.
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Introduction

Falls have been identified as a disabling problem associated
with injury and increased mortality in community-dwelling
older adults (1, 2). Each year, approximately one-third of
non-institutionalized older adults fall at least once (3), and
the rate of falls is expected to increase in accordance with
population trends regarding aging. By 2020, expenditures
related to injuries sustained as a result of falls by older people
are projected to cost nearly $59.7 billion (4). Therefore,
prevention of falls in older people is an urgent concern that
aging societies face. Previous studies have shown several
factors to be associated with falling, including older age, female
gender, reduced muscle strength and balance ability, cognitive
impairment, and depression (5-7). Exercise interventions that
include muscle strength and balance training have also been
found to prevent falls (8).

Recent studies have demonstrated a relationship between
falls and physical frailty (9-12). Degree of frailty, classified
as robust, pre-frail, or frail status, is commonly assessed using
five clinical indicators (grip strength, walk speed, exhaustion,
physical activity, and unintentional body weight loss), as in
the Cardiovascular Health Study (13). The main features of
physical frailty include weakness, balance, and gait problems,
all of which are also recognized as risk factors for falls (14).
Some studies have reported a higher risk for falls in frail older
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people compared with robust older people (9, 10). Moreover,
several studies have indicated that pre-frail older people exhibit
a higher risk of falls than robust older people (10, 11). A recent
systematic review indicated that frailty leads to recurrent falls
and that older adults who enter the pre-frailty stage are also
more likely to experience falls (12).

Social isolation can be defined objectively using criteria
such as having few contacts, little involvement in social
activities, and living alone. Recent reports have predicted that
social isolation is experienced by 15%-25% of older people
worldwide (15-17). Coyle et al. found that individuals who
experienced social isolation were 43% more likely to have fair
or poor health (18). Moreover, social isolation has been linked
with increased mortality, incident heart disease, and functional
decline (19-21). Similarly, social isolation is associated with
an increased rate of falling in older community-dwelling older
adults. A cohort study of American older adults indicated that
social isolation predicted a fall within the following year, and
that with each increase in social isolation score the probability
of falling increased (22).

As described, previous data indicate that both physical frailty
and social isolation each increase the risk of falling. Moreover,
high levels of social isolation are associated with an increased
risk of becoming physically frail (23), possibly increasing the
severity of physical frailty in those who have a combination of
physical frailty and social isolation. However, the combined
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effects of physical frailty and social isolation on falling remain
unclear.

In the present study, we aimed to examine the impact of the
combination of physical frailty and social isolation on falling
in community-dwelling older adults. Moreover, we examined
group differences in frailty status according to the Frailty Index,
which we developed.

Methods

We analyzed cross-sectional baseline data from the TOPICS
(the Toyota Preventional Intervention for Cognitive decline and
Sarcopenia) trial. TOPICS was a randomized controlled trial
performed to assess the effects of different types of exercise
(aerobic, resistance, and a combination of both) on cognition in
older individuals with a slight decline in memory function.

The study protocol was approved by our university’s Ethics
Committee (Graduate School of Medicine, Nagoya University,
approval no. 2014-0155-2) and registered with the University
Hospital Medical Information Network (UMIN) clinical trials
registry, no. UMIN000014437. Written informed consent was
obtained from all participants prior to their inclusion in the
study.

Participants

Participants were screened via a questionnaire that
comprised 25 self-completed items (Kihon Checklist) (24)
including the three following items concerning subjective
cognitive decline. Q18: ‘Do your family or friends point out
your memory loss? (e.g., You ask the same question over
and over again)’. Q19: ‘Do you make a call by looking up
phone numbers?’ Q20: ‘Do you find yourself not knowing
today’s date?’ Respondents who answered yes to Q18 or Q20
or who answered no to Q19 were regarded as being at high
risk of cognitive decline (25). The questionnaire was mailed
to community-dwelling residents aged 65-85 years in selected
areas in the city of Toyota, Aichi, Japan. Residents who met
the criteria for being at risk of cognitive decline according to at
least one of the three questionnaire items described above were
recruited through letters describing the interventional study
project.

In the current study, we excluded any candidates who
(1) met the clinical criteria for dementia according to the
Diagnostic and Statistical Manual of Mental Disorders 4th
edition (26); (2) had any disability affecting the basic and
instrumental activities of daily living; (3) required support or
care from the Japanese public long-term care insurance system;
(4) had a Mini-Mental State Examination (MMSE) score of <
19; (5) had a severe visual impairment; (6) had been diagnosed
with a neurodegenerative disease (i.e., Parkinson’s disease); (7)
had medical contraindications to exercise; (8) had a psychiatric
disease (i.e., psychosis or major depression); (9) had a history
of serious cardiovascular, musculoskeletal, respiratory, or
cerebrovascular disease or other severe health issue; or (10) for

whom data were missing regarding variables that we examined.
A total of 399 participants were included in the analysis.

Falling

A fall was defined as ‘an unexpected event in which the
person comes to rest on the ground, floor, or lower level’. The
participants answered the question: ‘Have you had any falls in
the past year?’ by selecting ‘multiple times’, ‘once’, or ‘none’.
The first category was used as the outcome measure and the
latter two categories were combined (27). We defined a ‘faller’
as a respondent who reported multiple falls. In previous studies,
fallers were defined as those who had fallen on at least two
occasions in the previous 12 months, and non-fallers were
defined as those who had not fallen or who had fallen only once
in the previous 12 months (28). Multiple falls are thought to be
associated with an intrinsic predisposition to falling, whereas
isolated falls are not (29).

Frailty assessment

Based on the original studies by Fried et al. (13), we
considered the physical frailty phenotype to be characterized by
three of more of the following limitations: slowness, weakness,
exhaustion, low activity, and weight loss. Participants who had
none of these limitations were considered to be robust, while
those with one or more were considered to be pre-frail and frail.
The limitations were defined as follows:

Walking speed was measured in seconds using a stopwatch.
Participants were asked to walk on a flat and straight surface
at a comfortable walking speed. Two markers were used to
indicate the start and end of a 5-m walk path, and participants
traversed a 2-m section before passing the start marker so
that they were walking at a comfortable pace by the time they
reached the timed path. Slowness was established according to
a cutoff value (< 1.0 m/s). Weakness was defined according
to maximum grip strength. Grip strength was measured in
kilograms using a Smedley-type handheld dynamometer
(GRIP-D; Takei Ltd, Niigata, Japan). Weakness was established
according to the Asian Working Group for Sarcopenia
consensus report (< 26 kg for men and < 18 kg for women)
(30). Exhaustion was considered present if the participant
responded ‘yes’ to the following question, which is included
in the Kihon-Checklist (24): ‘In the last 2 weeks, have you
felt tired without a reason?” We evaluated the role of physical
activity by asking the following questions about time spent
engaged in sports and exercise: (1) ‘Do you engage in moderate
levels of physical exercise or sports aimed at health?’ and (2)
‘Do you engage in low levels of physical exercise aimed at
health?’ If participants answered ‘no’ to both of these questions,
we considered them to engage in low levels of activity. Weight
loss was assessed by a response of ‘yes’ to the question ‘Have
you experienced weight loss > 5% in the previous two or three
years?’
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Table 1
Four types of studies, categorized according to Physical Frailty and Social Isolation

Physical Frailty
Robust (0) Prefrail and Frail (1 component or more)
Lubben Social Network Scale Non- Social Isolation (12 points or more) Robust Physical Frailty (PF)

Social Isolation (less than 12points)

Social Isolation (SI) Physical Frailty & Social Isolation (PF+SI)

Frailty Index

A battery of comprehensive neuropsychological tests,
physical assessments, and blood tests were conducted by a
group of nurses, clinical psychologists, speech therapists,
and occupational therapists who were blinded to the group
membership of participants. Details regarding the obtained
data and cross-sectional findings are publicly available (31,
32). In the present study, we created an 88-item Frailty Index
consisting of five components according to a standardized
protocol (Appendix 1) (33, 34). Items for which more than 5%
of the values were missing were discarded (33). Participants
were excluded from the analysis if more than 20% of the
values were missing (35). The total Frailty Index scores were
constructed by dividing the total deficit values, which reflected
the severity of deficits, by the total number of included
items. The mood component was assessed using the Geriatric
Depression Scale-15 (GDS-15) (36) and General Anxiety
Disorder scale (GAD-7) (37). Physical factors were evaluated
according to the fall efficacy scale (38), skeletal muscle mass
index (SMI) (appendicular skeletal muscle mass/height®> < 7
kg/m2 in men or 5.7 kg/m? in women), unintentional weight
loss (2 kg in the previous 6 months), weakness (grip strength
< 26 kg in men or 18 kg in women), slow walking speed (< 1
m/s), and low physical activity (no engagement in moderate
or low levels of physical exercise or sports aimed at health)
according to the Japanese version of the Cardiovascular Health
Study criteria (39). The disease component included eleven
age-related chronic diseases. The influence of cognition was
evaluated according to the Everyday Memory Questionnaire
and the MMSE (40). Quality of life (QOL) was measured using
the life satisfaction index (41). Details regarding the Frailty
Index variables are displayed in Appendix 2.

Social Isolation

We used the Lubben Social Network Scale (LSNS-6), which
has been widely employed to assess social integration and to
screen for social isolation (42). The reliability and validity
of the Japanese version of the LSNS-6 have been previously
confirmed (43). The measure comprises a set of three questions
that evaluate family ties and a comparable set of three questions
that evaluate friendship ties, as follows: (1) ‘How many
relatives do you see or hear from at least once a month?’; (2)
‘How many relatives do you feel close to such that you could
call on them for help?’; (3) ‘How many relatives do you feel
at sufficient ease with to talk about private matters?’; (4) ‘How

many of your friends do you see or hear from at least once a
month?’ (5) ‘How many friends do you feel close to such that
you could call on them for help?’ and (6) ‘How many friends do
you feel sufficiently at ease with to talk about private matters?’
The possible responses and corresponding scores were: ‘none’
(0 points), ‘one’ (one point), ‘two’ (two points), ‘three or four’
(three points), ‘five to eight’ (four points), and ‘nine or more’
(five points). The total score thus ranged from 0 to 30. As
suggested by Lubben et al., (42) we classified individuals with
scores of less than 12 as being socially isolated.

Other covariates

Age, sex, family status, walking aids, body mass index
(BMI, weight/height?), and educational years were recorded
as demographic data. Medical conditions (hypertension, heart
disease, and diabetes mellitus) and the number of medications
taken were recorded using a questionnaire regarding medical
status. Physical function was measured in terms of normal
walking speed, grip strength, muscle strength in the lower
extremities (5 chair stand test (44)), and balance ability (Timed
Up & Go test (45)). Depressive symptoms were measured using
the 15-item GDS. Cognitive function was measured using the
MMSE.

Statistical analysis

We categorized the participants into four groups: robust
participants without physical frailty and social isolation
(robust), participants with physical frailty and without
social isolation (PF), participants with social isolation and
without physical frailty (SI), and participants with physical
frailty and with social isolation (PF+SI). First, we compared
participant characteristics between groups using an ANOVA
for continuous variables and a chi-square test for categorical
variables. Post-hoc analysis of the ANOVA data was carried
out using Bonferroni’s multiple comparison test. Next, we
carried out multiple logistic regression analysis to explore
independent associations between groups (PF, SI, PF+SI)
compared with the robust group and falls compared with
‘not falls.” We calculated the odds ratios (OR) and 95%
confidence intervals (95% CI) with both a crude model and
adjusted models (Models 1-3). Variables that were marginally
significant (p < 0.10) in the univariate analyses were selected
as covariates for subsequent multivariate analyses. In Model
1, age, sex, walking aids, years of education, and number of
medications taken were added to a crude model. In Model 2,
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Table 2
Participant characteristics

Total Robust PF SI PF+SI P-value
(n =380) (n=193) (n=108) (n=43) (n=36)

Age,y 72.3+4.6 71.7+4.1 73.7+5.2% 71.3+4 2% 72.7+5.1 0.001
Sex, (% women) 47.9% 53.2% 50.9% 30.2% 36.1% 0.026
Living alone (%) 74% 52% 9.3% 11.6% 8.3% 0.375
Walking aids use (%) 2.4% 1.6% 1.9% 23% 8.3% 0.101
Educational history, y 11.5+2.4 11.8+2.3 10.6+2 47 12.0+£2.1% 11.9+2 9% <0.001
Body mass index, kg/m? 22.8+2.8 22.6+2.6 23.1+2.6 23.1+32 22.9+3.6 0.464
Medical condition (%)
Hypertension 41.6% 38.9% 47 2% 44.2% 36.1% 0.463
Heart disease 13.7% 10.9% 17.6% 16.3% 13.9% 0.403
Respiratory disease 8.9% 8.3% 11.1% 9.3% 5.6% 0.744
GDS-15, (% =5) 35.0% 22.3% 42.6% 34.9% 80.6% <0.001
LSNS 159+5.8 18.5+4.1 17.7+4.0 7.7+2.5%% 7.0+3.17% <0.001
MMSE, score 26.4+2.6 26.5+2.5 26.2+2.6 26.5+2.7 259+2.7 0.438
Grip strength, kg 28.2+7.8 28.8+74 25.4+7.6% 31.2+7.5% 29.6+8.6% <0.001
Walking speed, m/s 1.44+0.20 1.46+0.19 1.40+0.20 1.44+0.19 1.36+0.217 0.007
5 chair stands test 9.1£2.4 8.7+22 9.6+2.4% 9.0+£2.5 9.6+2.9 0.003
Timed Up & Go Test 7.8+1.4 7.6+1.2 8.1x1.6F 7.6x1.1 8.2+1.4 0.003
Medication use, n 2321 1.9+1.9 2.8£2 4% 24+1.8 25422 0.009
Fall, (% multiple faller) 10.0% 6.2% 11.1% 14.0% 22.2% 0019

fSignificant differences compared with the robust groups, post-hoc analysis using Bonferroni’s multiple comparison test (P < 0.05). £Significant differences compared with the physical
frail (PF) groups, post-hoc analysis using Bonferroni’s multiple comparison test (P < 0.05). Group differences were tested using an ANOVA or y2-test. PF, physical frailty; SI, social
isolation; PF+SI, physical frailty with social isolation, GDS, Geriatric Depression Scale; LSNS, Lubben Social Network Scale; MMSE, Mini-Mental State Examination

normal walking speed, grip strength, results from the chair
stand test, and balance ability were added to Model 1. In
Model 3, the GDS data were added to Model 2. Last, we
conducted an ANOVA, and used post-hoc analysis to compare
the Frailty Index between groups. We used SPSS version 24
(IBM, Armonk, NY, USA) for all analyses, with a 2-tailed
significance level set at 5%.

Results

Table 2 shows the participant baseline characteristics.
Among the 380 participants (47.9% women, mean age 72.3 +
4.6 years), 193 (50.8%) were classified as robust, 108 (28.4%)
were classified as belonging to the PF group, 43 (11.3%) were
in the SI group, and 36 (9.5%) were classified as belonging to
the PF+SI group. The proportion of those living alone, those
using walking aids, and those with medical conditions did not
significantly differ among the groups. Furthermore, the BMI
and MMSE data did not significantly differ between the groups.
A total of 38 (10.0%) participants reported falls in the past year.
The PF+SI group had a higher proportion of recurrent fallers
(robust 6.2%, PF 11.1%, S1 14.0%, PF+S1 22.2%, p < 0.019).

Figure 1
Comparison of Frail Index (overall) score between each group
Frail Index (overall)
0.7
*%

I 1
0,6 Xk * X%

[ Ll ] 1
0.5
0.4
0.3 {
0.2
0.1
0.0

Control PF Sl PF+SI

*Compared between groups using Bonferroni’s multiple comparison test, P < 0.05.
**Compared between groups using Bonferroni’s multiple comparison test, P < 0.01. PF,
physical frailty; SI, social isolation.
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Table 3
Association between physical frailty, social isolation, and falls

Group Crude Model 1 Model 2 Model 3

OR 95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
Robust reference reference reference reference
PF 245 (0.86-6.93) 0.092 235 (0.82-6.75) 0.112 233 (0.80-6.74)  0.119 225 (0.77-6.58)  0.138
SI 1.89 (0.82-436) 0.138 199 (0.83-4.75) 0.121 1.70 (0.68-427) 0256 1.64 (0.65-4.16) 0.296
PF+SI 431 (1.62-1147) 0003 398 (146-10.82) 0.007 346 (1.24-9.65) 0018 3.06 (1.00-9.34)  0.049

Model 1: Adjusted for age, sex, walking aids, years of education, number of medications taken. Model 2: Model 1+ normal walking speed, grip strength, 5 chair stands test, Timed Up and
Go test. Model 3: Model 2+Geriatric Depression Scale-15. OR, odds ratio; CI, confidence intervals; PF, physical frailty; SI, social isolation; PF+SI, physical frailty with social isolation

Table 3 shows the univariate and multivariate odds ratios
(OR) and 95% CIs for falling based on physical frailty and
social isolation. The PF+SI group was significantly associated
with falling compared with the robust group for all models.
In the crude model, the OR for participants in the PF+SI
group was significantly lower than that in the robust group at
4.31 (95% CI: 1.62-11.47). After adjusting for demographic
factors and medical conditions, this OR was attenuated slightly
but the association remained statistically significant (Model
1). After further adjusting for physical function including
muscle strength and balance ability (Model 2), the OR for the
participants in the PF+SI group was attenuated to 3.46 (95% CI:
1.24-9.65) (from 3.98, 95% CI 1.46-10.82). We observed the
same trend when psychological factors (Model 3) were added to
the covariate in Model 2 (3.06, 95% CI 1.00-9.34).

The results of the post-hoc analysis for the Frailty Index
between groups are shown in Figure 2. The robust and SI
groups had lower scores than the PF and PF + SI groups. The
scores in the robust and SI groups did not differ. Similar results
were observed in the PF and PF + SI groups.

Discussion

To our knowledge, this is the first study to examine the
combined impact of physical frailty and social isolation on
falling. We found that participants with both physical frailty
and social isolation (PF+SI) reported fewer falls than both
participants with physical frailty without social isolation (PF)
and those with social isolation without physical frailty (SI).

Many previous studies have shown that participants with
frailty have an increased risk of falls (9, 10). In a recent meta-
analysis, Cheng et al. suggested that frailty leads to recurrent
falls in older adults (12). However, the present study showed
that the PF group was not associated with an increased risk of
falling. In the present study, the majority of the participants in
the PF group were pre-frailty participants. Previous studies that
investigated falling among robust and pre-frailty individuals
who had sustained multiple falls evaluated physical frailty
according to the Cardiovascular Health Study and did not obtain
a unified view (11, 46). A study of 3,132 participants conducted

by Ensrud et al. reported that the incidence of multiple falls was
significantly higher in the pre-frailty group than in the robust
group (46). However, in a study of 765 participants conducted
by Kiely et al., the authors reported no significant association
(11). That we did not find a significant association in the
present study may have been due to the relatively low number
of participants (380 participants).

Few studies have examined the relationship between social
isolation and falling. In a recent cohort data analysis, Pohl
et al. showed that social isolation predicted a fall within the
following year (22). However, Faulkner et al. reported that
social isolation, as evaluated using the Lubben Social Network
Scale, was not significantly predictive of falls (47). Therefore, it
is possible that we found no relationship between SI group and
falls because we used the Lubben Social Network Scale as an
index of social isolation.

The combination of physical frailty and social isolation is
associated with falls. Previous studies have shown that deficits
in both physical frailty and social isolation are independently
related to fall risk among older adults (9-11, 22). Therefore,
in the present study, we adjusted many factors there have been
associated with falls. We found that the relationship between
the PF+SI group and rate of falls weakened after adjusting
for demographic factors and medical conditions (Model 1),
physical function (Model 2), and physiological factors (Model
3). However, an association between the PF+SI group and falls
was present. This may be due to the influence of unmeasured
factors such as social factors. It is possible that the relationship
between physical frailty and social isolation is bidirectional
such that greater social isolation leads to an increase in physical
frailty. Gale et al. suggested that high social isolation was
associated with an increased risk of becoming physically frail
in men (23). Another possibility is that physical frailty leads to
an increase in social isolation. Some studies have supported an
association between frailty and social relationships, but to the
best of our knowledge, a relationship between frailty and social
isolation has not been established (48). As for individuals with
a combination of physical frailty and social isolation, further
studies are needed to clarify whether falls are more common
among those who were physically frail before becoming
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socially isolated or whether the opposite is true.

Finally, we found that the Frailty Index scores in the PF and
PF+SI groups were significantly higher than those in the robust
and SI groups. However, there was no significant difference
in scores between the PF and PF+SI groups. This indicates
that the severity of frailty status was not different between
the groups. This may indicate that although our Frailty Index
included factors associated with mood, physical health, disease,
cognition, and QOL, it did not include sufficient social factors.

Several limitations of the present study should be mentioned.
As this study used a questionnaire format, self-reports of falls
may not have been accurate (49). Therefore, a prospective study
that includes a daily record of falls is desirable. In addition, we
did not categorize participants who fell only once as “fallers”.
Furthermore, as this study was a cross-sectional analysis, we
cannot determine a causal relationship. Future studies with
a longitudinal design will be helpful in investigating causal
relationships.

Conclusion

The results of the present cross-sectional study indicate
that participants with a combination of physical frailty and
social isolation (PF+SI) had fewer falls compared with both
participants with physical frailty without social isolation (PF)
and those with social isolation without physical frailty (SI),
even after adjusting for several confounders. However, we
found no difference in the severity of frailty status between the
PF+SI and PF groups. Further studies are required to clarify the
interrelationship between physical frailty and social isolation.
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