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ABSTRACT
Background: Although walking often plays a key role in health promotion programs,
the association between habitual walking and falls in previous studies has been
inconsistent. The level of frailty or risk of falling of the study participants is
hypothesized as an effect modifier in the association between walking and falls. This
doctoral thesis consists of findings from four studies that examined the effects of
habitual walking on falls among community-dwelling older adults, considering the risk
of falling.
Methods: [Study 1] A cross-sectional study with 708 community-dwelling older adults
aged 60-91 years (72.3 + 6.6 yr, 233 men and 475 women). [Study 2] A longitudinal
study among 535 community-dwelling older adults aged 60-91 years (73.1 + 6.6 yr, 157
men and 378 women), with a mean follow-up period of 1.7 (1-5) years. [Study 3] An
intervention study among 90 community-dwelling older adults aged 65-79 years. The
walking group attended a brisk walking program, and the balance group attended a tai
chi, balance, and strength training program, once per week for twelve weeks
supplemented by home exercises, and were assessed for physical and psychological
fall-related factors. [Study 4] The same 90 participants were monitored for 16 months of
fall occurrences, and assessed for fall rate accounting for the amount of exposure to

environmental hazards (physically active person-days, person-steps)



Results: [Study 1] Habitual walking was significantly associated with fewer fall history

(odds ratio (OR): 0.44, 95% confidence interval (CI): 0.20-0.97) among the lower-risk

group, but significantly associated with greater falls (OR: 4.61, 95% CI: 1.32-16.09)

among the higher-risk group. [Study 2] Habitual walking was not significantly

associated with falls (Hazard ratio (HR): 1.00, 95% CI: 0.53-1.89) among the lower-risk

group but that it was significantly associated with increased falls (HR: 2.17, 95% CI:

1.16-4.04) among the higher-risk group. [Study 3] In both groups, significant

improvements (P < 0.05) over the 12-week intervention were observed in

usual/maximum gait speed, timed up and go, 10-m walk over obstacles, 6-minute walk,

functional reach, 30-s chair stand, and isometric knee extension force. Only the walking

group showed significant increases in the fall self-efficacy (+3.1 + 8.0 points) and daily

step counts (+3366.4 + 3212.5 steps/day) (P < 0.05). [Study 4] The walking group

demonstrated a significant reduction in fall risk when evaluated as falls per physically

active person-day (rate ratio (RR): 0.38, 95% CI: 0.19-0.77) and falls per person-step

(RR: 0.47, 95% CI: 0.26-0.85) compared to the balance group. In contrast, trips

significantly increased with walking, even when evaluated as trips per physically active

person-day (RR: 1.50, 95% CI: 1.12-2.00).

Conclusion: The findings from this thesis can be summarized as follows: 1) habitual

walking significantly increases the risk of falling only among high-risk older adults, 2)



habitual walking can be as effective as traditional strength and balance training in
reducing the risk of falling and incidence of falls. A hybrid-type fall prevention program,
with population-based approach for the general community-dwelling older people using
habitual walking, and high-risk approach using strength and balance exercises may be

effective.
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CHAPTER 1
Introduction

1.1. Background

Approximately 30% of the community-dwelling older population experience falls each

year (Niino et al., 2003; Tinetti et al., 1988). Falls and fractures are the fifth greatest

cause of functional dependency among older adults in Japan (Japanese Ministry of

Health, Labour and Welfare, 2010). The fall-related functional dependency are caused

by bone fractures (Schwartz et al., 2005), fear of falling (Niino et al., 2000), and

restricted activity (Murphy and Isaacs, 1982). In the rapidly aging society in Japan,

approximately one in four people are now 65 years old or older (Japanese Ministry of

Health, Labour and Welfare, 2013). The number of falls is expected to increase in

magnitude as the number of older adults is continued to increase in Japan and

worldwide (World Health Organization, 2008). Therefore, effective fall prevention

programs that can be implemented on a wide older population are urgently needed.

The Japanese Ministry of Health, Welfare, and Labor (2000) has proposed the

nation-wide goal of daily steps (6700 steps for older men, 5900 steps for older women)

to promote physical activity and health of older adults in Japan. Walking, which can be

implemented regardless of time, location, previous sports experience, or the presence of

instructors, is the most prevalent type of exercise (Japanese Ministry of Education,

Culture, Sports Science and Technology, 2013; Morris and Hardman, 1997). The
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Japanese Cabinet Office (2006) reported that among 3,000 Japanese adults, 44.2% of

the respondents had been engaged in at least 30 minutes of walking for twice per week

in the previous year.

Since gait deficit has been reported as a predictor of future falls (Suzuki et al.,

1999), habitual walking among older adults may prevent future falls by maintaining gait

function. However, the reports regarding the effectiveness of walking on fall prevention

is limited (Gregg et al., 2000). Rather, a systematic review and meta-analysis of 44

randomized, controlled trials (RCTs) of fall prevention programs reported that inclusion

of a walking program had resulted in increased risk of falling among the participants

(Sherrington et al., 2008). In fact, the majority of falls in community-dwelling older

adults occurred during walking (Berg et al., 1997; Niino et al., 2003). In this regard,

Otaka et al. (2003) even called falling as a “side effect” of physical activity such as

walking.

Faber et al. (2006) conducted an RCT to provide a walking related exercise

intervention and reported a significant increase of falls among the older participants.

However, in the subgroup analysis stratified by a frailty index, the significant increase

of falls was only observed among the “frail” subgroup, in contrast to a significant fall

reduction effect found in the “pre-frail” subgroup (Faber et al., 2006). This study
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indicates that the walking program for fall prevention can be useful only when the

participants are not physically frail and susceptible to falling. However, the

walking-related exercise program (e.g., heel/toe stands and walk, walking along a

straight line forward and backward) under supervision of experts is distinctly different

from habitual walking among community-dwelling older adults. It is important to

clarify the effects of habitual walking regularly conducted by the large number of

community-dwelling older adults (Japanese Cabinet Office, 2006), and to determine the

specific population who would be benefitted by the habitual walking. This knowledge

would yield to an important reference for the health promotion and fall prevention

strategies using walking as a key component. However, the effects of habitual walking

on falls among community-dwelling older adults have not been adequately examined.
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1.2. Literature review
1.2.1. Epidemiology of falls

Fractures in the femoral neck (hip fracture) are the most serious consequences of
nonfatal falls in older population. The incidence rate of hip fractures increases
dramatically in their 70°, especially in postmenopausal women who accompany sudden
decline in estrogen and bone mineral density (Figure 1) (Orishige and Kiyomi, 2004).
Among those who hospitalized for hip fractures, approximately 25% lost their ability to
walk independently (Kikuchi, 1992). The one-year mortality rates of the older adults
who suffered hip fractures were 12.7% in the community (Aharonoff et al., 1997) and

58.3% in the institution (Rapp et al., 2008; Schnell et al., 2010).

350 ~

—o— Female
—a— Male

300 A

250

200

150

100

Incident rate (n/10,000)

50

0

<40 40s 50s 60s 70s 80s 90+
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Figure 1. Incidence rate of hip fractures according stratified by gender and age class
Orishige H, Kiyomi S. 2004. The results of the fourth national survey of hip fractures: the estimate of
new incidence patients in 2002 and change in 15 years. (article in Japanese) Japan Medical Journal

4180: 25-30.
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Siris et al. (2004), investigated the bone mineral density of 149,524 postmenopausal
women in the United States, and reported that 6.4% who had baseline T scores of —2.5
or less which correspondent to the World Health Organization definition for
osteoporosis. Although fracture rates were highest in these high-risk osteoporotic
women, they experienced only 18% of the osteoporotic fractures (Figure 2) and 26% of
the entire hip fractures (Siris et al., 2004). The result showed that the majority of
fractures occurred among the lower-risk, general older population, and fractures in the
high-risk population was limited. It suggested a need of population-wide approaches

among the general population, in addition to high-risk approaches.
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Figure 2. Bone mineral density, fracture rate, and number of women with fractures.
Siris ES, Chen YT, Abbott TA, Barrett-Connor E, Miller PD, Wehren LE, Berger ML. 2004. Bone mineral density

thresholds for pharmacological intervention to prevent fractures. Arch Intern Med 164: 1108-12.
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Murphy and Isaacs (1982) reported a case of the “post-fall syndrome” of which

a patient who experience a fall without injuries as fractures but became unable to walk

without support, and became bedridden in hospitals or died within four months after the

initial falls. Suzuki (2003) explained the two major pathways which a fall could lead to

a bedridden state; (1) directly losing the physical ability by serious injuries as hip

fractures, (2) excessive fear of falling leads to restricted daily physical activities,

activity of daily living (ADL) and mobility limitation, and physical frailty (Figure 3).

Falls

Fear of falling

Injuries Post-fall syndrome

Bone fractures

ADL & mobility limitation

Physical frailty

Disuse syndrome

v

Bedridden

Figure 3. Consequences of falls in older people
Suzuki T. 2003. Epidemiology and implications of falling among the elderly (article in
Japanese). Nippon Ronen Igakkai Zasshi 40: 85-94.

Chu et al. (2006) reported that a history of fall was an independent predictor of

functional decline in ADL, instrumental activity of daily living (IADL), gait speed, and
7
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mobility.

1.2.1. Gait characteristics in older adults

Murray et al. (1969) illustrated the walking postures of older and younger adults (Figure

4). The walking patterns of older adults are characterized as a shortened step length,

increased step width, bending hip and knee joints, small arm swing, unsmooth turning,

gait initiation, easiness to stagger, and slow gait speed (Murray et al., 1969). The slow

gait speed is considered as a consequence of the decreased step length and pace (number

of steps per minute). The decreased toe elevation or sliding feet, as a consequence of

weakening of the iliopsoas and tibialis anterior muscles were considered to be the major

cause of trips (Kaneko, 1990).

Figure 4. Walking postures of older (left) and younger (right) adults
Murray et al: Walking patterns in healthy old men. J Gerontol 24: 169-178, 1969
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1.2.2. Observational studies on falls and walking/physical activity

The association between falls and walking (including general physical activity) has been

reported in inconsistent manner in the previous observational studies. Sorock and

Labiner (1992) reported that participants who walked 15 blocks (approximately 3 km)

or more had 40% non-significantly fewer falls compared to those who walking less than

15 blocks. Several other studies reported significant reduction of falls with physical

activity (Graafmans et al., 1996; Tinetti et al., 1995; Tinetti et al., 1988). For instance,

O’Loughlin et al. (1993) reported significant reduction of falls with high physical

activity. Tinetti et al. (1988) and O’Loughlin et al. (1993) reported the variety of

physical activity types were associated with reduction of falls. In contrast, Graafmans et

al. (1996) reported that the association between physical activity and falls were

vanished after adjusted for mobility limitation. Gregg et al., (2000) in their excellent

review, pointed out that the inconsistency of these studies could be regarded to

inconsistent definition of physical activity (e.g., subjective assessment, no data of

duration). Moreover, even in the studies found significant reduction of falls with

physical activity, none of them classified participants into three or more groups, leaving

a question regarding the dose-response relationship. Gregg et al. (2000) warned that the

association between physical activity and falls should be interpreted with caution

9
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because some of those were not adjusted for potential confounding factors such as

heavy body weight, medication use, medical history, mobility limitation.

More recently, the quality of the observational studies has been improved in

terms of definition of physical activity, grouping, sample size, multivariable analysis.

Heesch et al. (2008) classified 8,188 older women into five groups with weekly amount

of physical activity, and followed-up for 3-6 years. Heesch et al. (2008) reported that

36% reduction of falls (adjusted odds ratio: (aOR): 0.64, 95% confidence interval (Cl):

0.43-0.96) and 47% reduction of fractures (aOR: 0.53, 95% CI: 0.34-0.83) along with

moderate-to-vigorous intensity physical activity. Mertz et al. (2010) conducted a

longitudinal study with 10,615 adults aged 20-87 years, with classification of four

groups of physical activity, and reported that the group with the lowest physical activity

level had 70% increase of falls (aOR: 1.7, 95% CI: 1.1-2.7). Although it is important to

accumulate these well-designed studies and their evidence, the question still exists

regarding the inconsistency of previous findings about the association between falls and

walking or physical activity.

Stevens et al. (1997) and Faulkner et al. (2010), in their studies on the

association between fractures and physical activity, reported a potential clue to solve the

question. Stevens et al. (1997) reported that among older participants without difficulty
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in ADL, high physical activity was significantly associated with low risk of fractures

(aOR: 0.6, 95% CI: 0.5-0.8) but among those with difficulty in ADL, high physical

activity was significantly associated with high risk of fractures (aOR: 3.2 ,95% CI:

1.1-9.8) (Stevens et al., 1997). Faulkner et al. (2010) reported that among older women

with difficulty in instrumental ADL (IADL), the high physical activity was not

associated with falls (RR: 1.06, 95% CI: 0.97-1.16). In contrast, among those with

difficulty in IADL, high physical activity was significantly associated with falls (RR:

1.31, 95% CI: 1.14-1.52). In addition, a significant interaction between the high

physical activity and difficulty in IADL was reported (P < 0.05). These results indicated

the need to consider the frailty or different levels of risk of falling of the study

participants when examining the association between falls and walking or physical

activity.

1.2.3. Intervention studies with walking components aiming at fall

prevention

In 2008, Sherrington et al. systematically reviewed 44 RCTs (a total of 9,603

participants) to examine the effective components of interventions aiming at fall

prevention and conducted a meta-analysis. Sherrington et al. (2008) reported that a
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challenging balance training, a higher dose of exercise (50 > hours), and not including

walking program were the significant factors for the effective fall prevention

interventions. In this meta-analysis, inclusion of walking programs significantly

increased the falls (pooled rate of rate ratio: 1.32, 95% CI: 1.11-1.58). The results of the

included RCTs with a walking program are summarized in Table 1.

However, Karinkanta et al. (2010) argued against the Sherrington’s conclusion

not to include walking in fall prevention interventions with the following reasons. First,

in the meta-analysis by Sherrington et al. (2008), the studies in which older people were

exclusively encouraged to walk outside were pooled with studies in which systematic,

expert-supervised walking training was used. Second, walking was a more common

exercise among the older adults at risk of falls than in the general population. Third, as

falls occur mostly during periods of movement, such as walking, running or other

physical activities (Nachreiner et al., 2007), training of mobility skills should be

emphasized.
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Table 1. Results of randomized controlled trials that a walking program or practice was

specifically mentioned
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Barnett, 2003 0.97 IRR 163 12 0.60 (0.36-0.99)*
Bunout, 2005 0.18 F/PY 298 12 1.22 (0.70-2.14)
Campbell, 1997 1.34 HR-4 233 12 0.68 (0.52-0.90)*
Campbell, 1999 0.97 HR-M 93 10 0.87 (0.36-2.09)
Campbell, 2005 1.13 IRR 391 12 1.15(0.82-1.61)
Cerny, 1998 0.46 F/PY 28 6 0.87 (0.17-4.29)
Ebrahim, 1997 0.55 F/PY 165 24 1.29 (0.90-1.83)
Faber, 2006 2.5 FR 278 12 1.32 (1.03-1.69)*
Green, 2002 31% Risk ratio 170 9 1.34 (0.87-2.07)
Hauer, 2001 60% Risk ratio 57 6 0.75 (0.46-1.25)
Korpelainen, 2006 0.53 F/PY 160 30 0.79 (0.59-1.05)
Lin, 2007 0.88 FR 150 6 0.67 (0.32-1.41)
Lord, 1995 0.63 F/PY 197 12 0.85 (0.57-1.27)
Lord, 2003 0.85 IRR (cl) 551 12 0.78 (0.62-0.99)*
Luukinen, 2007 1.23 HR-M 486 16 0.93 (0.80-1.09)
Madureira, 2007 0.9 FR 66 12 0.48 (0.25-0.93)*
Means, 2005 1.18 FR 338 0.41 (0.21-0.77)*
Mulrow, 1994 2.05 F/PY 194 4 1.26 (0.90-1.76)
Nowalk, 2001 75% Risk ratio 112 24 0.96 (0.63-1.46)
Protas, 2005 37.6 F/PY 18 0.5 0.62 (0.26-1.48)
Resnick, 2002 0.56 FR 20 6 0.71 (0.04-11.58)
Robertson, 2001 1.01 IRR 240 12 0.54 (0.32-0.91)*
Rubenstein, 2000 2.25 F/PY 59 3 0.90 (0.42-1.91)
Schoenfelder, 2000 3.43 F/PY 16 6 3.06 (1.61-5.82)*
Schnelle, 2003 0.69 F/PY 190 8 0.62 (0.38-0.98)*
Toulotte, 2003 1.95 F/PY 20 4 0.08 (0.00-1.37)
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IRR = incidence rate ratios from analysis with negative binomial models from trial reports; F/PY
= Falls per person-year (by group) were used to calculate rate ratio; rate ratio = rate ratio from
trial reports ; FR = fall rates (by group) were used to calculate rate ratios; HR = hazard ratio
from Cox models or survival analyses considering time to first fall in trial reports; HR-M =
hazard ratio from extensions to Cox models that allow for multiple events from trial reports;
HR-4 = hazard ratio from extensions to Cox models that allow for up to four events from trial
reports; Risk ratio = risk ratio was calculated from the proportion of fallers in each group; cl =
cluster randomized trials.

Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC. Effective exercise for
the prevention of falls: a systematic review and meta-analysis. J Am Geriatr Soc 56 (12):
2234-2243, 2008.

In 2011, Sherrington et al. (2011) conducted an update of the meta-analysis

with 10 additional RCTs, and reported that although the model without walking

programs was the most effective in fall reduction, inclusion of walking programs did not

significantly increase the risk of falls. In this new version, Sherrington et al. (2011)

wrote that walking could be included in fall prevention program if the participants were

not high risk of falling.

Otaka et al. (2003) expressed the importance of considering the combination of

intervention programs and characteristics of the participants. Of the 44 RCTs which

were pooled in the meta-analysis by Sherrington et al. (2011), 29 RCTs recruited

participants who were high risk of falling at baseline (e.g., aged care facility residents,

aged > 75, impaired strength or balance, previous falls). The majority of the participants

included in the meta-analysis were “high—risk™ participants such as frail nursing home
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residents (Mulrow et al., 1994), patients with Parkinson’s disease (Protas et al., 2005),
osteoporosis (Madureira et al., 2007), stroke (Green et al., 2002), or patients with a
recent history of fractures (Ebrahim et al., 1997). Therefore, the high-risk characteristics

of those included participants might have modified the effects of walking on falls.

As mentioned above, the association between walking or physical activity and falls had
not been consistent. In this doctoral thesis, a hypothesis “Habitual walking increases
falls among higher-risk community-dwelling older adults, but prevents falls among
general community-dwelling older adults” was made. If this hypothesis was verified,
the inconsistency and question from the previous studies would be solved and shed light

into a new knowledge in the field of fall prevention.

1.3. Purpose
The purpose of the study was to verify the hypothesis “Habitual walking increases falls
among higher-risk community-dwelling older adults, but prevent falls among general
community-dwelling older adults.”

In order to fulfill this purpose, (1) a cross-sectional and (2) longitudinal study

to examine the association between habitual walking and falls among
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community-dwelling older adults were conducted, considering the different risk levels

of the participants. (3) An intervention study to examine the effects of walking on

fall-related physical and psychological risk factors among general community-dwelling

older adults was conducted. (4) Finally, a year-long follow-up survey for the general

community-dwelling older adults to examine the effects of walking on falls was

conducted.

Effects of walking on falls
among community-dwelling older adults

Study 1

—Cross-sectional study—
Cross-sectional association between habitual walking and falls

among community-dwelling older adults: Difference by risk of falling

Study 2

—Longitudinal study—
Longitudinal association between habitual walking and falls

among community-dwelling older adults: Difference by risk of falling

Study 3

E —Intervention study—

Effects of walking on physical and psychological fall-related factors

among general community-dwelling older adults

Study 4 v

—Follow-up study—
Effects of walking on falls

among general community-dwelling older adults

S/ 2 7

Figure 5. Flow of the studies in the doctoral thesis
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1.4. Significance

This thesis would challenge to explain the reason of the inconsistency regarding the

association between walking and falls among the previous studies (Gregg et al., 2000;

Sherrington et al., 2008) from the perspective of the risk level of the study participants.

This would help the progress of the fall prevention research.

Moreover, it is possible to propose walking as fall prevention exercise which

can be disseminated in a wide range of general older population. With the baby-boom

generation reaching retirement age, the general older population is expected to increase,

population-wide strategy will be increasingly important, as well as high-risk strategy

which are underway (e.g., secondary prevention policy) (Hayashi and Kondo, 2011;

Sherrington et al., 2011). There have been a couple of attempts for nation-wide

(Campbell and Robertson, 2010) and community-wide (McClure et al., 2005; Tinetti et

al., 2008) fall prevention strategies in overseas. With this in mind, fall prevention

strategy using walking, which is the most popular form of exercise, will become more

important.

1.5. Definition of terms

1.5.1. Older adults
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The World Health Organization (1984) traditionally defined age of 65 years or older as

older adults. Most developed countries, including Japan and the United States, have

accepted the chronological age of 65 years or older as a definition of elderly or older

person. However, there is no consistency among studies as to what demographic group

constitutes older adults. The term is used for age-groups starting from as low as 50 years

(in countries with relatively short longevity). In Japan, a significant proportion of

people retire from their work at the age of 60 years and start a new lifestyle as older

population. It is not unusual that health promotion programs for older population held

by municipalities accept participants aged 60 years or older. The United Nations stated

that “there is no United Nations standard numerical criterion, but the UN agreed cutoff

is 60+ years to refer to the older population” (World Health Organization, 2014).

Moreover, the Cochran systematic review and meta-analysis of interventions for

preventing falls among community-dwelling older adults used the cutoff of 60 years

(Gillespie et al., 2012). Therefore, this doctoral thesis operationally defined older adults

as people aged 60 years or older.

It should be noted, the term “elderly”” had been commonly used interchangeably

with older adults in previous literature. However, it is sometimes referred to as an

ageism term stereotyping older adults as sick, frail, and physically dependent (Avers et
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al., 2011). Therefore, use of the term “older adults” was preferred in this doctoral thesis.

1.5.2. Community-dwelling

Community-dwelling means living in one’s home or not being institutionalized. The

living environment, functional status, and fall risk factors of community-dwelling older

adults are considerably different from those of institutionalized older adults. It is a

standard to study community-dwelling (Gillespie et al., 2012) and institutionalized

(Cameron et al., 2012) older adults differently. Since, community-dwelling older adults

are the target population of primary prevention of functional disability, this doctoral

thesis focused on community-dwelling older adults.

1.5.3. Falls

This doctoral thesis defined a fall as “unintentionally coming to rest on the ground, floor,

or other lower level due to reasons other than sudden-onset paralysis, epileptic seizures,

or overwhelming external forces” (Gibson, 1990). In order to examine the effects of

walking on falls, falls during bicycling were excluded.

1.5.4. Risk of falling
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A number of studies have identified various risk factors for falling (American Geriatrics

Society et al., 2001; Berg et al., 1997; Campbell et al., 1989; Tinetti et al., 1988). These

can be categorized into intrinsic (e.g., lower-extremity weakness, poor grip strength,

balance disorder, functional and cognitive impairment, visual deficits), extrinsic (e.g.,

polypharmacy [i.e., four or more prescribed medications]), behavioral (e.g., hurrying

too much), and environmental (e.g., poor lighting, loose carpets, and lack of bathroom

safety equipment) factors. As people become older, the intrinsic risk factors play more

dominant role than the extrinsic risk factors in occurrence of falls (Nickens, 1985;

Rubenstein et al., 1994). Therefore, this doctoral thesis focused mainly on the intrinsic

risk factors when assessing the risk of falling among older adults.

Although, the strength of association with falls differs among the various types

of fall risk factors, it was reported that duplication or co-existence of multiple fall risk

factors increases the risk of falling in greater extent (Graafmans et al., 1996; Nevitt et al.,

1989; Tinetti et al., 1988; Tinetti et al., 1986). Therefore, in this doctoral thesis, the

number of risk factors within an older individual was used to evaluate the different

levels of risk of falling.
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2.1. Observational studies

In the Studies 1 and 2, cross-sectional and longitudinal studies were conducted to

observe the association between habitual walking, falls, and risk of falling among

community-dwelling older adults.

2.1.1. Ethical consideration

We conducted these studies in accordance with the guidelines proposed in the

Declaration of Helsinki, and the study protocol was approved by the Ethics Committee

of the University of Tsukuba, Japan. The older adults participated in a health check-up

with their own will. All participants were explained verbally and by document,

regarding the purpose of the study and physical fitness tests, contents of the

questionnaire survey, handling of the data including anonymity. It was also clarified that

their consent was based on free will and could be withdrawn any time without

disadvantage. Confirming these points, the participants provided written informed

consent.

2.1.2. Funding

These studies were funded by the Japan Society for the Promotion of Science (Tanaka

K., A comprehensive guideline of a primary care physical activity program in older
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adults [19200047]).

2.1.3. Settings and participants

Study participants included community-dwelling older adults who participated in a

health check-up. These check-ups were organized by municipalities as part of a

nursing-care prevention (geriatric health promotion) program in Ibaraki, Chiba, and

Fukushima prefectures. The Study 1 was conducted in 2008 and 2009 and the Study 2

was conducted in 2008 to 2012 with follow-ups in 2009 to 2013. Almost all of the

participants were recruited through local advertisements and flyers. The eligibility

criteria were as follows: (1) community residents aged 60 years or older and (2)

individuals who were able to understand the instructions on the performance tests and

questionnaires.

2.1.4. Sample size

This sample size calculation was conducted after completion of the Study 1 to

determine the number of participants required in the Study 2. To detect significant

differences in fall incidences between the walkers and non-walkers (lower-risk: 7.5%

and 15%; higher-risk: 25% and 16%) (Okubo et al., 2011, Study 1) with a 5% alpha
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level and 80% power, a total of 610 person-years (lower-risk: 280 person-years;

higher-risk: 330 person-years) was computed as the required sample size.

2.1.5. Measurements

2.1.5.1. Habitual walking

The presence of habitual walking and its duration (min), frequency (times/week), and

number of years practiced were ascertained in an interview. The participants were

classified as walkers if, for over a year, they walked at least 30 minutes a day twice a

week (Japanese Ministry of Health, Labour and Welfare, 2012). Those who walked for

shorter periods of time were classified as non-walkers.

2.1.5.2. Fall risk factors

The six items to evaluate fall risk factors were chosen from those in the health check-up,

according to the fall prevention guideline (American Geriatrics Society, 2001), and

considering the “feasibility” in community and home and “modifiability” by

interventions. The fall risk factors chosen were (1) poor balance, (2) mobility limitation,

(3) knee pain, (4) depressive symptoms, (5) use of assistive device, and (6)

polypharmacy. In the Study 2, (7) previous fall history was added as another fall risk
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factor. Each fall risk factors were measured in the following methods.

2.1.5.2.1. Poor balance

One-leg stance with eyes opened (Vellas et al., 1997): The participants were instructed

to stand with their feet together, placing both hands on their waist, lift their preferred leg

from the floor, and keep their balance for a maximum of 60 seconds. The measurement

ended until the supporting foot moved, a hand left the waist, or body parts other than

supporting foot landed on the floor. The average time recorded to the nearest 0.1 s in

two trials was used in analysis. The participants who had an average time of less than 10

seconds were classified as having poor balance.

2.1.5.2.2. Mobility limitation

Difficulty in climbing stairs: The participants who reported difficulty in climbing 10

steps without resting were defined as having a mobility limitation (Guralnik et al., 1993;

Seino et al., 2010).

2.1.5.2.3. Knee pain

The participants who experienced knee pain or underwent treatment for knee pain were

defined as having knee pain.

2.1.5.2.4. Depressive symptom

Depressive symptoms: The participants who reported "I felt everything | did was an
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effort” or "I could not get going" during the past week, in The Center for

Epidemiological Studies-Depression scale (CES-D), were defined as having depressive

symptoms (Fried et al., 2001; Radloff, 1977).

2.1.5.2.5. Use of assistive device

The participants who regularly used a walking cane, walker, or wheelchair were defined

as requiring an assistive device.

2.1.5.2.6. Polypharmacy

Participants who were taking four or more medications were defined as polypharmacy

(Robbins et al., 1989). The medications included those prescribed by a doctor, and an

OTC (over-the-counter) drug, an unregulated drug, and supplement which could be

purchased at drugstores were excluded.

2.1.5.2.7. Previous fall history

The participants who experienced an injurious fall or multiple falls within a year prior

to the baseline were defined as having a previous fall history (Delbaere et al., 2010b;

Okubo et al., 2011).

2.1.5.3. Other measurements

Socio-demographics, anthropometrics, physical performances, lifestyle and
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psychological factors, and functional status were assessed to describe the characteristics
of the walkers and non-walkers. The participants completed self-reported health status
questionnaires and received an interview by a staff to confirm the information. The
performance tests were measured by trained researchers after the participant’s physical
conditions were ascertained.

2.1.5.3.1. Socio-demographics and anthropometrics

Age and gender were ascertained during the interview. Body height (cm) and weight
(kg) were measured in light clothing without shoes, and body mass index (BMI, kg/m?)
was calculated. The presence of scoliosis was ascertained when measuring the body
height.

2.1.5.3.2. Performance tests

2.1.5.3.2.1. Hand-grip strength

Hand-grip strength was measured using a hand-held dynamometer (GRIP-D, T.K.K
5401; Takei Scientific Instruments, Tokyo, Japan). Participants were in a standing
position with their arms hanging naturally at their sides. They were instructed and
verbally encouraged to squeeze the hand-grip as hard as they could. Grip size was
adjusted to a comfortable level for the participant. Participants performed two trials with

each hand alternately, and the results were average to the nearest 0.1 kg.
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2.1.5.3.2.2. One-leg balance with eyes open

Participants were asked to stand on their preferred leg for a maximum of 60 s, during

which they could maintain a one-legged stance with their eyes open in a standard

position. The average time recorded to the nearest 0.1 s in two trials was used in

analysis.

2.1.5.3.2.3. Tandem balance

Participants stood with the heel of one foot directly in front of the toes of the other foot

for a maximum of 30 s. The end point occurred when the participants shifted from the

tandem position lifted or replaced a foot, moved a foot on the floor, or touched any

object with their hands to maintain their balance (Rossiter-Fornoff et al., 1995).

Participants performed two trials with the results averaged to the nearest 0.01 s.

2.1.5.3.2.4. Sit and reach

Participants sat on the flower with their back touching a walk, legs placed forward. The

participants placed their palms on the measuring device (T.K.K.5112; Takei Scientific

Instruments, Tokyo, Japan), with their elbows and knees being kept straight, and

reached forward as fur as possible. The distance was recorded to the nearest 0.5 cm and

the average of two trails was used in the analysis.

2.1.5.3.2.5. Functional reach
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Participants were asked to stand with their shoulder adjacent to a measuring scale

attached to a wall. The participants stood by the wall with their feet apart in their

shoulder width, raised their arms to the horizontal line (starting position), reached

forward while keeping their arms straight and horizontal (ending position). The distance

from the starting position to the ending position of the tips of their middle fingers was

measured. The distance was recorded to the nearest 1 cm and the average of two trials

was used in the analysis.

2.1.5.3.2.6. Five-repetition chair stand

The chair stand test measures the time to move from a sitting to a standing position 5

times without using the arms. Participants were asked to stand up and sit down on a

straight-backed chair 46 cm high as quickly as possible. The time was measured from

the initial sitting position to the final fully erect position at the end of the fifth stand

(Guralnik et al., 1994). Participants performed two trials, and the results were averaged

to the nearest 0.01 s.

2.1.5.3.2.7. Alternate step

Participants were asked to step with alternate legs onto a raised platform. The time it

took to place each leg alternately onto a 19-cm high step 8 times was measured (Menz

and Lord, 2001). Participants performed two trials, and the results were averaged to the
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nearest 0.01 s.

2.1.5.3.2.8. Timed up and go

Participants were asked to raise from a 46-cm high chair, walk forward 3 m as quickly

as possible, turn 180 degrees, walk back to the chair, and sit down (Podsiadlo and

Richardson, 1991). Participants performed two trials with the results averaged to the

nearest 0.01 s.

2.1.5.3.2.9. Five-meter usual gait

Participants were instructed to stand with their feet behind and just touching a starting

line marked with tape at 0 m and, on receiving the tester’s command, to start walking at

their normal pace along a 7-m course. The actual walking speed was measured over 5 m

starting with the first footfall past the 1-m mark and ending with the first footfall after

the 6-m mark. Participants performed two trials with results averaged to the nearest 0.01

s (Shinkai et al., 2000).

2.1.5.3.2.10. Three-meter tandem walk

The dynamic balance was assessed using the timed forward tandem walk test over a 3-m

course that was 5-cm wide (Nevitt et al., 1989). The participants were instructed to

place one foot in front of the other, ensuring that with each step the heel of one foot was

directly in front of the toes of the other foot. The participants were instructed to walk
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forward as fast as possible without falling or making a mistake. The time was recorded

to the nearest 0.01 s and the average of two trials was used in the analysis. In addition,

the number of mistakes was recorded. A composite measure was calculated by summing

the time and number of mistakes, with higher scores indicating a worse performance.

2.1.5.3.3. Lifestyle factors

Frequency of field work (day/week), house work (day/week), and outings (day/week)

were ascertained during the interview. All behavior to go out of one’s home regardless

of the purpose or duration was considered as an outing.

2.1.5.3.4. Psychological factors

Fear of falling was ascertained by the question “Are you afraid of falling?” Self-rated
health was ascertained by the question “How is your health condition?” in the Japanese
version of the 36-item short-form health survey (SF-36) (Fukuhara et al., 1998). The
question “In general, would you say your health is --- and response categories (1)
excellent, (2) very good, (3) good, (4) fair, and (5) poor” were used. The responses (1)

to (3) were rated as “good” in the analysis.
2.1.5.3.5. Functional status

Tokyo Metropolitan Institute of Gerontology index of competence (TMIG-IC) (Koyano
et al., 1991) which consisted of three domains of functional status, instrumental
self-maintenance, intellectual activity, and social role, were ascertained during
interview.

2.1.5.3.6. Medical history in one year
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Medical history for the previous one year including stroke, hypertension, diabetes, heart

diseases (e.g., arrhythmia, heart failure, and ischemic heart disease), osteoporosis, and

glaucoma/cataract were ascertained during the interview.

2.2. Intervention studies

2.2.1. Study design

In the Studies 3 and 4, intervention and follow-up studies were conducted to examine

the short-term (physical and psychological fall-related factors) and long-term (incidence

rate of falls and trips) effects of habitual walking among community-dwelling older

adults. The study design was a 2-armed intervention trial with a follow-up survey

(Figure 6). In an attempt to accomplish both our research purposes and the ethical

satisfaction of the study participants (Tanaka and Shigematsu, 2010), an active control

group was arranged. The active control group, namely a balance group, received a

common fall prevention program (Gillespie et al., 2012) that was substantially different

from walking, namely without increasing exposure to environmental hazards. No

blinding was applied in study procedure.
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Three-month intervention One-year follow-up

Walking group
Center-based walking .
Home-based walking > Home-based walking >

Balance group

Center-based Tai chi,

strength & balance trainin
& & Home-based Strength & balance training
Home-based
Strength & balance training
A A A
Pre-intervention Post-intervention Follow-up
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Y

Study 3 (physical and psychological fall-related factors)

Y
Study 4 (incidence rate of falls and trips)

Figure 6. Overall design of the intervention studies

2.2.2. Ethical consideration

The study protocol was developed in accordance with the guidelines proposed in the

Declaration of Helsinki and was approved by the Research Ethics Committee of the

Faculty of Health and Sport Sciences of the University of Tsukuba, Japan (TAI23-42).

The study protocol was registered with the UMIN Clinical Trials Registry

(UMINO000012058).

2.2.3. Funding

These studies were funded by the Japan Society for the Promotion of Science (Okubo Y.,

Examination of fall prevention effects of habitual walking among lower-risk

community-dwelling older adults [12J01824]).
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2.2.4. Settings and participants

The trial was conducted in the University of Tsukuba, twice from September to
December 2012 and from April to July in 2013. Study participants were recruited
through advertisements in a community newspaper. The eligibility criteria were as
follows: aged between 65 to 79 years; not care-dependent or support-dependent on a
Japanese long-term care insurance system; not restricted from exercising by a doctor;
and without regular exercise habits. Participants were excluded if they were at a high
risk of falling (two or more of the following: using a walking aid; knee pain; using four
or more medications; and a history of recurrent falls/fractures in the previous year)
(Okubo et al., 2011, Study 1; Okubo et al., 2015, Study 2), were unable to participate in
either of the two intervention groups, or had participated in another clinical trial during
the previous year (Figure 13). The remaining participants were then assigned to one of
the two study arms using computer-generated random numbers. The participants were
ranked in order of the computer-generated random numbers; the top 20" (in 2012) or
25" (in 2013) ranks were assigned to the balance group and the remaining to the
walking group. The numbers of participants were decided according to the capacity and
safety of the program. Age and gender equality between the two groups was confirmed.

If a participant was informed of his/her group allocation and was unable to participate in
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the allocated group, he/she was excluded from the study and considered to be dropped

out. We then held an explanatory meeting for the included study participants and

obtained written informed consent.

2.2.5. Sample size

This sample size calculation was for the Study 4 (fall incidence as main outcome) which

would require greater number of participants than the Study 3 (continuous variables as

main outcome). To detect a significant (0.70) relative fall risk among the walking group

with a 3.0 base incidence rate, 80% power, and 5% alpha error, 100 participants were

needed.

2.2.6. Intervention programs

2.2.6.1. Common features of exercise classes

The intervention programs consisted of 12 2-h sessions held at the university once per

week for 12 weeks. A session consisted of lectures (20 min), a warm-up (10-15 min),

recreational activity (0-10 min), the main exercise (30-50 min), and a cool-down (10-15

min). The lectures included the following topics: fall prevention, the benefits of and tips

for regular exercise, training mechanisms, etc. Heart rate (HR) was measured during the

main exercise with a heart rate monitor (RS400, Polar Electro Japan, Tokyo, Japan).
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Percent HRmax was calculated using the following formula: HR/age expected HRmax
(220 — age (years)) x 100. All of the programs, except for the main and home exercise

components, were the same in both groups.

2.2.6.2. Walking group

Brisk walking on a pedestrian road was the main exercise for the walking group. Proper
walking technique and advice for purchasing suitable walking shoes were provided to
the participants. In order to maintain a good applicability in wide range of
community-dwelling older adults, a strict walking protocol (pre-determined walking
duration, speed, and distance) was not provided in this study. However, the participants
were instructed to walk more quickly than their usual pace, but between “Light (11)”
and “Somewhat hard (13)” on the rating of the perceived exhaustion scale (Borg, 1982).
According to the participant’s walking ability and condition, they chose one of five
groups of different walking paces, each led by a trained instructor. The duration (min),
distance (km), and pace (m/min) in each group were recorded by instructors. The
duration of walking was extended from 30 min during the 1 week to 50 min by the 12"
week. The walking distance and pace of the groups were gradually increased by the

participants, with guidance of instructors, within both the above timeframe and the
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perceived exhaustion of the participants (the 1% week: 2.3 + 0.2km, 78.4 + 3.6
m/min, the 12" week: 45 + 0.6 km, 96.2 + 12.6 m/min) (Figure 7). When walking
outside was not feasible due to rain (twice in 2012, once in 2013), a walking-related
exercise (Shigematsu et al., 2008) was conducted indoors. Walking for 30 to 50 min, 3
to 5 days per week, was also recommended for home exercise (American College of
Sports Medicine, 2009). The participants received pedometers (Lifecorder PLUS,
Suzuken Inc., Aichi, Japan) to wear every day, and they recorded their step counts and

walking durations in their exercise diaries for self-monitoring.
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Figure 7. Self-selected walking speed, duration, and distance within exercise classes
over 3-month intervention period (n = 50)

2.2.6.3. Balance group
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Balance training, muscle strengthening of the legs (15-20 min), and tai chi (30-40 min)
were the main exercises for the balance group. Beginner’s tai chi (8 forms) and 24-form
tai chi were taught by a professional tai chi instructor. The strength and balance program
was based on the Otago Exercise Program, of which an individual could choose one of
four levels of difficulty and intensity. All participants started from level one and were
recommended to increase the level or perform multiple sets as they got used to the level
(Gardner et al., 2001). Balance training included a one-leg stance with the eyes
opened/closed, with decreasing support of the upper limbs (Sherrington et al., 2008).
Muscle strengthening consisted of ankle dorsiflexors and plantar flexors, knee extensors,
knee flexors, hip abductors, squats, and lunges at increasing levels of difficulty and dose
(10-20 repetitions) (Gardner et al., 2001). Balance and muscle strengthening training
were also recommended for home exercise, to be done 3 to 5 days per week. The

participants recorded the home training in their exercise diaries.
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2.2.7. Measurements

At baseline, information regarding gender, medication use, history of cataract/glaucoma,

lumbar pain, knee pain, fear of falling, and history of falling over the past year was

collected. Body weight and height were measured.

Items and methods of measurements used to assess the effects of the

interventions were described here after. Since, a non-exercise control group was not

available in these studies, reliability of the measurements were assessed by calculating

intraclass correlation coefficients (ICC) and 95% Cls.

2.2.7.1. Usual and maximal gait speeds

According to the previously described method, 5-m usual gait time on a 7-m course was

measured with a verbal command “Please walk at your usual pace such as when you

walk in your home.” Maximal gait time was also measured with a verbal command

“Please walk as fast as you can such as when you are in hurry.” Usual and maximal gait

speeds (m/s) were calculated by dividing 5 (m) by the usual and maximal gait times (s).

The speed was recorded to the nearest 0.01 m/s and the average of two trials was used in

the analysis. The reliability of the two trials in usual and maximal gait speed was

excellent with ICCs (95% CIs) of 0.94 (0.91-0.96) and 0.96 (0.93-0.97), respectively.
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2.2.7.2. Ten-meter walk over obstacles

Six urethane-made obstacles (height: 20 cm, length: 100-cm, depth: 10 cm) were placed

in 2-m interval on a 10-m course. Participants were instructed to stand with their feet

behind and just touching a starting line and, on receiving the tester’s command, to start

walking at their fastest pace along a 10-m course stepping over the obstacles. The time

was recorded to the nearest 0.01 s and the average of two trials was used in the analysis.

The reliability of the two trials in 10-m walk over obstacles was excellent with an ICC

(95% CI) of 0.97 (0.96-0.98).

2.2.7.3. Six-minute walk

Participants were instructed to walk as far as possible in 6 minutes, in 50-meter course.

The distance they covered in 6 minutes was recorded in meters. If participants felt

difficult to continue walking for 6 minutes, they were allowed to quit and the distance

they covered until the termination was recorded. The distance was recorded to the

nearest 1 m in one trial (because the second trial was likely to be affected by fatigue)

and was used in the analysis. Although the reliability of six-m walk was not able to

examine, excellent reliability with ICCs of 0.98-0.99 have been reported previously

(Hesseberg et al., 2014; Kervio et al., 2004).

2.2.7.4. One-legged stance with eyes closed
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Participants were asked to stand on their preferred leg for a maximum of 60 s, during

which they could maintain a one-legged stance with their eyes closed in a standard

position. The measurement ended until the supporting foot moved, a hand left the waist,

eyes opened, or body parts other than supporting foot landed on the floor. The reliability

of the two trials in one-legged stance with eyes closed was poor with an ICC (95% CI)

of 0.32 (-0.03-0.55).

2.2.7.5. Timed up and go

According to the previously described method, the time taken to rise from a chair, walk

forward 3 m as quickly as possible, turn 180 degrees, walk back to the chair, and sit was

measured. The reliability of the two trials in timed up and go was excellent with an ICC

(95% CI) of 0.95 (0.93-0.97).

2.2.7.6. Functional reach

According to the previously described method, the maximal distance to reach forward

was measured. The reliability of the two trials in functional reach was excellent with an

ICC (95% CI) of 0.93 (0.89-0.95).

2.2.7.7. Thirty-second chair stand test

This test counts the repetition to stand from a sitting position in 30 seconds without

using their arms (Jones et al., 1999). Participants were asked to stand up and sit down
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on a straight-backed chair (they sit on a chair that was 46-cm high) as quickly as

possible. The repetition to form the initial siting position to the final fully erect position

was counted for 30 seconds. The repetition was recorded in only one trial (because the

second trial was likely to be affected by fatigue) and was used in the analysis. Although

the reliability of 30-s chair stand was not able to examine from the data, Jones et al.

(1999) reported excellent reliability with an ICC of 0.95 (0.84-0.97) for this test.

2.2.7.8. Knee extension force

Knee extension force was measured using a dynamometer (Biodex system 3, Biodex

Medical, New York, USA). Maximum isometric contractions were held with knees at

60° for three seconds, with a five-second rest period between three repetitions in each

trial. The knee extension force (torque) was recorded to the nearest 0.01 Nm, and the

maximal values of the tree trials in both legs were averaged to be used in the analysis.

The reliability of the tree trials in knee extension force was excellent, with an ICC (95%

CI) of 0.96 (0.95-0.97).

2.2.7.9. Fall self-efficacy

The fall self-efficacy scale for older Japanese (Takenaka et al., 2002), which ascertains

confidence in performing 15 activities of daily living that are common in Japan (e.g.,

reaching up to a high shelf) without falling, was used. The sum of the items (15 to 75
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points) was used in the analysis. The reliability (test and retest within two weeks) of
falls self-efficacy has been reported as acceptable with a correlation coefficient of 0.74
(Takenaka et al., 2002).

2.2.7.10. Daily step counts

Daily step counts were measured with a pedometer (Life-coder PLUS, Suzuken Inc.,
Japan), used by the participants for at least 12 hours per day for one week. The
reliability of the daily step counts over 5 consecutive days has been reported as good

with Cronbach’s a of 0.84 to 0.87 (Strycker et al., 2007).
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CHAPTER 3
STUDY 1:
Cross-sectional association between habitual walking and falls
among community-dwelling older adults:

Difference by risk of falling

Related publication
Okubo et al., Association between habitual walking and multiple or injurious falls

among community-dwelling older adults: Difference by risk of falling (article in
Japanese). Jpn J Phys Fitness Sports Med 2011, 60(2):239-248.

46



CHAPTER 3 Study 1
Cross-sectional study

3.1. Purpose

The purpose of this study was to examine the association between habitual walking and

falls among community-dwelling older adults, stratified by the different risk of falling.

3.2. Methods

3.2.1. Study design

The study design was a cross-sectional study. However, the reverse-causation was

unlikely to happen because we extracted only habitual walking continued for one year

or longer, which prior to the fall events in the past one year.

3.2.2. Participants

Study participants were recruited through a method described previously (see 2.1.3, in

page 23). Out of 823 participants of the health check-ups in 2008 to 2009, participants

who duplicated (n = 77), younger than 60 years (n = 26), and had missing data for fall

status (n = 12) were excluded. A total of 708 participants (233 men, 475 women) were

included in the subsequent analyses.

3.2.3. Measurements
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According to the methods described previously (2.1.5 Measurements, page 24), the

presence of habitual walking, fall risk factors, socio-demographics, anthropometrics,

physical performances, lifestyle and psychological factors, and functional status were

measured.

3.2.3.1. Fall history

The fall frequency for the past year and sustained injuries (e.g., contusion, incised

wound, abrasion, bone fracture) were ascertained at the annual health check-up. When

the participants reported falls, the activities being performed when falls occurred and

the causes of falls were recorded for the most injurious falls. Since previous studies

have reported that single fallers are similar to non-fallers (Nevitt et al., 1989), the

outcome variable “fallers” was defined as participants who suffered multiple falls and

participants who suffered a fall with injury within a previous one year (Delbaere et al.,

2010b; Okubo et al., 2011). The participants who suffered single fall without injury or

did not suffer a fall were classified as non-fallers.

3.2.4. Statistical analyses

In order to examine the association between habitual walking and falls considering the
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different risk of falling, the following two subgroup analyses were conducted.

3.2.4.1. Subgroup analysis I

To examine the point at which the association between habitual walking and falls was

modified, the participants were first classified into five different risk levels for falling

(RO, R1, R2, R3, and R4+) according to the numerical value of the positive score for the

fall risk factors. The prevalence of fall history of the walkers and non-walkers was

calculated according to the five risk levels for falling. x-square test was applied to

examine the statistical significance of prevalence of fall history between the walkers and

non-walkers stratified by the five levels of falling risks.

3.2.4.2. Subgroup analysis I

Then, groups RO, R1, and R2 were defined as the lower-risk (R < 3) group, and groups

R3 and R4+ were defined as the higher-risk (R > 3) group. An analysis of covariance

(ANCOVA) was applied to examine the statistical significance of difference in

characteristics among the lower- and higher-risk groups, adjusted for age and gender.

x -square test was applied to examine the statistical significance of categorical variables

of the characteristics among the lower- and higher-risk groups. The same methods were

applied to examine the statistical significance of difference in characteristics among the

walkers and non-walkers stratified by the higher- and lower-risk groups. Multivariable
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logistic regression analysis was applied, to calculate odds ratios (ORs) and 95% Cls
with fall history as a dependent variable, habitual walking as an independent variable,
gender, age, depressive symptoms, poor balance, polypharmacy, use of assistive device,
knee pain, and mobility limitation as covariates. The multivariable logistic regression
analysis was conducted stratified by the higher- and lower-risk groups.
3.2.4.3. Analysis of an interaction
To examine the statistical significance of interaction between habitual walking and fall
history, multivariable logistic regression analysis was applied, with fall history as a
dependent variable, “being higher-risk (R > 3) and doing habitual walking (yes)” as
an independent variable, gender, age, habitual walking, higher-risk, depressive
symptoms, poor balance, polypharmacy, use of assistive device, knee pain, and mobility
limitation as covariates. The age was entered as a continuous variable and other items
were entered as categorical variables.

P-values of less than 0.05 were considered statistically significant. IBM SPSS

Statistics 19 was used for the statistical analysis.
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3.3. Results

3.3.1. Socio-demographics

The age of the study participants were 72.3 = 6.6 (60-91) years (men: 72.5 + 6.5 years;

women: 72 = 6.7 years). The mean duration of walking, frequency of walking, weekly

amount of walking, and number of years practicing walking were 48.1 = 20.3

(30-180) min/day, 5.3 £ 2.0 (2-14) times/day, 256.9 =+ 157.2 (60-1260) min/week,

and 7.6 = 6.5 (1-36) years.

Table 3 represents the prevalence of walkers and fallers according to gender

and age category. The prevalence of walkers was 36.1% in men and 23.8% in women.

The prevalence of fallers was 6.4% in men and 13.1% in women.
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Table 3. Prevalence of walkers and fallers according to gender and age category (n =

708)
Walkers Fallers
Age n
n (%) n (%)
Men
60-64 21 6 (28.6) 1 (1.4)
65-69 63 24 (38.1) 1 (4.1)
70-74 64 24 (37.5) 5 (7.8)
75-79 47 19 (40.4) 6 (12.8)
80+ 38 11 (28.9) 2 (5.3)
Total 233 84 (36.1) 15 (6.4)
Women
60-64 64 19 (29.7) 4 (6.3)
65-69 116 30 (25.9) 16 (13.8)
70-74 118 33 (28.0) 15 (12.7)
75-79 105 23 (21.9) 12 (11.4)
80+ 72 8 (11.1) 15 (20.8)
Total 475 113 (23.8) 62 (13.1)

Fallers: participants who experienced multiple falls (> 2) or suffered an injurious fall (>

1) in the previous one year.

Table 4 represents the prevalence of fall risk factors and previous fall status

among the walkers and non-walkers. The prevalence of poor balance, mobility

limitation, knee pain, and use of assistive device were significantly lower among the

walkers than those of the non-walkers. The mean number of fall risk factors among the

walkers (0.99 + 1.09) was significantly lower than that of the non-walkers (1.32 + 1.35).

The prevalence of at least one fall was significantly lower among the walkers than that
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of the non-walkers. However, the prevalence of multiple or injurious falls were 7.6%

among the walkers and 12.1% among the non-walkers, and no statistically significant

difference was observed.

Table 4. Prevalence of fall risk factors and previous fall status among the walkers and
non-walkers (n = 708)

Non-walkers Walkers
Variables
(n=511) (n =197)
Fall risk factors

Poor balance, yes 143 (28.4) 41 (20.9) *
Mobility limitation, yes 133 (26.0) 30 (15.2) *
Knee pain, yes 81 (15.9) 15 (7.6) *
Depressive symptoms, yes 182 (35.8) 70 (35.5)
Assistive device, use 35 (6.8) 5 (2.5) *
Polypharmacy, yes 100 (19.6) 34 (17.3)

Number of fall risk factors

0 170 (33.3) 82 (41.6) *
1 168 (32.9) 61 (31.0)

2 72 (14.1) 36 (30.1)

3 59 (11.5) 12 (6.1) *
4+ 42 (8.2) 6 (3.0 *
Fall status in previous one year

Any falls (> 1), yes 90 (17.6) 22 (11.2) *
Multiple falls (> 2), yes 30 (5.9) 7 (3.6)
Injurious (> 1) falls, yes 51 (10.0) 17 (8.6)

Multiple or injurious falls, yes 62 (12.1) 15 (7.6)

* P<0.05 vs the non-walkers. n (%)
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3.3.2. The subgroup analysis 1

Figure 8 represents the prevalence of falls among the walkers and non-walkers,

stratified by the five levels of fall risk. The prevalence of fallers among the walkers

compared to the non-walkers was significantly lower in the group R2, and

non-significantly lower in the groups RO and R1. In contrast, the prevalence of fallers

among the walkers compared to the non-walkers was non-significantly higher in the R3

and R4+. With this results, the groups RO, R1, R2 (n = 589) were combined as the

lower-risk group, and the groups R3 and R4+ were combined as the higher-risk group (n

= 119) for the subsequent subgroup analysis 1I.
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Figure 8. Prevalence of fallers among the walkers and non-walkers, stratified by the
five levels of fall risk (n = 708)

* P <0.05 vs the non-walkers

R: number of fall risk factors (poor balance, mobility limitation, knee pain,

depressive symptoms, use of assistive device, and polypharmacy)

3.3.3. The subgroup analysis I

Figure 9 represents the histogram of the participants, stratified by the age category and
the lower- and higher-risk groups. The histogram showed that the lower-risk participants
were distributed around 65-74 years. On the other hand, the higher-risk participants

were distributed around 75-84 years.
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Figure 9. Histogram of participants among the lower- and higher-risk groups (n = 708)

Table 5 represents the characteristics of the walkers and non-walkers, stratified by the

higher- and lower-risk groups. In the socio-demographics, the prevalence of women

among the walkers was significantly higher than that of the non-walkers in the

lower-risk group. However, the difference in the prevalence of women was not observed

in the higher-risk group. In the physical performance, no difference was observed

between the walkers and non-walkers in either higher- and lower-risk groups. In the

comparison between the higher- and lower-risk groups, all variables were significantly

better (younger, taller, lighter in weight, stronger, faster, and longer in maintaining

balance) in the lower-risk group than higher-risk group.
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Table 5. Socio-demographics and physical performances of the walkers and

non-walkers, stratified by the higher- and lower-risk groups (n = 708)*

Lower-risk group (R < 3)

Higher-risk group (R = 3)

(n = 589) (n =119)
Variables
Non-walkers Walkers Non-walkers Walkers
(n=410) (n=179) (n=101) (n=18)
Socio-demographics & Anthropometrics
Age, years 715 0.3 71.2 0.5 77.2 0.6 77.0 £14
Gender, female 282 (68.8) 102 (57.0) * 80 (79.2) 11 (61.1) f*
Body height, cm 153.2 £0.3 153.7 £04 1485 £0.5 1489 +1.2 ¢
Body weight, kg 549 104 54.6 0.6 541 1.2 583 +21 *
BMI, kg/m” 234 £0.2 23.1 £0.2 248 +04 263 09 *
Spinal curvature, yes 21 (5.1) 5 (2.8) 19 (18.8) 4 (22.2) t
Physical performance

+ One-leg balance with

eves opened, s 36.6 +1.0 394 +1.5 86 t1.1 93 25 ¢t
+ Tandem balance, s 28.3 +0.2 28.6 +0.4 23.8 +0.9 213 +20 T
+ Functional reach, cm 273 +0.3 27.8 +0.4 22.8 +0.7 214 +14 F
- Five-chair stance, s 70 +0.1 6.8 +0.1 9.5 +0.3 83 06 T
- Alternate step, s 42 +0.0 42 10.1 58 +0.2 52 +05 ¢
-Timed up & go, s 6.2 0.1 6.2 +0.1 89 0.3 80 0.7 ¢
- 5-m usual gait, s 3.7 0.0 3.7 0.1 51 +0.2 47 +04
- Tandem walk, s 11.6 +0.2 11.4 +0.3 16.6 +0.6 154 +13 t

N (%) or adjusted mean * standard error, R: number of fall risk factors (poor balance,

mobility limitation, knee pain, depressive symptoms, use of assistive device, and

polypharmacy)

Tt P < 0.05 vs the lower-risk group, * P < 0.05 vs the non-walkers

Analysis of covariance (ANCOVA); continuous variables were adjusted by gender and

age (age was adjusted only by gender) ! Less than 10% missing data.

BMI: body mass index, + : higher values denote good performance, - : lower values

denote good performance
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Table 6 represents the lifestyle, psychological factors, functional status, and medical

history of the walkers and non-walkers, stratified by the higher- and lower-risk groups.

In the psychological factor, the fear of falling among the walkers was significantly

lower than that of the non-walkers in the higher-risk group. In the medical history, the

walkers had significantly higher prevalence of diabetes mellitus than that of the

non-walkers in the higher-risk group, but no other differences were observed between

the walkers and non-walkers. The lower-risk group was significantly better than the

higher-risk group in all variables except for field work.
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Table 6. Lifestyle, psychological factors, functional status, and medical history of the

walkers and non-walkers, stratified by the higher- and lower-risk groups (n = 708)*

Lower-risk group (R < 3)

Higher-risk group (R = 3)

(n = 589) (n =119)
Variables
Non-walkers Walkers Non-walkers Walkers
(n=410) (n=179) (n=101) (n=18)

Lifestyle factors

Field work, day/week 36 * 31 #* 35 * 39 +

House work, day/week 53 * 54 % 54 +0.2 44 +

Frequency of outings,

day/week 6.5 0.1 6.6 £0.1 5.8 +0.2 6.1 +0.5 t
Psychological factors

Fear of falling, yes 144 (35.1) 61 (34.3) 74 (73.3) 8 (44.4) t

Self-rated health, good 358 (87.7) 165 (92.2) 57 (58.2) 15 (83.3) +
Functional status

+TMIG-IC, 0-13 104 0.1 105 +0.2 9.8 +£0.3 9.4 *0.6 t
Medical history in one year

Stroke, yes 5 (1.2) 5 (2.8) 7 (6.9) 0 (0.0) t

Hypertension, yes 142 (34.6) 74 (41.3) 56 (55.4) 9 (50.0) t

Diabetes, yes 23 (5.6) 19 (10.6) * 16 (15.8) 1 (5.6) +

Heart disease, yes 33 (8.0) 12 (6.7) 21 (20.8) 4 (22.2) t

Osteoporosis, yes 23 (5.6) 6 (3.4) 17 (16.8) 2 (11.1) t

Glaucoma/cataract, yes 9 (2.2) 4 (2.2) 7 (6.9) 1 (5.6) t

N (%) or adjusted mean * standard error, R: number of fall risk factors (poor balance,
mobility limitation, knee pain, depressive symptoms, use of assistive device, and
polypharmacy)

Tt P < 0.05 vs the lower-risk group, * P < 0.05 vs the non-walkers

Analysis of covariance (ANCOVA); continuous variables were adjusted by gender and

age ! Less than 10% missing data.

TMIG-IC: Tokyo Metropolitan Institute of Gerontology-Index of Competence
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Table 7 represents the ORs and 95% Cls of habitual walking for fall history, stratified

by the higher- and lower-risk groups. Among the lower-risk group, habitual walking was

significantly associated with fewer fall history (OR: 0.44, 95% CI: 0.20-0.96). In

contrast, among the higher-risk group, habitual walking was significantly associated

with greater fall history (OR: 3.42, 95% CI: 1.08-10.81). Among the lower-risk group,

the association between habitual walking and fewer fall history was significant even

after adjusted for age, gender, and all six fall risk factors (OR: 0.44, 95% CI: 0.20-0.97).

Among the higher-risk group, the association between habitual walking and greater fall

history was significant even after adjusted for age, gender, and all six fall risk factors

(OR:4.61, 95% CI: 1.32-16.09).

60



CHAPTER 3 Study 1
Cross-sectional study

Table 7. Odds ratios and 95% Cls of habitual walking for fall history, stratified by the
higher- and lower-risk groups.

Habitual

walking

Lower-risk group (R < 3)
(n = 585%)

Higher-risk group (R = 3)
(n=111%)

No

Yes

No

Yes

Modell
Model2
Model3
Model4

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)

0.44 (0.20-0.96)
0.44 (0.20-0.97)
0.43 (0.19-0.94)
0.44 (0.20-0.97)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)

3.42 (1.08-10.81)
3.41 (1.07-10.78)
4.18 (1.22-14.32)
4.61 (1.32-16.09)

* P<0.05
Modell: Adjusted for gender

Model2: Modell adjusted for age

Model3: Model2 adjusted for poor balance, depressive symptoms, and polypharmacy

Model4 : Model3 adjusted for knee pain, mobility limitation, and use of assistive device

R: number of fall risk factors (poor balance, mobility limitation, knee pain, depressive

symptoms, use of assistive device, and polypharmacy)

a) 4 participants in the lower-risk group, 8 participants in the higher-risk group were

excluded from the analysis for missing data

In the multivariable logistic regression analysis with all participants, a significant

interaction between habitual walking and higher-risk, adjusted for all covariates, was

observed (P <0.01).
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3.4. Discussion

3.4.1. Habitual walking and fall history among the lower-risk older adults

The results of the current study suggest that habitual walking continued one year or

longer (7.6 = 6.5 years) was related with fewer fall history in past one year among the

lower-risk community-dwelling older adults. The interaction between habitual walking

and higher-risk indicates that the relationship between habitual walking and fall history

was significantly modified by the high-risk characteristics of the study participants. To

our best knowledge, this was the first study which suggested that high-risk

characteristics of the community-dwelling older adults were the effect modifier in the

association between habitual walking and fall history.

Although this was a cross-sectional study, a few possible reasons for the

observed beneficial association among the lower-risk participants were speculated. Gait

deficit or decline in walking ability has been reported as one of the major fall risk

factors in many previous studies (American Geriatrics Society, 2001; Suzuki et al.,

1999). Suzuki et al. (2004) described that walking might be effective in preventing falls

through maintaining the walking ability of older adults. However, in the current study,

the physical performance tests related to walking ability such as timed up & go and 5-m

habitual walk did not show significant difference between the walkers and non-walkers
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among the lower-risk group. This may have been due to the fact that some of the

non-walkers in the current study were engaged in other forms of habitual exercise such

as golf, ground golf, calisthenics, and ball games (e.g., tennis, volley ball). It was

possible that the participants with other forms of habitual exercise had high physical

performance and masked the difference between the walkers and non-walkers. However,

it should be noted that even if the effects of walking on physical performance did not

differ from other forms of exercise, walking was significantly and specifically

associated with fewer fall history. Habitual walking in the outside environments with

various hazards for one year or longer might have been contributed to obtaining the

ability to detect hazardous situations for falling and recover the balance when tripped or

slipped.

In the medical history, the prevalence of diabetes mellitus was significantly

higher in the walkers than the non-walkers. Several previous studies have reported the

association between diabetes mellitus and falls among community-dwelling older adults

(Hanlon et al., 2002; Maurer et al., 2005; Seino et al., 2010). On the other hand,

exercise is known to improve the blood sugar and insulin resistance (Zisser et al., 2011).

The walkers in the lower-risk community-dwelling older adults might have been

walking in order to improve the blood sugar status.
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3.4.2. Habitual walking and fall history among the higher-risk older

adults

The results of the current study indicate that habitual walking among the higher-risk

community-dwelling older adults is associated with greater fall history. The association

between habitual walking and greater fall history remained significant even after

adjusted for age, gender, and all six fall risk factors (Table 7, page 61).

Although, this was a cross-sectional study, a few possible reasons for the

observed association could be speculated. Delbaere et al. (2010a) reported that one third

of community-dwelling older adults had either overestimated or underestimated fear of

falling compared to their physiological fall risk status. Soyano and Kamioka (2001)

described that older adults with actual high risk (being physically frail) and had

confidence in fall prevention were in the danger of falling during exercises. The

higher-risk walkers showed significantly lower prevalence of fear of falling than the

higher-risk non-walkers despite of the fact that the higher-risk walkers were not better

than the higher-risk non-walkers in the physical performance such as walking and

balance ability. The greater fall history among the higher-risk walkers might have been

due to the inappropriately low fear of falling or lack of proper attention. Kamioka and
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Okada (2008) described that the exercise with greater danger of falling was effective

because movements which accompanies loss of balance would train older adults to

maintain and recover their body balance. Walking is one form of exercise which

accompanies the danger of falling because the center of gravity precedes the base of

support during fast walking. However, in the higher-risk older adults who need assistive

device, have knee pain, or difficulty in climbing stairs, the danger of falling immanent

in the walking behavior and greater opportunity of encountering trips and slips might

exceed the merit of walking such as improvement of physical function.

Figure 8 (page 55) suggests that the point at which the association between

habitual walking and falls was modified was three risk factors of falling. An RCT by

Faber et al. (2006) reported that the negative effects of walking-related exercise

program were observed among the participants with three or more risk factors of frailty.

If habitual walking was to be recommended as an exercise in a health promotion

strategy for community-dwelling older adults, a criterion of three or more fall risk

factors could be proposed for screening the participants who could safely and

effectively walk for their health and fall prevention. For higher-risk

community-dwelling older adults, safer forms of exercise such as strength and balance

training, which traditionally known as effective fall prevention exercises, can be
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recommended (Sherrington et al., 2008; Wijlhuizen et al., 2007).

3.4.3. The interaction between habitual walking and higher-risk of falling

The statistically significant interaction between habitual walking and higher-risk of

falling was observed (P < 0.01). In other ward, the effect of walking on fall history was

reversed in the lower- and higher-risk characteristics of the study participants.

Large cohort studies in the United States also suggested the effects of high

physical activity was modified by the presence of difficulty in ADL (Stevens et al.,

1997) or IADL (Faulkner et al., 2009). Therefore, the interaction or modification effect

found in the current study could possibly be generalized in other population. To our best

knowledge, this was the first study which showed the significant interaction between

habitual walking naturally conducted by older adults and higher-risk of falling. However,

because habitual walking and high physical activity can be correlated, examination of

confounding is warranted.

3.4.4. Strengths and limitations

Strengths of the current study include the original subgroup analyses in different levels

of objectively assessed risk of falling, and relatively large sample size (n = 708) to allow

the analyses.
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On the other hand, our study has several limitations. First, the study participants

were limited to relatively healthy community-dwelling older adults who voluntarily

participated in the health check-up. Second, there is the potential for unmeasured

confounding variables that we could not assess, such as total physical activity, cognitive

function, and risk-taking behavior. Third, although the reliability of a retrospective fall

survey in Japanese community-dwelling older individuals has been confirmed (Haga et

al., 1996), prospective surveillance using a monthly fall calendar will be more reliable.

3.4.5. Conclusion of the Study 1

In conclusion, this cross-sectional study suggests that the association between habitual

walking and history of multiple or injurious falls among community-dwelling older

adults are significantly modified by the presence of risk factors for falling. Habitual

walking continued one year or longer was related with fewer fall history in past one

year among the lower-risk community-dwelling older adults. However, habitual walking

was related with greater fall history among the higher-risk community-dwelling older

adults with three or more risk factors for falling.

Further longitudinal study is warranted to examine the cause-effect relationship

suggested by this cross-sectional study.
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CHAPTER 4
STUDY 2:
Longitudinal association between habitual walking and falls
among community-dwelling older adults:

Difference by risk of falling

Related publication
Okubo et al., Longitudinal association between habitual walking and fall occurrences

among community-dwelling older adults: analyzing the different risks of falling. Arch
Gerontol Geriatr 2015, 60(1):45-51. (in press)
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4.1. Purpose

The results of the Study 1 are based on the cross-sectional analyses and not able to show

the cause-effect relationship. Therefore, the purpose of this Study 2 was to examine the

association between habitual walking and falls among community-dwelling older adults,

stratified by the different levels of risk of falling.

4.2. Methods

4.2.1. Participants

Study participants were recruited using a method described previously (see 2.1.3, in

page 23). In total, 1474 individuals (448 men and 1026 women) aged 60-91 participated

in the health check-up in 2008 to 2012. We excluded 773 individuals (247 men and 526

women) from the analysis due to incomplete follow-up health check-ups from 2009 to

2013. We also excluded 49 individuals (12 men and 37 women) who were under the age

of 60 and 117 individuals (32 men and 85 women) with incomplete data. A total of 535

individuals (157 men and 378 women) were thus enrolled in the present study.

4.2.2. Baseline measurements

At baseline, according to the methods described previously (2.1.5, page 24), the
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presence of habitual walking, fall risk factors, socio-demographics, anthropometrics,

physical performances, lifestyle and psychological factors, and functional status were

measured.

4.2.3. Follow-up surveillance and end point determination

The fall frequency for the past year and sustained injuries (e.g., contusion, incised

wound, abrasion, bone fracture) were ascertained at the annual health check-up. The

activities being performed when falls occurred and the causes of falls were also

recorded (only for the most serious fall for multiple fallers). Previous studies have

reported that single fallers were more similar to non-fallers than multiple fallers when

comparing a range of medical, physical, and psychological risk factors (Nevitt et al.,

1989). In the current study, the outcome variable “fallers” was defined as participants

who suffered multiple falls within a year during the follow-up period and participants

who suffered a fall with injury, as single fallers should not be categorized as non-fallers

when an injury occurs (Delbaere et al., 2010b). The participants were followed with an

annual health check-up until an injurious fall occurred, multiple falls occurred, the

participant missed the annual health check-up, or the end of 2013.
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4.2.4. Statistical analyses

In order to examine the association between habitual walking and falls considering the

different risk of falling, the following two subgroup analyses were conducted.

4.2.4.1. Subgroup analysis I

To examine the point at which the association between habitual walking and falls was

modified, the participants were first classified into five different risk levels for falling

(RO, R1, R2, R3, and R4+) according to the numerical value of the positive score for the

fall risk factors. The incidence of falls (n/100 person-years) of the walkers and

non-walkers was calculated according to the five risk levels for falling. An unadjusted

Cox proportional hazard model was used to examine the statistical significance of fall

incidence between the walkers and non-walkers, stratified by the five levels of falling

risks.

4.2.4.2. Subgroup analysis I

Then, groups RO and R1 were grouped as the lower-risk (R < 2) group, and groups R2,

R3, and R4+ were grouped as the higher-risk (R > 2) group. The ANCOVA adjusted for

gender and age (60-64, 65-69, 70-74, 75-79, and 80+ years) was used for the continuous

variables, and a y-square test was used for the binomial variables to examine the

statistical significance of the difference in the baseline characteristics between the
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walkers and non-walkers stratified in the lower- and higher-risk groups. The same

methods were applied to examine the statistical significance of the difference between

the lower- and higher-risk groups. The Logrank test was used to examine the difference

in time to the falls among the walkers and non-walkers in the lower- and higher-risk

groups. The hazard ratios (HRs) of falls, with their corresponding 95% Cls of habitual

walking, were calculated using the Cox proportional hazards regression model. This

analysis was conducted as a subgroup analysis that was stratified by the risk of falling

(lower/higher). The covariates included baseline age, depressive symptoms (yes/no),

poor balance (yes/no), polypharmacy (yes/no), assistive device (yes/no), mobility

limitation (yes/no), and previous fall history (yes/no). These covariates were chosen

because they were related to falls (American Geriatrics Society, 2001).

4.2.4.3. Analysis of an interaction

The interaction between habitual walking (yes) and a higher-risk of falling (yes) was

examined using the Cox proportional hazards regression model adjusted for the above

covariates plus habitual walking (yes/no) and risk of falling (lower/higher).

P-values of less than 0.05 were considered statistically significant. All statistical

analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA).

72



CHAPTER 4 Study 2
Longitudinal study

4.3. Results

4.3.1. Socio-demographics

At baseline, the age of the study participants was 73.1 + 6.6 years (range, 60-91) (men:

73.2 £ 6.2 years, women: 73 £ 6.7 years). The median (interquartile range) duration of

walking, frequency of walking, and number of years practicing walking were 40 (30-60)

min, 6 (3.5-7) days/week, and 5 (3-10) years, respectively. The weekly total amount of

walking was 210 (120-300) min/week. Compared with the participants who were

followed up, those who were not followed up were significantly younger (71.6 + 6.9

years) and had fewer risk factors for falling (1.1 + 1.2); however, no significant

differences were observed in gender, prevalence of walkers, or fall history.

4.3.2. Fall status

Table 8 shows the prevalence of walkers at baseline and the incidence rate of fallers in

the follow-up period. The prevalence of habitual walking was 30.6% in men and 18.5%

in women. During the follow-up, which lasted through 2013 and represented a mean

period of 1.7 (1-5) years (1.9 years in men and 1.6 years in women), a total of 916

person-years (295 person-years in men and 621 person-years in women) and 112 fall

cases (26 men and 86 women) among 535 older adults (157 men and 378 women) were
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observed. The incidence of fallers was 8.8% in men and 13.8% in women. The activities

when falls occurred were walking (58.3%), descending stairs (7.1%), ascending stairs

(2.4%), standing up (2.4%), standing (1.2%), running (1.2%), playing sports (1.2%),

bicycling (13.1%), and doing other tasks (13.1%). The causes of falls were tripping

(48.5%), slipping (21.1%), misstepping (12.4%), staggering (3.1%), dizziness (2.1%),

and other reasons (10.8%).

Table 8. Prevalence of walkers at baseline and incidence of multiple (2 2) or injurious
(2 1) falls in the follow-up period (n = 535)

Walkers Multiple or injurious falls
Age (years) n
n (%) n (n/100 person-years)

Men

60-64 12 3 (25.0) 0 (0.0

65-69 37 11 (29.7) 3 (3.8)

70-74 38 15 (39.5) 4 (6.3)

75-79 42 11 (26.2) 9 (12.7)

80+ 28 8 (28.6) 10 (18.2)

Total 157 48 (30.6) 26 (8.8)
Women

60-64 40 8 (20.0) 7 (10.1)

65-69 89 20 (22.5) 19 (12.9)

70-74 89 20 (22.5) 27 (19.0)

75-79 89 15 (16.9) 16 (11.7)

80+ 71 7 (9.9) 17 (13.5)

Total 378 70 (18.5) 86 (13.8)
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Table 9 shows the prevalence of positive scores for risk factors, the number of risk

factors for falling at baseline and the fall status during the follow-up period among the

walkers and non-walkers. The prevalence of mobility limitation and RO was

significantly higher in the non-walkers than in the walkers. In contrast, the prevalence

of R4+ was significantly lower in the walkers than in the non-walkers. The mean

number of fall risk factors among the walkers (1.02 + 1.35) was significantly lower than

that of the non-walkers (1.43 £ 1.46). The incidence of multiple or injurious falls was

13.5% in the walkers compared with 11.8% in the non-walkers, and no significant

difference was observed.
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Table 9. Prevalence of positive scores for risk factors, number of risk factors for
falling at baseline, and fall status during the follow-up period among walkers and
non-walkers (n = 535)

Non-walkers Walkers
Variables
(n =417) (n=118)
Risk factors for falling
Poor balance, yes 117 (28.1) 26 (22.0)
Mobility limitation, yes 140 (33.6) 20 (16.9)**
Knee pain, yes 108 (25.9) 30 (25.4)
Depressive symptoms, yes 45 (10.8) 7 (5.9)
Use of assistive device, yes 33 (7.9) 8 (6.8)
Polypharmacy, yes 94 (22.5) 20 (16.9)
Previous fall history, yes 60 (14.4) 9 (7.6)
Number of risk factors for falling
0 144 (34.5) 55 (46.6)*
1 103 (24.7) 34 (28.8)
2 81 (19.4) 15 (12.7)
3 46 (11.0) 6 (5.1)
4+ 43 (10.3) 8 (6.8)
Fall status during the follow-up period
Any falls (> 1), yes 130 (19.5) 39 (19.3)
Multiple falls (> 2), yes 38 (5.1) 18 (8.0)
Injurious falls (= 1), yes 71 (9.8) 21 (9.9)
Multiple or injurious falls, yes 84 (11.8) 28 (13.5)

* P<0.05, ** P<0.01 versus non-walkers

n (%), n (n/100 person-years) for fall status

4.3.3. The subgroup analysis I

Figure 10 shows the incidence of falls during the follow-up period using the five falling

risk levels and the presence of habitual walking. The incidence of falls did not differ

significantly between the walkers and non-walkers in RO and R1 or between the walkers

and non-walkers in R2 and R3; however, it was significantly higher in walkers in R4+
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compared with non-walkers. Despite the lack of statistical significance, the direction of

the differences in the incidence of falls (i.e., lower among walkers in RO and R1 but

higher among walkers in R2, R3, and R4+) led to the grouping of these five categories

into two groups. According to these results, RO and R1 were grouped as a lower-risk

group (n = 336, 594 person-years), and R2, R3, and R4+ were grouped as a higher-risk

group (n = 199, 322 person-years) for the subsequent subgroup analyses.
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Figure 10. Incidence of multiple (2 2 falls) or injurious (2 1 fall) falls in the follow-up
period, by 5 levels of risk of falling and presence of habitual walking (n = 535)

* P <0.05 versus Non-walkers

R = number of risk factors for falling. The risk factors are depressive symptom, poor
balance, polypharmacy, use of assistive device, knee pain, mobility limitation, and

previous fall history.

4.3.4. The subgroup analysis I
Figure 11 represents the histogram of the participants, stratified by the age category and
the lower- and higher-risk groups. The histogram showed that the lower-risk participants

were distributed around 65-74 years. On the other hand, the higher-risk participants
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were distributed around 75-84 years.
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Figure 11. Histogram of participants among the lower- and higher-risk groups (n =
535)

Table 10 and Table 11 shows the baseline characteristics of the walkers and non-walkers

in the lower- and higher-risk groups. Among the lower-risk group, the walkers showed

significantly better performance in the one-leg balance test with eyes open and alternate

step and a higher prevalence of diabetes than the non-walkers. Among the higher-risk

group, the walkers showed significantly higher weights and BMIs than did the

non-walkers. The lower-risk group showed significantly better values (younger, taller,

lighter in weight, stronger, faster, and longer in maintaining balance) in all variables

except gender, field work, TMIG-IC, frequency of outings, and the prevalence of
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Table 10. Socio-demographics and physical performances of the walkers and

non-walkers, stratified by the higher- and lower-risk groups (n = 535)*

Lower-risk (R < 2)

Higher-risk (R > 2)

(n=336) (n=199)
Variables
Non-walkers Walkers Non-walkers Walkers
(n=247) (n=89) (n=170) (n=29)
Socio-demographics &
Anthropometrics
Age, year 71.1 104 70.8 10.6 76.7 %05 76,6 t1.1 tt
Gender, female 178 (72.1) 54 (60.7) 130 (76.5) 16 (55.2)
Body height, cm 1524 +0.3 153.5 0.5 149.2 04 1497 *10 t
Body weight, kg 53.7 105 55.1 108 53.8 10.6 570 %15 tt
BMI, kg/m’ 23.1 £0.2 233 £03 241 *03 254 +0.7 tt
Scoliosis, yes 11 (4.5) 1 (1.1) 24 (14.1) 4 (13.8) tt
Performance tests
+ One-leg balance with eyes 394 £1.2 445 19 158 +1.2 158 +3.0 tt
open, s
+ Tandem stance, s 285 +0.3 28.7 04 23.6 +0.7 221 +1.7 L
+ Functional reach, cm 28.1 +0.3 28.2 0.5 244 +0.5 250 +1.2 L
- 5-repetition chair stand, s 6.9 0.1 6.6 *0.2 96 0.3 9.6 +0.6 tt
- Alternate step, s 44 0.1 41 0.1 5.7 0.2 58 04 tt
-Timed up & go, s 6.1 0.1 59 0.1 8.6 0.2 8.6 0.6 tt
- 5-m habitual walk, s 3.8 +0.1 3.5 +0.2 50 +0.2 50 +04 L
- Tandem walk, s 11.6 +0.2 110 =03 154 +04 172 11 T

N (%) or adjusted mean * standard error. R = number of risk factors for falling.
T P <0.05, ¥+ P < 0.01 versus lower-risk. * P < 0.05, ** P < 0.01 versus non-walkers.

Analysis of covariance (ANCOVA); continuous variables were adjusted by age and

gender (age was adjusted only by gender). BMI = body mass index. = Less than 5%

missing data. +: Higher values signify better performance, -: Lower values signify better

performance
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Table 11. Lifestyle, psychological factors, functional status, and medical history of the
walkers and non-walkers, stratified by the higher- and lower-risk groups (n = 535)*

Lower-risk (R < 2) Higher-risk (R > 2)
(n=336) (n=199)
Variables
Non-walkers Walkers Non-walkers Walkers
(n=247) (n=89) (n=170) (n=29)
Lifestyle factors
Field work, day/week 42 +0.2 3.9 +04 39 +0.2 2.8 +0.6
House work, day/week 6.0 +0.2 59 +0.3 48 +0.2 2.8 +0.6
Frequency of outings, 64 0.1 6.5 0.2 59 0.1 6.1 +04
day/week
Psychological factors
Fear of falling, yes 76 (30.9) 21 (23.6) 104 (61.2) 16 (55.2)
Self-rated health, good 224 (90.7) 84 (94.4) 120 (70.6) 26 (89.7)
Functional status
+TMIG-IC?, 0-13 109 £0.2 109 0.3 10.8 +0.2 110 +04
Medical history in 1 year
Stroke, yes 3 (1.2) 1 (1.1) 10 (5.9) 4 (13.8)
Hypertension, yes 87 (35.4) 35 (39.3) 86 (50.6) 15 (51.7)
Diabetes, yes 9 (3.7) 12 (13.5) ** 13 (7.7) 3 (10.3)
Heart disease, yes 23 (9.4) 4 (4.5) 27 (15.9) 8 (27.6)
Osteoporosis, yes 15 (6.1) 4 (4.5) 23 (13.5) 3 (10.3)
Glaucoma/cataract, yes 9 (3.7) 6 (6.7) 19 (11.2) 4 (13.8)

N (%) or adjusted mean * standard error. R = number of risk factors for falling.

T P <0.05, ¥+ P < 0.01 versus lower-risk. * P < 0.05, ** P < 0.01 versus non-walkers.
Analysis of covariance (ANCOVA); continuous variables were adjusted by age and
gender. ! Less than 5% missing data, except in the categories of field work (n = 328) and
house work (n = 325). 2 Tokyo Metropolitan Institute of Gerontology Index of

Competence. +: Higher values signify better performance

Figure 12 shows the Kaplan-Meier curve illustrating the incidence of falls among the
walkers and non-walkers in the lower and higher-risk groups. A significant difference in

at least one of the four groups was observed (P < 0.0001).
81



CHAPTER 4 Study 2
Longitudinal study

100% . Logrank test
. P <0.0001
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Without muliple or injurious falls

— = = - Lower-risk non-walkers (n = 247)
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— = = - Higher-risk non-walkers (n = 170)
——— Higher-risk walkers (n = 29)
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Follow up period (year)

Figure 12. Kaplan-Meier curve on the appearance of multiple (> 2) or injurious (= 1)
falls among the walkers and non-walkers in the lower and higher-risk groups (n =
535)

Table 12 shows the HRs (95% Cls) of habitual walking for falls during the follow-up

period, stratified by the lower- and higher-risk groups. In the lower-risk group, no

significant associations between habitual walking and falls were observed (HR: 1.00,

95% CI: 0.53-1.87). In the higher-risk group, a significant positive association between

habitual walking and falls was observed (HR: 1.89, 95% ClI: 1.04-3.43). In model 5,

which was adjusted for all covariates, no associations between habitual walking and

falls were observed in the lower-risk group (HR: 1.00, 95% CI: 0.53-1.89). In the
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higher-risk group, the significant positive association between habitual walking and

falls remained consistent (HR: 2.17, 95% CI: 1.16-4.04).

Table 12. Hazard ratios and 95% Cls of habitual walking for multiple (2 2) or injurious

(2 1) falls during the follow-up period in the lower- and higher-risk groups (n = 535)

Lower-risk (R < 2)

Higher-risk (R > 2)

Non-walkers Walkers Non-walkers Walkers

(n=247) (n=289) (n=170) (n=29)
Model1  1.00 (reference) 1.00 (0.53-1.87) 1.00 (reference) 1.89 (1.04-3.43)
Model 2  1.00 (reference) 0.98 (0.52-1.86) 1.00 (reference) 1.89 (1.04-3.44)
Model 3 1.00 (reference) 0.97 (0.52-1.83) 1.00 (reference) 1.90 (1.04-3.47)
Model 4  1.00 (reference) 0.98 (0.52-1.84) 1.00 (reference) 1.90 (1.03-3.50)
Model 5  1.00 (reference) 1.00 (0.53-1.89) 1.00 (reference) 2.17 (1.16-4.04)

* P<0.05

Model 1: adjusted by gender

Model 2: model 1 adjusted by age

Model 3: model 2 adjusted by depressive symptoms, poor balance, polypharmacy
Model 4: model 3 adjusted by use of assistive device, knee pain, mobility limitation
Model 5: model 4 adjusted by previous fall history

R = number of risk factors for falling. The risk factors are depressive symptoms, poor
balance, polypharmacy, use of an assistive device, knee pain, mobility limitation, and

previous fall history

4.3.5. The analysis of the Interaction

A statistical interaction between habitual walking and higher-risk (R > 2) was observed

in the Cox proportional hazard model adjusted for all covariates (P < 0.05).
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4.4. Discussion

4.4.1. Habitual walking and fall incidence among the higher-risk older

adults

The results of this longitudinal study showed that habitual walking significantly

contributed to an increase of the incidence of falls by two-fold among higher-risk

community-dwelling older adults (HR: 2.17, 95% CI: 1.16-4.04). This result is

consistent with the results of the previous cross-sectional study (Study 1) (Okubo et al.,

2011), which showed that habitual walking among higher-risk community-dwelling

older adults was significantly associated with an increased history of falls (adjusted OR:

4.61, 95% CI: 1.32-16.09). The results were also consistent with the meta-analysis of 44

RCTs of fall prevention programs (Sherrington et al., 2008), which reported that the

inclusion of a walking program significantly increased the fall incidence (fall rate ratio:

1.32,95% CI: 1.11-1.58). In that meta-analysis, 29 (59%) of the 44 RCTs examined

recruited higher-risk populations such as aged care facility residents.

The higher-risk participants in our study scored significantly worse in all of

their physical performance characteristics, such as dynamic and static balance, strength,

gait, and agility, compared with the lower-risk participants. The walking pattern of the

older adults was characterized by decreases in the step length, range of motion in hip
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flexion and extension, dorsiflexion of the ankle, and toe elevation during the swing

phase (Murray et al., 1969). The decrease in toe elevation during the swing phase

increases the risk of stumbling over obstacles (Kaneko et al., 1991). Trips were the most

prevalent cause of falls that occurred while walking (Berg et al., 1997) and accounted

for 48.5% of the total number of falls in this study. Older adults tend to reduce their

level of physical activity as they become afraid of falling (Wijlhuizen et al., 2007), and

the decrease in physical activity (e.g., avoiding hazards) in older adults can generally be

interpreted as a behavioral response to perceived difficulty in controlling balance

(Etman et al., 2012). If higher-risk walkers have a vulnerable walking pattern, they may

have a greater chance of trips and falling. On the other hand, while the majority of falls

(58.3%) occurred during walking (which was not necessarily intended as exercise),

accidental falls that were likely unrelated to the participants’ habitual walking were

included. In this regard, habitual walking by the high-risk older adults might have been

related to other factors such as risk-taking behaviors in their activities of daily living

(Kloseck et al., 2008).

4.4.2. The interaction between habitual walking and higher-risk of falling

The significant interaction between habitual walking and the risk of falling found in this
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study suggested that the effect of habitual walking on falls was modified when

individuals have two or more risk factors for falling. This result suggested that when

individuals have two or more risk factors for falling, caution is warranted when

recommending habitual walking because walking may put these individuals at greater

risk of multiple or injurious falls. Similar modification effects were reported with

habitual walking (Study 1) (Okubo et al., 2011) and high physical activity (Faulkner et

al., 2009; Stevens et al., 1997). In a case-control study (Stevens et al., 1997), high

physical activity (exercise, heavy housecleaning, other hard labor) was associated with a

reduction in the number of fractures occurring in participants with no ADL limitation

(OR: 0.6, 95% CI: 0.5-0.8) but also with more fractures in participants with at least one

ADL limitation (OR: 3.2, 95% CI: 1.1-9.8). A more comprehensive examination to

explore which types of physical activity, including habitual walking, are strongly

associated with falls is needed.

4.4.3. Habitual walking and fall incidence among the lower-risk older

adults

In this longitudinal study, the habitual walking observed among 336 lower-risk

participants was not significantly associated with reduction of falls (HR: 1.00, 95% CI:
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0.53-1.89). This result did not account for the cause-effect relationship of the previous

cross-sectional analysis in the Study 1 (Okubo et al., 2011), in which habitual walking

for at least 30 minutes twice per week for one year was associated with 56% fewer falls

among 585 lower-risk participants, which was a significant reduction (adjusted OR:

0.44, 95% CI: 0.20-0.97). The plausible explanations for the non-significant results are

as follows. First, although the sample size goal based on the previous results in the

Study 1 (Okubo et al., 2011) was fulfilled (goal: 280 person-years; analyzed data: 594

person-years), the statistical power may not be sufficient to detect a smaller difference.

Second, because we did not collect data related to walking intensity, the inclusion of

moderate-to-vigorous intensity walkers and older adults who merely walk for leisure

might have weakened the association. However, in Table 10 (page 80), the lower-risk

walkers presented significantly better performance in one-leg balance (static balance)

and alternate step (stepping agility) than did the lower-risk non-walkers. Walking has

been characterized as a “continuous process of recovery from a loss of balance”

(Murray et al., 1969). Habitual walking may be effective in maintaining balance if it is

continued with sufficient intensity for a long period of time; indeed, Brown and

Holloszy (1993) reported that endurance training consisting of brisk walking, cycling,

and jogging significantly improved one-leg balance at month 15. Because the effects of
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walking on falls have been inconclusive for many years (Gregg et al., 2000), a larger

cohort and an RCT to re-examine the effects of habitual walking on falls in the

non-high-risk population are needed (MVoukelatos et al., 2011).

4.4.4. Strengths and limitations

Strengths of the current study include the longitudinal design to allow examination of

the cause-effect relationship, and the original sub-group analysis with different levels of

risk of falling. The results of the longitudinal association between habitual walking and

future incidence of falls among the higher-risk older adults were robust, because it was

significant even when adjusted for the strong risk factors such as previous fall history.

However, our study has several limitations. First, this study may not be widely

generalizable for the following reasons: (1) the follow-up rate was not high (36.3%),

and the mean follow-up period was relatively short (1.7 years) because the participants

were free to participate in the annual health check-up, and a one-time absence was

sufficient to terminate the follow-up; and (2) the study participants were limited to

relatively healthy community-dwelling older adults who voluntarily participated in the

health check-up. Second, there is the potential for unmeasured confounding variables

that we could not assess, such as total physical activity, cognitive function, and
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risk-taking behavior. Third, although the reliability of a retrospective fall survey in
Japanese community-dwelling older individuals has been confirmed (Haga et al., 1996),

prospective surveillance using a monthly fall calendar will be more reliable.

4.4.5. Conclusion of the Study 2

In conclusion, this longitudinal study showed that the effects of walking on multiple or
injurious falls are modified by the presence of risk factors for falling. When individuals
have two or more risk factors for falling, caution is warranted when recommending
walking because walking increases these individuals’ risk of multiple or injurious falls.
Further research should focus on safer walking programs for higher-risk,
community-dwelling older adults and on the positive effects of habitual walking among

the lower-risk, general community-dwelling older adults.
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CHAPTER 5
STUDY 3:
Effects of walking on physical and psychological fall-related
factors

among general community-dwelling older adults

Related publication
Okubo et al., The effects of walking on physical and psychological fall-related factors in

community-dwelling older adults: A walking versus balance program. J Phys Fitness
Sports Med, 3(5): 515-524, 2014.
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5.1. Background and purpose

Contrary to the negative previous reports regarding the effects of walking on falls

(Sherringtion et al., 2008), the results of the Studies 1 and 2 indicated a beneficial and

non-harmful effect of walking regarding fall prevention among the lower-risk general

community-dwelling older adults.

Primary fall prevention strategies for the general population of

community-dwelling older adults who are not yet at high-risk are potentially important

because, among this population, approximately 20% experience falls each year (Mertz

et al., 2010). This 20% of the older population is likely to transition to a high-risk for

future falls because previous fall experience is consistently found to be one of the

strongest predictors of future falls in various studies (American Geriatrics Society,

2001). Moreover, all older adults have the possibility of developing a high-risk of

falling in the future; we do not need to wait for that to happen to prevent or at least slow

down the development of this risk.

Exercise interventions can be safer and more effective when older adults are

physically fit and cognitively intact (Uemura et al., 2013). Although walking was

reported to be less effective than strength and balance training among high-risk older

adults (Sherrington et al., 2008), greater effects on physical function may be obtained
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among general older adults who can walk with a higher intensity and longer duration.

The question remains whether regular walking is effective in improving lower-extremity

muscle strength or balance or overcoming the fear of falling, and further, whether

walking is comparable to strength and balance training which are the most common

types of exercise for fall prevention (Gillespie et al., 2012). Therefore, the purpose of

the study 3 was to examine the effects of walking on physical and psychological

fall-related factors compared to strength and balance training among general,

community-dwelling older adults.

5.2. Methods

5.2.1. Study design

The study was a 2-armed intervention trial. The current research focused on examining

the short-term effects of walking compared to a strength and balance program over a

12-week intervention.

5.2.2. Settings and participants

The study participants were recruited through the methods described previously (see

2.2.4, in page 34). Of 243 applicants, 105 individuals were allocated to the walking (n =
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60) or balance (n = 45) groups. A total of 90 participants who remained in the study

until the post-intervention assessment (n = 50 in the walking group, n = 40 in the

balance group) were included in the final analysis.

Eligibility criteria

exercise habits

(1) Aged between 65 to 79 years,
(2) Not care-dependent or
support-dependent on a Japanese
long-term care insurance system,
(3) Not restricted from exercising
by a doctor, (4) Without regular

Applicants
(N =243)

Explanatory meeting

Allocation
(N =105)

Excluded (N = 138)

(N =99) High risk of falling (two or more
of the following: use of walking aid,
having knee pain, using four or more
medications, and a history of recurrent
falls/fractures in the previous year)

(N =21) Unable to participate in either of
the two intervention groups

(N = 18) Participated in other clinical trial
during the past year.

Walking group
(N =60)

Dropped out

* Time issue (N = 6)
+ Misfortune (N = 1)
+ Knee pain (N =1)

Balance group
(N =45)

—

—

Dropped out
+ Time issue (N = 3)

| Pre-intervention measurement |

12 week intervention
One session per week
plus home exercise

Walking
(N=52)

Strength and balance
training, Tai Chi
(N=42)

Dropped out
* Knee pain (N = 2)

| Post-intervention measurement

Dropped out
* Knee pain (N =1)
« Transfer issue (N = 1)

\E

!

Walking group
(N =50)

Balance group
(N =40)

Figure 13. Flow chart of the study participants

5.2.3. Intervention

The detail information on intervention programs for the walking and balance groups has

been described previously (see 2.2.6 Intervention programs, in page 35).
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5.2.4. Main outcome measurements

Physical and psychological functional measurements that have been reported to be

fall-related factors (American Geriatrics Society, 2001) and to be associated with

functional dependence (Shinkai et al., 2000) were measured at baseline and after the

12-week intervention. The detail methods of each measurement has been described

previously (see 2.2.7, in page 41)

Gait was assessed using usual and maximal gait speeds, 10-meter walk over

obstacles, and 6-minute walk. Balance was assessed using one-legged stance with eyes

closed, timed up and go test, and functional reach. Strength was assessed using

30-second chair stand test and knee extension force. Fall-related psychological function

was assessed using fall self-efficacy scale for older Japanese (Takenaka et al., 2002).

5.2.5. Secondary outcome measurements

The numbers of falls and trips were recorded at the beginning of each weekly session

throughout the 12-week intervention period. Participants were also asked whether they

suffered any injuries as a result of the fall, such as bruises, lacerations, or fractures. A

trip was defined as “the act of stumbling over an object without landing on any part of
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the body” (Shigematsu et al., 2008).

Daily step counts were measured using a pedometer (see 2.2.7.10, in page 45).

5.2.6. Statistical analysis

All the participants who remained in the study until the post-intervention measurement,

regardless of attendance and exercise participation, were included in all the analyses.

The participants with missing data (two variables, one case each) were included with the

last observation carried forward (LOCF) methods, assuming no change. The unpaired t

test or y-square test was used to examine the statistical significance of between-group

differences at baseline. The paired-t test or Wilcoxon’s signed-rank test was used to

examine the statistical significance of improvements after the 12-week intervention.

Two-way analysis of variance was used to examine the statistical significance of

between-group interactions of the main effects (changes between pre- and

post-intervention). In order to address imbalances between baseline values and gender,

analysis of covariance was also used to examine the between-group difference of the

changes of outcome measurements pre-and post-intervention, adjusted for baseline

values and gender. Negative binomial regression analysis was used to examine the

statistical significance of between-group differences in fall status.
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The data were analyzed using IBM SPSS Statistics software, version 21 (SPSS

Inc., Chicago, IL, USA), with the level of statistical significance set at 5%.

5.3. Results

5.3.1. Characteristics of the participants, attendance, and dropouts

Of the 90 participants who remained in the final analysis (Figure 13, page 93), the

average age was 70.1 £ 3.8 years old, and 62.2% were women. No significant

between-group differences were observed in the participant characteristics (Table 13,

page 97) and outcome measures at baseline, except for the fall self-efficacy scale (Table

15, page 100). The individual attendance rates were 95.0% for the walking group and

94.2% for the balance group. Adherence to the home exercises (an average of 3

days/week or more) was 96.0% for walking group and 95.0% for the balance group. Ten

participants in the walking group (16.6%) and 5 participants in the balance group

(11.1%) dropped out of the study (Figure 13, page 93). No significant differences in age

and gender were observed between the participants who did or did not drop out.
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Table 13. Baseline characteristics of the study participants (n = 90)

Total Walking group Balance group P for
Variables )
(n=90) (n=50) (n=40) difference

Age, year 70.1 +3.8 70.3 +3.9 70.0 +3.7 0.686
Gender, female 62.2 60.0 65.0 0.667
Height, cm 157.4 +7.7 157.6 +7.8 1571 £75 0.750
Weight, kg 56.1 +9.8 56.1 +9.2 56.1 +10.6 0.983
BMI, kg/m? 226 +3.6 22.5 127 22.8 +45 0.737
Body fat, % 24.8 +9.2 24.2 +8.3 25.5 +10.3 0.505
Medication use, n 09 +14 1.1 +1.7 0.7 +1.1 0.505
Hypertension, yes 15.6 20.0 10.0 0.248
Diabetes mellitus,

111 14.0 7.5 0.502
yes
Heat disease, yes 1.1 0.0 2.5 0.444
Hyperlipidemia, yes 8.9 4.0 1.5 0.132
Cataract/glaucoma,

22.2 22.0 22.5 1.000
yes
Lumbar pain, yes 17.8 16.0 20.0 0.782
Knee pain, yes 7.8 6.0 10.0 0.695
Fear of falling, yes 24.4 32.0 15.0 0.085
TMIG-IC, score 124 £1.0 12.4 1.2 12.5 +0.8 0.727

Mean % standard deviation or %. TMIG-IC: Tokyo Metropolitan Institute of Gerontology Index of
competence. P values were calculated using an unpaired t test for the continuous variables or a

X-square test for the categorical variables.

5.3.2. Exercise components during the interventions

The average speed and distance of walking in a session were 93.2 + 7.9 m/s and 3.9 £

0.3 km, respectively (Table 14). The %HRmax values of the walking and balance

groups (tai chi, strength and balance training) were 77.0 £ 9.6% and 55.1 + 8.7% (P <

0.01), respectively.
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Table 14. Exercise components during the 12-week intervention in the walking and
balance groups (n = 90)

) Walking group Balance group
Variables
(n=50) (n=40)
Home exercise
Frequency (days/week) 55 $1.2 58 +1.4
Walking
Duration (min/day) 458 +22.8 NA
Amount (min/week) 262.8 +166.5 NA
Strength training (sets/day) NA 1.7 +£0.8
Supervised exercise
RPE (6-20) 116 +0.9 12.3 +1.0**
HR (b/min) 115.2 +135 82.5 +12.8*%*
%HRmax (%) 77.0 +9.6 55.0 +8.8%*
Walking
Distance (km) 39 +0.3 NA
Duration (min) 414 +2.1 NA
Speed (m/min) 93.2 +79 NA

Mean % standard deviation. NA: not applicable, HR: heart rate, RPE: rating of

perceived exertion. ** P < 0.01 vs the walking group.

5.3.3. Main outcome

Table 15 represents fall-related physical and psychological functions and physical

activity over the 12-week intervention among the walking and balance groups.

Significant improvements in both groups over the 12-week intervention were observed

in usual/maximum gait speed, timed up and go, 10-m walk over obstacles, 6-minute

walk, functional reach, 30-s chair stand test, and isometric knee extension force (Table

15, page 100). However, the knee extension force in the balance group (+4.9 £ 6.1 kg)
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showed significantly greater improvement than that in the walking group (+2.5 £ 4.7
kg) (P for interaction = 0.042). One-legged balance with eyes closed was significantly
improved only in the balance group. The fall self-efficacy scale significantly improved
in the walking group (+3.1 + 8.0 points), but significantly decreased in the balance

group (-2.6 £ 8.0 points) (P for interaction = 0.001).
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Table 15. Fall-related physical and psychological functions and physical activity over the 12-week
intervention among the walking (n = 50) and balance (n = 40) groups.

Variables Group Baseline Post-intervention P for ) Pfor'
difference interaction

Usual gait speed, m/s w 1.37 +0.20 1.54 +0.18 <0.001 0.337
B 140 +0.19 1.54 +0.20 <0.001

Maximum gait speed, s W 2.05 +0.29 2.15 +0.28 0.005 0.803
B 2.05 $0.26 2.17 +0.30 <0.001

Timed up & go, s w 6.3 0.9 5.7 +£0.8 <0.001 0.548
B 6.2 +0.7 5.7 0.8 <0.001

Obstacle avoiding walk, s w 7.8 1.7 7.1 +£1.2 <0.001 0.830
B 76 1.2 7.0 £1.0 <0.001

Six-minute walk, m w 558.3 +57.9 609.7 *61.2 <0.001
B 569.6 +88.1 603.8 +75.4 <0.001 0069

One-leg stance with eyes w 38.8 +21.3 40.1 +21.4 0.569 0.474

opened, s B 389 +21.1 42.8 +18.5 0.207

One-leg stance with eyes w 49 +3.8 6.3 +9.3 0.250 0.092

closed, s B 5.7 +4.38 10.5 +10.4 0.004

Functional reach, cm w 284 +5.0 31.0 +5.0 <0.001 0.674
B 289 +£5.1 312 +44 0.004

Chair stand, n/30s w 212 +4.2 22.8 +45 0.003 0.240
B 20.8 4.7 23.3 £5.0 <0.001

Knee extension force, Nm? W 103.6 *36.1 111.1 +33.6 <0.001
B 91.8 +31.4 105.9 +34.3 <0.001 0042

Fall self-efficacy, point w 54,5 +12.0* 57.6 +11.5 0.008 <0.001
B 60.6 9.0 58.0 +10.6 0.045

Daily step counts, n/day? W  6156.7 +3046.1  9448.6 +3324.6 <0.001 0.001

B 61219 +3284.3 65453 +2798.3 0.167

Mean + standard deviation. * P < 0.05 vs the balance group at baseline. The last observation carried
forward method was applied to ! one missing datum in the balance group 2 and one missing datum in

the walking group.

Figure 14 (page 101) represents the between-group comparisons of the changes of
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outcomes over the 12-week intervention, adjusted for each baseline value and gender.

Significant difference was observed in the fall self-efficacy scale (P < 0.05). No

significant differences were observed in other outcome measures.
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Figure 14. Comparisons of changes in fall-related physical and psychological
functions and physical activity over the 12-week intervention between the walking (n

= 50) and balance (n = 40) groups.
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5.3.4. Secondary outcome
Daily step counts were significantly improved only in the walking group (+3366.4 +
3212.5 steps/day) (P for interaction < 0.001) (Table 15, page 100). A significant
difference was also observed in daily step counts after adjusting for the baseline value
and gender (P < 0.05).

The incidence rates (number of incidences per 100 person-months) of trips
(Walking: 32.0, Balance: 25.8, P = 0.674), falls (Walking: 5.3, Balance: 9.2, P = 0.312),
and injurious falls (Walking: 3.3, Balance: 3.3, P = 0.708) did not differ significantly

between the two groups.

50 -
45 - W Walking group O Balance group
40 A
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20 ~
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. ﬂ
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Trips Falls

P=0.674
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N
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Figure 15. Incidence rates of falls and trips during 12-week intervention period
among the walking (n = 50) and balance (n = 40) groups.

5.4. Discussion
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Walking has previously been reported not to be effective for fall prevention

(Sherrington et al., 2008). However, this study suggested that walking, which is the

most common exercise, was also effective among general community-dwelling older

adults in improving physical fall-related factors (American Geriatrics Society, 2001) —

gait, dynamic balance, and the strength of the lower extremities — compared to the

balance and strength program. Moreover, this was the first study that showed the

particular effectiveness of walking in improving fall self-efficacy, a psychological

fall-related factor.

5.4.1. Main outcome: physical and psychological fall-related factors

5.4.1.1. Gait

As expected, 12 weeks of walking improved usual and maximum gait speeds by 12%

and 4.9%, respectively. Figure 14 indicated that the effects of walking on usual gait

speed were equal to those of the strength and balance training, but were slightly smaller

with regard to maximum gait speed. Buchner et al. (1997a) examined groups engaging

in stationary cycling, walking, aerobic movement, or no exercise (controls), and only

the walking group significantly improved in usual gait speed, by 5%. Because slow

walking speed was a strong risk factor for falling (American Geriatrics Society, 2001), it
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is argued that walking is effective in improving this fall-related physical function.

5.4.1.2. Strength

Nemoto et al. (2007) reported that among middle-aged and older participants aged 63 +

6 years, high-intensity interval walking (40% to 70% of peak aerobic capacity) for 4.5

days/week for 5 months significantly improved isometric knee extension force by 13%.

However, Kubo et al. (2008) reported that a self-selected, comfortable pace of walking

for 40 min, 4 days/week for 6 months, did not improve the isometric knee extension

force. Nemoto et al. (2007) also reported that moderate-intensity walking, 4.5

days/week for 5 months, did not improve the isometric knee extension force. In the

current study, brisk walking, at an average pace of 93.2 m/s and %HRmax of 77.0% for

12 weeks, significantly improved the isometric knee extension force by 7%. Morris and

Hardman (1997) suggested that walking faster than a customary pace and regularly, in

sufficient quantities, in the “training zone” of more than 70% of the maximal heart rate

was required to develop and sustain physical fitness. Rooks et al. (1997) reported that

among community-dwelling older adults aged 65-95, self-paced strength training done 3

days/week for 10 months resulted in a significant 65% increase in knee extension

strength (1RM), but that self-paced walking for 45 min, 3 days/week for 10 months,

resulted in a non-significant decrease. In the current study, although, the difference did
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not reach statistical significance in the gender- and baseline-adjusted model, the effects

of strength training (+16%) on the isometric knee extension force were greater than

those from walking (+7%). Moreover, a learning effect of repeated measurements

should be carefully taken into account in the values. Therefore, the short-term effect of

brisk walking on isometric or maximal knee extension force among the general

community-dwelling older adults may exist but its magnitude may be small compared

to the strength training.

On the other hand, the effect of walking on dynamic strength of the lower

extremities (30-s chair stand test) was similar to that of the balance and strength

program. Dynamic strength, which is more closely related to movements in daily

activities, may be related to fall prevention because most falls occur during dynamic

activities such as walking, turning, and reaching (Judge et al., 1996).

5.4.1.3. Balance

Walking was equally effective for improving dynamic balance (functional reach and

timed up and go tests) as the strength and balance program, but not as effective for static

balance (one-legged balance with eyes closed). Paillard et al. (2004) also reported that

brisk walking, done 5 days/week for 12 weeks, significantly improved dynamic balance

(body sway on unstable platform), but not static balance (body sway on stable ground).
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Walking has been characterized as a “continuous process of recovery from a loss of

balance” (Murray et al., 1969) and thus as a factor contributing to the maintenance of

dynamic balance. Walking might be effective for static balance if continued for a longer

period of time; Brown and Holloszy (1993) reported that endurance training consisting

of brisk walking, cycling, and jogging for one year significantly improved one-leg

balance at month 15, but not at month 3. With regard to the comparison with the

strength and balance program, although the difference of the gender- and

baseline-adjusted change in one leg stance with eyes closed was not significant (P =

0.071), a significant difference would likely be observed with a greater sample size.

Rooks et al. (1997) reported that self-paced walking significantly improved one-leg

balance at month 10, but that a greater improvement was achieved by strength training.

On the other hand, Rooks et al. (1997) also reported that tandem walking, as an

indicator of dynamic balance, was significantly improved in the walking group but not

in the strength training group. Future research should examine which of the static and

dynamic balance improvements are more closely related to the prevention of falls.

5.4.1.4. Fall self-efficacy

Fall self-efficacy, or the confidence of an individual in his ability to perform daily

activities without falling (Tinetti et al., 1990), is important in maintaining an active
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lifestyle and physical function, as activity restriction due to loss of confidence or fear of

falling can lead to future functional decline and a consequent increased risk of falling

(Deshpande et al., 2008). In the current study, fall self-efficacy was significantly

increased only in the walking group and significantly decreased in the balance group.

Yoo et al. (2010) reported that among women of average age 70.9 =+ 2.7 years old

walking with ankle weights, 3 days/week for 12 weeks, resulted in a significantly

decreased fear of falling. The Study 1 (Okubo et al. 2011) also revealed that high-risk

walkers aged 78.5 = 2.7 years old had a significantly lower fear of falling (44.4%)

than high-risk non-walkers (73.3%). Although the mechanism of how the fall

self-efficacy is increased by walking remains uncertain, a possible explanation is that

the walking group experienced a greater chance of falling, along with the 56% increased

daily step counts, than the balance group, without actually falling at a greater rate. This

experience of avoiding falling in an outside environment in the walking group might

have increased the fall self-efficacy of the participants. While the walking group spent

most of their exercise time outside, all of the strength and balance training was

conducted inside of a building. While this way of improving fall self-efficacy requires

increased caution for high-risk older adults due to increased environmental hazards, it is

clearly desirable for general community-dwelling older adults to maintain a high level

107



CHAPTER 5 Study 3
Intervention study

of physical activity.

5.4.2. Secondary outcomes: fall status and physical activity during the

intervention period

5.4.2.1. Fall status & physical activity

The recent meta-analysis by Sherrington et al. (2011) re-examined the effects of

walking on falls and suggested that walking can be included in fall prevention programs,

if the participants are not at high risk for falling. The results of the Study 3 partially

supported this recommendation, because increased physical activity among general

community-dwelling walkers did not result in a greater fall incidence over the 12-week

intervention. The results were also consistent with the cross-sectional analysis in the

Study 1 (Okubo et al., 2011), which showed that among general community-dwelling

older adults, habitual walking for 48.1 + 20.3 min, 5.3 £ 2.0 days/week for 7.6 £ 6.5

years, was significantly correlated with a history of fewer falls over the previous year.

The participants in the current study improved obstacle avoidance, dynamic balance,

and lower-extremity muscle strength, as well as succeeded in preventing falls and trips.

The fall prevention lectures about fall-prone situations, walking patterns, and the

importance of paying proper attention might have played a role in the improvements
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observed in the walking group, as these participants encountered greater exposure to

environmental hazards. We clarified to the participants that although slow gait speed

and a short stride were key characteristics of fall-prone older people (Luukinen et al.,

1995b), a fast walking speed and wide stride rendered participants vulnerable to falling

after trips (Pavol et al., 2001) and to slipping (Espy et al., 2010), respectively. In

contrast to the walking group, almost no increase in physical activity was observed

among the balance group. This may have contributed to the previous success of

reducing falls by balance training without a walking component (Sherrington et al.,

2011). However, if the final goal of fall prevention is to allow older populations to

safely and freely walk and maintain a good quality of life, an intervention that maintains

or improves physical and psychological factors to the extent that older adults can sustain

exposure to increased environmental hazards is required.

5.4.3. Strengths and limitations

The high feasibility of this protocol as a health promotion program in communities is a

strength of the current study; the dropout rate was low (14.3%) and the attendance rate

was high (94%).

In contrast, there were several limitations in the current study. First, the
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generalizability of the study may not be high because the participants were limited to an
age range of 65 to 79 years old. Certainly, there are populations older than 80 years of
age that would benefit from regularly walking outside. Second, the sample size (n = 90)
may be insufficient to detect between-group differences for some outcome variables
(effect size < 0.3). The between-group difference in changes for one-leg stance with
eyes closed and knee extension force might be better detected with a bigger sample size
(effect size: 0.15-2.0, o error: 0.05, B error: 0.8, sample size: 200-380). The
non-significant differences in falls and trips between the groups might also have been
due to an insufficient sample size and the short follow-up duration. Third, the reliability
of measurements was excellent (except for one-leg balance with eyes closed) (see 2.2.7,
in page 41), a learning effect of repeated measurements could not be ruled out in the

study design a without a non-exercise control group.

5.4.4. Conclusion of the Study 3

In conclusion, the results of the current study suggest that walking has specific effects in
improving psychological fall-related factors, as well as similar effects as the balance
and strength training program in improving fall-related physical factors such as gait,

dynamic balance, and the dynamic strength of the lower extremities, without increased
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falls over the 12-week intervention. Therefore, walking is suggested to be a useful type

of exercise to maintain the physical and psychological fall-related factors among

general community-dwelling older adults.
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6.1. Purpose

Although the study 3 indicated the positive physical and psychological effects along

with the walking intervention, the previous studies reported that increased physical

activity led to increased exposure to environmental hazards, and consequent high

incidence of falling (Ebrahim et al., 1997; Sherrington et al., 2008). The problematic

nature of a walking intervention aiming at fall prevention is that along with the

improvements in physical and psychological functions, it is also accompanied by an

increased exposure to environmental hazards (e.g., a greater chance of trips while

walking). Wijlhuizen et al. (2010) developed the FAlls risk by Exposure (FARE), in

which 1000 physically active person-days and the number of fallers over ten months are

computed to evaluate the risk of falling. FARE was able to reveal the high relative risk

of falls among participants with balance control difficulties, which could not be

observed with a normal fall risk indicator by 1000 person-years. To the best of our

knowledge, no previous intervention studies have evaluated the effects of walking on

falls while also accounting for exposure (the numbers of physically active days and step

counts). Therefore, the purpose of this Study 4 was to examine the effects of walking on

falls and evaluate these effects by both time period and exposure among the general

community-dwelling older adults.

113



CHAPTER 6 Study 4
Follow-up study

6.2. Methods

6.2.1. Design and participants

This study was an extension of the previously reported 3-month controlled trial in the

Study 3 (Okubo et al., 2014a) with an additional 13-month follow-up survey (clinical

trials registry: UMIN000012058). The flow of the participants was shown in Figure 16

(page 115). The 90 participants who completed the Study 3 (n = 50 in the walking group

and n = 40 in the balance group) were included in the fall analyses. A total of 75

participants who attended the follow-up assessment (n = 42 in the walking group and n

= 33 in the balance group) were included in the analysis of secondary outcomes.
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Eligibility criteria
(1) Aged between 65 to 79 years,

exercising

habits

(2) Not care-dependent or support-
dependent on a Japanese long-term care
insurance system, (3) Not restricted from

by a doctor, (4) Without regular exercise

Applicants
(n=243)

Excluded (n = 138)

the past year.

Allocation
(n=105)

(n =99) High risk of falling (two or more of the
following: use of walking aid, having knee pain,
using four or more medications, and a history of
recurrent falls/fractures in the previous year)
(n=21) Unable to participate in either of the two
intervention groups

(n =18) Participated in other clinical trial during

/\

Dropped out

* Time issue (n = 6)
+ Misfortune (n=1)
* Knee pain (n=1)

Walking group
(n=60)

Balance group

(n=45)

Dropped out
+ Time issue (n = 3)

Pre-intervention measurement |

Dropped out

* Knee pain (n=2)

3-month intervention
One session per week
plus home exercise

Dropped out
+ Knee pain (n=1)
* Transfer issue (n = 1)

Post-intervention measurement |

Walking group
(n=50)

Dropped out
* Knee pain (n=1)
* No response (n=1)

Absence (n = 6)

Balance group

(n=40)

Included in fall analyses

13-month follow-up
Home exercise

Dropped out

* No response (n=1)

+ Asthma attack (n = 1)
+ Spinal stenosis (n = 1)

|

Follow-up measurement

>

Walking group
(n=42)

Absence (n = 4)

v

Balance group

(n=33)

Included in analyses of secondary outcomes

Figure 16. Flow chart of the study participants

6.2.2. Measurements

6.2.2.1. Main outcomes: Falls and trips

In order to collect reliable and valid data during the follow-up period (Lamb et al.,

2005) , the participants were asked to record numbers of falls and trips each day in a fall
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and exercise calendar, and send it to the university at the end of each month. Telephone

calls were made to chase missing data and to ascertain further details of falls as required.

The definitions of a fall (see 1.5.3, page 19) and trip (see 5.4.2.1, page 108) have been

described previously.

6.2.2.2. Time and exposure variables

The number of months for which the participants were followed-up was used in the

analysis. At the end of the intervention, the number of physically active days was

ascertained by a question: “How many days in a month have you been physically active

- walking for at least 30 minutes? (Wijlhuizen et al., 2010)” Daily step counts were also

measured with accelerometers (Life-coder PLUS, Suzuken Inc., Japan), which were

used by the participants for one week.

6.2.2.3. Secondary outcomes

As fall-related physical and psychological functions (American Geriatrics Society,

2001), we chose to assess gait, balance, fall-efficacy, and physical activity at baseline,

immediately after the 3-month intervention, and at the 1-year follow-up. Gait was

assessed with an obstacle avoidance walk and a 6-minute walk. Balance was assessed

with a one-legged stance with the eyes closed. Fall self-efficacy was assessed with the
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fall self-efficacy scale for older Japanese. Physical activity was assessed as daily step

counts (see 2.2.7, in page 41).

6.2.3. Statistical analyses

The baseline characteristics of the walking and balance groups were compared with an

unpaired t-test and y-square test. A Poisson regression analysis was used to calculate the

adjusted rate ratio (RR) and 95% Cls with the number of falls or trips as dependent

variables, the gender and baseline fall history (yes/no) as covariates, and the groups as

independent variables. The offset variables included the time period (followed months),

physically active days (followed months*physically active days/10), or steps (followed

months*daily steps/100,000). Within-group changes and between-group interactions of

the secondary outcome measurements between both groups at baseline, post

intervention, and follow-up were examined by a two-way analysis of variance

(ANOVA) with the Bonferroni correction. These analyses were conducted using IBM

SPSS Statistics software, version 21 (SPSS Inc., Chicago, IL, USA), and the level of

significance was set at 5%.

6.3. Results

Of the 90 participants who remained in the fall analyses (Figure 16, page 115), the
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average age was 70.1 = 3.8 years old. No significant between-group differences were

observed in the participant characteristics at baseline (Table 16). During the 16-month

study period, an average of 1.4 £ 0.5 sets/day were performed for 4.6 + 2.0 days/week

in the balance group, and an average of 45.2 + 24.5 minutes/day of walking for 4.3 £ 1.7

days/week (231.4 = 179.3 minutes/week) were performed in the walking group.
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Table 16. Baseline characteristics of the study participants (n = 90)

Walking group  Balance group

Variables P-value
(n=150) (n=40)
Age, year 70.3 3.9 70.0 £3.7 0.686
Gender, female 60.0 65.0 0.667
Body height, cm 1576 £7.8 157.1 £7.5 0.750
Body weight, kg 56.1 +9.2 56.1 +10.6 0.983
Medication use, n 1.1 +1.7 0.7 +11 0.505
Cataract/glaucoma, yes 22.0 22.5 1.000
Lumbar pain, yes 16.0 20.0 0.782
Knee pain, yes 6.0 10.0 0.695
Fear of falling, yes 32.0 15.0 0.085

Fall history in a past year,
18.0 30.0 0.215
yes

Mean * standard deviation or prevalence (%)

During the follow-up period, which had an average * standard deviation (SD)

of 15.5 + 2.2 (range: 5-16) months (in a total of 116 person-years), 53 falls were

observed in both groups (0.46 falls per person-year).

Table 17 presents the circumstances of falls during the study period among the

walking and balance groups. The falls in the walking group (68.2%) were significantly

more likely to be occurred while walking than the balance group (37.9%). No

significant differences were observed among the two groups. The major causes of falls

among the walking and balance groups were trip (68.2% and 48.3%) and slip (22.7%

and 20.7%). The major injury suffered by fallers in the walking and balance groups was
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abrasion (40.9% and 37.9%). Two fallers in the balance groups suffered fracture in front

tooth or ankle.

Table 17. Circumstances of falls among the walking and balance groups (n = 53)

) Walking group Balance group
Variables 1 P-value
(23 falls) (29 falls)
Actions when falls occurred
Walking 68.2 (15)* 37.9 (11) 0.032
Running 0 (0) 3.4 (1) 0.569
Using stairs 9.1 (2) 17.2 (5) 0.341
Getting up/down 45 (1) 17.2 (5) 0.171
Standing/reaching 9.1 (2) 10.3 (3) 0.632
Playing sports 45 (1) 3.4 (1) 0.682
Other tasks 45 (1) 13.8 (4) 0.273
Causes of falls
Trip 68.2 (15) 48.3 (17) 0.484
Slip 22.7 (5) 20.7 (6) 0.563
Dizziness 0.0 (0) 0.0 (0) -
Miss one's footing on
) 4.5 (1) 10.3 (3) 0.417
something
Clash 45 (1) 3.4 (1) 0.682
Staggering 0 (0) 6.9 (2) 0.318
Suffered injuries
Nothing 273 (6) 48.3 (14) 0.128
Abrasion 40.9 (9) 37.9 (11) 0.829
Hip fracture 0 (0) 0 (0) -
Other fracture 0 (0) 6.9 (2) 0.318
Incised wound 27.3 (6) 6.9 (2) 0.056
Sprain 0 (0) 6.9 (2) 0.318
Other injuries 45 (1) 34 (1) 0.682

Percent (n).* Two falls in the walking group were missed

120



CHAPTER 6 Study 4
Follow-up study

6.3.1. Main outcomes

The adjusted RRs (95% Cls) of falls per physically active person-day (0.38, 0.19-0.77)

and falls per person-step (0.47, 0.26-0.85) among the walking group were significantly

lower than those of the balance group (Figure 17, page 122). In contrast, the adjusted

RRs (95% Cls) of trips per person-year (1.66, 1.34-2.05) and trips per physically active

person-day (1.50, 1.12-2.00) of the walking group were significantly higher than those

of the balance group. No other significant adjusted RRs were observed.
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Figure 17. Rate ratios and 95% Cls for falls and trips by period or exposures among
the walking (n = 50) and balance (n = 40) groups

RR and 95% Cls were adjusted for gender and baseline fall history.

6.3.2. Secondary outcomes

Post intervention, both groups demonstrated significant improvements in the obstacle

avoidance walk and six-minute walk (Figure 18, page 124). At the follow-up, both

groups maintained the improvements in the six-minute walk. However, significant

between-group interactions in the six-minute walk test, fall efficacy, and daily step

counts indicated that the walking group exhibited greater improvements than the
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balance group (P for interaction < 0.05). The obstacle-avoiding walk showed that the
balance group improved more than the walking group, but this difference was not
significant (P for interaction = 0.054). The one-leg stance with eyes closed significantly
improved post intervention, only in the balance group, but significantly decreased at the
follow-up. No significant between-group interaction was observed in the one-leg stance

with eyes closed.
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Figure 18. Changes of physical and psychological fall-related function and physical
activity at pre- and post-intervention and follow-up among the walking (n = 42) and
balance (n = 33) groups.

Circle: mean, error bar: standard deviation, * P <0.05 vs pre, t P < 0.05 vs post, ¥ P <
0.05 vs the walking group at pre, ' B (n = 36) and W (n = 45). 2B (n = 35) and W (n = 47)
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6.4. Discussion

To the best of our knowledge, this is the first study to demonstrate the beneficial effects

of walking on fall prevention evaluated with exposure among community-dwelling,

older adults. Despite the increase of trips with walking, the significant fall reduction

effect of walking was observed when the fall risk was evaluated as falls per

person-physically active day and falls per person-step.

6.4.1. Comparison with previous reports

The discrepancy between the positive finding of this study and the negative findings of

the previous studies (Sherrington et al., 2008) could be partly explained by a couple of

reasons. First, the systematic review with a meta-analysis indicated that walking had

adverse effects on the number of falls (ratio of rate ratio: 1.32, 95% CI: 1.11-1.58)

(Sherrington et al., 2008). However, the majority of the analyzed studies recruited

high-risk participants such as frail nursing home residents (Mulrow et al., 1994),

patients with Parkinson’s disease (Protas et al., 2005), osteoporosis (Madureira et al.,

2007), stroke (Green et al., 2002), or those with a recent history of fractures (Ebrahim et

al., 1997). In the Study 1, the harmful association between walking and fall history was

observed only among high-risk participants (adjusted OR: 4.61, 95% CI. 1.32-16.09),

125



CHAPTER 6 Study 4
Follow-up study

and a beneficial relationship between walking and a lower fall history was observed

among low-risk participants (adjusted OR: 0.44, 95% CI: 0.20-0.97). A similar

modifying effect of frailty or having a high risk of falling on the association between

walking and falls have been reported in longitudinal analysis of the Study 2 (Okubo et

al., 2014b) and an intervention trial (Faber et al.,, 2006). Second, the 165

community-dwelling women aged 66.4 + 7.8 years with recent histories of upper limb

fractures included in the RCT by Ebrahim et al. (1997) were probably the closest to our

study participants in terms of age and living conditions. Those participants were

encouraged to gradually work up to walking for 40 minutes three times a week without

supervision at a self-selected pace that was faster than their normal walking speed. In

contrast, in our study, the walking exercise performed by the participants was

supervised once a week for the first three months, and then the participants were

encouraged to continue their walking for the 13-month follow-up. Moreover, the health

lectures regarding fall-prone situations, walking patterns, and the importance of paying

proper attention might also have played a role. We warned the participants that although

a fast walking speed and wide stride were important in improving their physical

function, those walking patterns made them vulnerable to falling after trips (Pavol et al.,

2001) and to slipping (Espy et al., 2010), respectively.
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The results of the current study were consistent with other studies conducted

among relatively healthy community-dwelling older adults. Freiberger et al. (2007)

conducted a valuable RCT which targeted preventing falls among physically active

community-dwelling older people. An intervention group which received strength,

balance, motor coordination, and endurance (normal walking and Nordic walking)

exercises demonstrated significant 23% reduction of falls compared to a control group

(RR: 0.77, 95% CI: 0.60-0.97). However, another intervention group which received

strength, balance, and motor coordination exercises without endurance exercise showed

no fall reduction compared to the control group (RR: 1.00, 95% CI: 0.75-1.34).

Freiberger et al. (2007) left no clue for the mechanisms of the fall reduction effect

because equal improvements in gait and lower-extremity strength were observed among

the two intervention groups. Voukelatos et al. (2015) recently reported the results of an

RCT of habitual walking (distribution of pedometers and pamphlets regarding habitual

walking) among community-dwelling older adults. Comparing to the control group, the

walking group demonstrated no significant reduction of multiple falls (RR: 1.01, 95%

Cl: 0.61-1.67). However, in the subgroup analyses among participants aged 65-74 years

and 75+ years, non-significant 31% reduction of multiple falls (RR: 0.69, 95 CI:

0.36-1.34) and non-significant 82% increase of multiple falls (RR: 1.82, 95% CI:
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0.79-4.23) were observed, respectively.

With regards to the balance group, the balance and strength program provided

was similar to the programs reported to be effective in reducing falls among older adults

who were frail and high risk of falling (Gardner et al., 2001). Despite of these previous

reports and significant improvements in the lower-extremity performance (Study 3), no

fall reduction was observed among the balance group. The muscle strengthening

training using body weight (without using ankle weights or machines) may have been

insufficient for the healthy, general community-dwelling older participants. Clemson et

al. (2004), conducted a fall prevention RCT with balance and strength training, and

reported that significant fall reduction effects were observed only among participants

aged 75+ years (RR: 0.62, 95% CI: 0.43-0.89) but not among participants aged younger

than 75 years (RR: 0.96, 95% CI: 0.50-1.85).

6.4.2. Evaluating falls with exposure

In the current study, the significant fall prevention effect of walking would not have

been detected if the data had not been analyzed according to exposures. The significant

reduction of fall risk by exposure indicates that the older adults were more physically

active and walked more steps without falling. Wijlhuizen et al. (2007) reported that
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some older adults are afraid of falling and prevented falls by reducing their physical

activity. However, a reduction in physical activity might lead to a faster functional

decline and greater susceptibility to falling in the future. Additionally, Vetter et al.

(1992) reported a non-significant increase in the number of falls by encouraging

physical exercise and a positive outlook about their better mobility, quality of life, and

even mortality. A fall prevention program should allow older populations to safely and

freely walk to maintain a good quality of life.

6.4.3. Mechanisms of the fall prevention effect

Although the mechanisms by which walking led to the reduction of fall risk compared

with the balance exercises are not fully understood, some possible explanations exist.

First, the six-minute walk, which tests gait or endurance, of the walking group

significantly improved to a greater extent than the balance group. Mertz et al. (2010),

studied 10,615 participants aged 20-87 years and reported that low endurance levels

were associated with a history of walking-related falls after adjusting for age. The

higher endurance capacity among the walking group may have contributed to

preventing falls because fatigue is detrimental to postural control (Adlerton et al., 2003)

and a fall may occur when an individual is fatigued.
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Second, the walking group in our study experienced significantly more trips than

the balance group did. Bhatt et al. (2012) reported an interesting laboratory experiment

that showed an “inoculating effect” of a deliberate slipping experience against falling.

Bhatt et al. (2012) showed that community-dwelling older adults who were exposed to

frequent slipping trials (a three-month interval) were significantly better at controlling

their stability in the slipping test than those who received less frequent exposures (a

six-month interval). Pavol et al. (2001) reported that the quick initiation of a recovery

step after a trip is important to avoid falling. Rogers et al. (2003) reported that training

with “involuntary stepping” induced by pulling the waist was more effective in

improving step initiation timing than voluntary step training. Grabiner et al. (2008)

stressed the importance of task-specific training to avoid or to recover from tripping,

and many studies have attempted to train older adults in situations similar to real-life

tripping (Shigematsu and Okura, 2006; Shimada et al., 2004).

The increased trips experienced among the walking group may have served as

the “involuntary” stepping and ‘real-life” recovery training to inoculate

community-dwelling older adults against sudden and unpredictable chances of falling.

6.4.4. Strengths and Limitations
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Strengths of the current study include prospective fall survey using monthly fall

calendars, original evaluation of fall incidence accounting for the increased physical

activity level, and adaption of Poisson regression analysis which could evaluate the

number of falls in each participant (which could not be done by common methods such

as logistic regression or Cox proportional hazard model). The simple walking program

Is also strength because it can be applied in wide range of health promotion programs.

However, the results of the current study need to be interpreted with caution

because of the following limitations. First, no blinding was applied. Second, there was a

risk of overestimation because an intention-to-treat analysis was not available. Third,

we could not study a non-exercise group due to ethical reasons. Fourth, the reliability of

the trip data was not high. Fifth, because the exposure variables (physically active days

and steps) were measured post intervention, they did not reflect the change during the

follow-up period. To be more precise, the exposure variables should be continuously

measured throughout the follow-up period. A larger, high-quality randomized controlled

trial is warranted to re-examine the results of this study and explore the mechanisms.

6.4.5. Conclusion of the Study 4

In conclusion, the results of the current study suggest that walking among

community-dwelling older adults can be more effective for fall prevention than balance

131



CHAPTER 6 Study 4
Follow-up study

training. However, because walking did induce greater trips, walking may not be

conducted with such safety and effectiveness among older adults who are susceptible to

falling or frailty.
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133



CHAPTER 7
Comprehensive discussion

7.1. Major findings

The major findings obtained in this doctoral thesis are as follows:

1) Habitual walking may increase the incidence of falling. However, this adverse effect

of habitual walking on falls may be true only among older adults who are very frail

or susceptible to falling.

2) Habitual walking is effective in maintaining the physical and psychological factors

known to be associated with falling, such as dynamic balance, lower-extremity

strength, gait, endurance, and fall self-efficacy, among general community-dwelling

older adults without particular risk of falling. However, the greater effects on

lower-extremity strength and balance can be obtained by traditional strength and

balance training with greater safety.

3) Habitual walking can be more effective than traditional strength and balance training

on fall prevention among general community-dwelling older adults without particular

risk of falling.

7.2. Significance of the findings

There has been inconsistency regarding the association between walking and falls

among the previous studies (Gregg et al., 2000; Sherrington et al., 2008). The results of
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the doctoral thesis explain that the reason for the inconsistency was mainly due to the

different levels of risk of falling among the study participants. Beneficial effects or

association of habitual waking (including physical activity) on falls were obtained

among the lower-risk, general older population (Heesch et al., 2008; Mertz et al., 2010).

In contrast, harmful effects or association were obtained among the higher-risk, frail

older population (Sherrington et al., 2008).

In the previous cohort studies which examined the habitual walking as a

potential fall risk factor (Ribom et al., 2009; Sorock and Labiner, 1992; Tromp et al.,

2001), no statistically significant association was observed. Figure 8 (page 55) in the

Study 1 partially explains the reason for the ambiguous results by the previous studies,

namely a contamination of beneficial and harmful associations among the lower- and

higher-risk participants, may be the cause of the non-significant association.

Otaka et al. (2003), in their review of fall prevention interventions, reported

that the characteristics of the participants and fall prevention programs had to be well

matched, for an effective fall prevention. This doctoral thesis shows that walking is an

effective fall prevention exercise among general community-dwelling older adults,

which is the main target population of community-wide fall prevention program.

Although the importance of selecting the proper population for a certain type of fall
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prevention program has been described by several researchers (Rose and Hernandez,
2010), to the best of my knowledge, this doctoral thesis was the first to challenge the

selection of proper participants in a systematic manner.

Risk assessment & modification >

Treatment of the disease >

Home risk assessment & modification

High-risk
Older adults

Medication review, balance & strength training

x Walking (Studies 1 and 2)

Home visit/individual exercise prescription General
Tai Chi, strength training Community-dwelling

o Walking (Studies 1, 3, and 4) Older adults

Figure 19. Characteristics of participants and corresponding intervention programs
shown to be effective in fall prevention

Otaka et al., 2003. The Effectiveness of Fall Prevention Programs: A Review: 2.
Fall-related Issues and Future Perspectives of Fall Related Research (article in Japanese).
The Japanese Journal of Rehabilitation Medicine 40: 389-97. Figure was modified.

7.3. An important question to be answered: Contribution of muscle
strength in fall prevention by habitual walking

Muscle strength, the ability of muscle to generate adequate force is a fundamental
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component of maintaining balance (Wolfson et al., 1995). Although, a significant

improvement in muscle strength was observed in the Study 3, the magnitude may be

smaller than that obtained by the strength and balance program. The small improvement

in muscle strength among the walking group was not adequate to explain the

mechanism of the beneficial fall prevention effects of walking which was observed in

the Study 4. Therefore, previous literatures which examined the contribution of muscle

strength/weakness on fall prevention/occurrence were briefly reviewed below.

7.3.1. Muscle weakness and falls

Rubenstein et al. (1994), summarized results of four case-control studies, and

reported that muscle weakness was related to fall history (mean RR/OR: 6.2, range:

4.9-8.4). Rubenstein and Josephson (2002), reviewed results of 16 prospective cohort

and case-control studies, and reported that muscle weakness (detected by either

functional performance tests or manual muscle examination) was the strongest risk

factor (mean RR/OR: 4.4, range: 1.5-10.3) for falls among community-dwelling and

institutionalized older adults. More specifically, Moreland et al. (2004) conducted a

systematic review and meta-analysis of 13 prospective studies to examine the

association between muscle weakness and falls among community-dwelling and

institutionalized older adults, and reported that upper- and lower-extremity muscle
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weakness was significantly associated with future falls. It was highly likely that the

upper-extremity muscle weakness was simply a marker for other fall risk factors

including lower-extremity muscle weakness. Moreland et al. (2004) also discussed that

lower-extremity muscle weakness may also be the marker of other risk factors because

most studies included in the meta-analysis only reported results of univariate analysis

(Luukinen et al., 1995a, b; Northridge et al., 1996; Thapa et al., 1995; Tinetti et al.,

1986) or simple multivariable analysis without previous fall history as a covariate

(Davis et al., 1999; Nevitt et al., 1989).

Although, it is common to use some combination of resistance, balance,

endurance, and flexibility exercises, three RCTs, in the Frailty and Injuries: Cooperative

Studies of Intervention Techniques (FICSIT) studies (Province et al., 1995), examined

the effects of isolated resistance strength training on prevention of falls. In Boston

FICSIT trial (Fiatarone et al., 1993), providing nursing home residents aged 70+ years,

high resistance training using resistance of 80% 1RM (repetition maximum), 3 days for

10 weeks, reported no effects on fall incidence (adjusted incidence ratio (IR): 0.95: 95%

Cl: 0.64-1.41). In Farmington FICSIT trial (Wolfson et al., 1993), providing

community-dwelling older adults strength training using ankle weights, 3 days for 13

weeks, reported non-significant reduction of fall incidence (adjusted IR: 0.64, 95% CI:
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0.34-1.09). In Seattle FICSIT trial (Buchner et al, 1993), providing

community-dwelling older adults resistance training using increasing resistance of 50%

to 80% 1RM, reported no effects on fall incidence (adjusted IR: 0.91, 95% CI:

0.48-1.74). Moreover, the systematic review and meta-analysis by Sherrington et al.

(2008) which explored effective components of fall prevention programs, reported that

strength training (moderate- or high-intensity) was not effective in reducing falls (RR:

1.19, 95% CI: 0.96-1.46).

7.3.2. Ceiling effect of muscle strength on gait

There are reports suggesting the contribution of muscle strength on walking

ability or avoid falling has a “ceiling effect”. Buchner et al. (Buchner et al., 1996),

studied among 409 older adults aged 60-96 years, and reported that the association

between muscle strength and gait speed was non-linear (Figure 20). Although

significant linear relationship between walking speed and leg strength was observed

among participants with leg strength score of < 275 Nm, among those with leg strength

score of > 275 Nm, significant linear regression was no longer observed (the slop of the

regression is almost zero). The non-linear relationship represents a mechanism by which

small changes in physiological capacity may produce relatively large effects on

performance in frail older adults, while large changes in capacity have little or no effect
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on daily function in healthy older adults (Buchner et al., 1996). It was also reported that
improvement in muscle strength by resistance training was accompanied by increased
walking speed among frail older adults (Fiatarone et al., 1994) but not accompanied by

increased walking speed among healthier older adults (Buchner et al., 1997b).
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Figure 20. Non-linear regression curve with leg strength score and usual gait speed (n
= 409)

Buchner DM, Larson EB, Wagner EH, Koepsell TD, de Lateur BJ. Evidence for a
non-linear relationship between leg strength and gait speed. Age Ageing 25 (5):
386-391, 1996.

7.3.3. Different contribution of intrinsic and extrinsic risk factors
Muscle weakness, as well as balance deficit, visual deficit, and dizziness, are
classified as intrinsic risk factors for falls. The contribution of intrinsic risk factors

becomes greater among frail institutionalized older adults than among healthier
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community-dwelling older adults (Nickens, 1985). The contribution of the intrinsic risk

factors was 80% among the institutionalized and 39-53% among community-dwelling

older adults (Lach et al., 1991; Rubenstein et al., 1994). In 2013, Rovinobitch et al.

(2013) used innovative approach to uncover real life falls using more than 200 digital

video cameras to record fall incidence in long-term care institutions. A major finding

was that most falls occurred with no extrinsic cause (e.g., trips or slips), but simply by

incorrect weight shifting. These falls were considered to be attributable to extreme loss

of muscle function. Yamada et al. (2011), examining the fall risk factors among older

adults stratified by physical functional levels, and reported that among those with poor

physical function, lower-extremity muscle weakness (five-chair stand) was strongly

related to falls. In contrast, among those with good physical function, dual-task ability

was strongly related to falls. The dual-task ability is considered to be important in

dividing attention to multiple tasks in complicated environment and recognize sudden

extrinsic risk factors. In the Study 4, the majority (69%) of falls were caused by

extrinsic risk factors (trips and slips) (Lach et al., 1991), and proper attention and

avoidance of the extrinsic risk factors were more important over intrinsic factors than

muscle strength among the heathier older population.

In summary, the contribution of muscle strength on fall incidence among the study
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participants of the Studies 3 and 4 was limited because (1) muscle weakness may not be

an independent risk factor for falls (though it affects falls in multifactorial manner with

balance and gait), (2) the general (lower-risk or healthier) community-dwelling older

adults may already have sufficient muscle strength to maintain balance, (3) most of the

falls were caused by extrinsic factors (trips and slips in accidental situation). In contrast,

plausible hypothetical mechanisms of the fall prevention effects of walking were that

the 56% increased daily steps and frequent experience of trips (mostly successful

avoiding falls) served as involuntary stepping training to avoid accidental falls, and

reduction of fatigue during continuous walking (see 6.4.3 for more detail, in page 129).

7.4. Clinical implications

7.4.1. Community-based fall prevention programs including habitual

walking

Based on the findings of the doctoral thesis, a health promotion and fall prevention

program for community-dwelling older people can include recommendation of habitual

walking. However, simple risk management strategy with screening check-list for risk

of falling should also be included. Among the general community-dwelling older adults

without particular risk of falling (risk factors < 2), which is the majority of older
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population in communities, habitual walking can be widely recommended.

On the other hand, an extra caution is warranted if walking is to be

recommended for older adults with high risk of falling. For these high risk or very frail

older population, the traditional balance and strength trainings can be safely

recommended (Sherrington et al., 2011). These trainings can be included as part of the

secondary prevention policy for frail older adults screened by the Kihon Checklist

(Fukasaku et al., 2011; Tomata et al., 2011). The Study 3 showed that the strength and

balance training improved physical fall-related factors including balance and muscle

strength. Tinetti et al. (1994) provided fall risk assessments and multifactorial

interventions (e.g., strength and balance training, medication review, treatment of

postural hypertension) to community-dwelling older adults with at least one fall risk

factor (mean 3.9 = 1.7), and reported a significant reduction in the number of fall risk

factors (mean -1.1 = 1.6). If clinically significant improvements in balance and

lower-extremity strength and other fall risk factors were confirmed, then the older adults

can be guided to gradually and safely initiate habitual walking. It is important to guide

older adults until the level which they can habitually walk, because the ultimate purpose

of fall prevention is not merely to avoid falling (occasionally done by suppressing

physical activity or physical restraint in the worst case (Shimanuki, 2014; Wijlhuizen et
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al., 2007)) but rather to help older adults to freely walk, be physically active, confident

in mobility, and maintain a good quality of life.

7.4.2. How to minimize the side-effects of habitual walking for fall

prevention

The problematic nature of a walking intervention aiming at fall prevention is that along

with the improvements in physical and psychological functions, it is also accompanied

by an increased exposure to environmental hazards and trips. These hazards and trips

can be called as “side-effects” of habitual walking (Otaka et al., 2003). Throughout the

studies in this doctoral thesis, it was confirmed that among the general (or lower-risk)

community-dwelling older adults, the beneficial effects of habitual walking outweighs

the side-effects. However, it is important to find a route to minimize the side-effects

while maintaining the beneficial effects of habitual walking, for a better outcome in the

fall prevention efforts.

Based on findings from previous reports, several of suggestions could be made.

First, the walking pattern during exercise and activity of daily living should be clearly

distinguished. A fast walking pace with large stride length is commonly instructed to

older adults to obtain improvements in physical function. However, it was reported that
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a fast walking speed and wide stride rendered participants vulnerable to falling after

trips (Pavol et al., 2001) and to slipping (Espy et al., 2010), respectively. Berg et al.

(1997) reported that “hurrying too much” was the most common cause of falls among

community-dwelling older adults. Therefore, it is important to instruct older adults to

slow down their walking pace and shorten their stride to a normal extent in activities of

daily living (especially when encountering a fall-prone situation). Second, recognition

of fall-prone situations and paying proper attention should be educated. The fall-prone

situations include wet places (e.g., kitchen, bathroom, rainy roads), difference in level

(e.g., stairs, ramp, block, doorsill), and untidy rooms (e.g., clothes, bags, boxes, cords,

on the floor). Even when walking for exercise, participants should slow down their pace

when they recognize the fall-prove situations as difference in level. Third, other fall risk

factors including drugs (e.g., sedatives and psychotropic), vision problems (e.g.,

multifocal glasses and cataract), foot wears (e.g., sandals and slippers), activities (e.g.,

standing on chair and riding a bicycle), and characteristics/behavior (e.g., risk taking)

(Butler et al., 2014) should also be addressed. Forth, it may be important to directly

inform older adults that engaging in habitual waking may increase the “number” of falls

while decreasing the “rate” of falls accounting for exposures.

If the attempts to minimize the side-effects of habitual walking (e.g., injurious falls)
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were proven to be effective, application of a walking program to the higher-risk

community-dwelling older adults will be enabled.

7.4.3. Habitual walking and the traditional strength and balance

exercises: suitability to different populations

Although, habitual walking was suggested to be effective in maintaining the physical

and psychological fall-related functions such as dynamic balance, lower-extremity

strength, gait, endurance, and fall self-efficacy, among the general community-dwelling

older adults, the magnitude of the effects on lower-extremity strength and balance

tended to be greater in the traditional strength and balance training (Study 3). Enormous

amount of evidence suggests the effectiveness of the traditional strength and balance

exercises (Gillespie et al., 2012; Province et al., 1995; Sherrington et al., 2011;

Sherrington et al., 2008; Suzuki et al., 2004), especially among older adults with muscle

weakness and balance deficit (Tinetti et al., 1994). Habitual walking cannot be replaced

with the traditional strength and balance exercises in fall prevention programs

(Sherrington et al., 2011). However, the structured strength and balance exercise

programs supervised by instructors can only reach to limited number of older people.

Moreover, among healthy community-dwelling older adults with sufficient muscle
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strength at baseline, the effects on physical function may be small (Buchner et al., 1996).

These supervised exercises were appropriate for the high-risk approach.

On the other hand, habitual walking can be can be implemented regardless of

time, place, or previous sports experience, is suitable for the population-wide approach.

Significant fall prevention effects were also obtained when accounting for the exposure

variables among the general community-dwelling older adults who need to deal with

frequent environmental hazards (Study 4). Although, the improvements obtained by

habitual walking among the participants were relatively small (Study 3), they may be

sufficient to prevent future progression of risk of falling. It was also reported that

habitual exercises conducted among community-dwelling older adults including

walking, when continued for four years or longer was significantly associated with

fewer history of falls (Okubo et al., 2014c).

Therefore, a combination of population-based approach for the general

community-dwelling older people using habitual walking, and high-risk approach using

strength and balance exercises may be effective, or a hybrid-type fall prevention

program may be effective.

7.4.4. Should walking not be recommended for higher-risk older adults?
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Although the harmful effect of habitual walking among the higher-risk older adults was
observed in the Studies 1 and 2, restriction of walking may be an imprudent idea. It is
true that recurrent falls and injurious falls were serious health issue for older adults, and
should warn for the potential risk. It should also be noted that habitual walking among
older population has enormous beneficial effects on non-communicable diseases
including type 2 diabetes, cardiovascular diseases (e.g., heart disease, stroke,
hypertension, hyperlipidemia), muscle skeletal diseases (e.g., arthritis and lower-back
pain), and mental health (e.g., dementia and depression) (American College of Sports et
al., 2009; Lee and Buchner, 2008). Although, \etter et al. (1992) reported a
non-significant increase in the number of falls and fractures by encouraging physical
exercise, they wrote a positive outlook about their better mobility, quality of life, and
even mortality. Ebrahim et al. (1997) reported that a brisk walking group showed a
significant increase of fall rates over one year but a decrease in bone mineral density at
the femoral neck was smaller than that in the placebo group (mean net difference
between the brisk walking and placebo groups 0.019 g/cm?, 95% CI: -0.0026 to +0.041
glcm?, P = 0.056). Gill et al. (2002) and von Koch et al. (2000), providing early hospital
discharge and home rehabilitation to frail community-dwelling older adults or stroke

survivors, reported slight increase of falls but confirmed significant benefits in
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functional disability, independent in ADL, and mortality.

It is important to realize that fall prevention may not be a final goal but only a

method which allows older population to safely and freely walk, and maintain a good

quality of life. It is up to the older individual to make their decision on their health

promotion; weighing various health benefits and side-effects of each method including

habitual walking. Health care professionals should provide reliable information based

on scientific evidence, supplemented by experience, to help older individuals to choose

their methods which are suitable in their lifestyle.

7.4.5. Cut point to screen community-dwelling older adults with risk of

increasing falls with habitual walking

The Studies 1 and 2 have shown that the association between habitual walking and falls

is modified by the presence of risk of falling. If we are to adapt this finding to clinical or

community settings, it is important to determine the optimal level of risk of falling in

which community-dwelling older adults can safely and effectively walk for their health

and prevention of falls. Figure 8 (page 55) in the Study 1 suggests that when

community-dwelling older adults have three or more risk factors for falling, the adverse

effects of habitual walking outweigh the beneficial effects of habitual walking. On the
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other hand, Figure 10 (page 78) in the Study 2 suggests that when community-dwelling

older adults have two or more risk factors for falls, the adverse effects of habitual

walking outweigh the beneficial effects of habitual walking. To be conservative and

superior the longitudinal, Study 2 to the cross-sectional, Study 1, the cut point of two or

more risk factors for falling was used to exclude participants with potential risk of

increasing fall incidence by walking intervention in the Studies 3 and 4. It should be

noted that telephone screening in the Studies 3 and 4 were limited to convenient items

(without assessments of poor balance and depressive symptoms), and older adults with

more risk factors for falling may potentially be included. It was considered that this had

little impact on the results because the walkers with two risk factors for falling

demonstrated significantly fewer prevalence of fall history than the non-walkers did in

the Study 1. No clear cut point, as to the number of risk factors for falling to screen high

risk older adults when engaged in habitual walking, could be made from this doctoral

thesis. However, when older adults have three or more risk factors for falling, habitual

walking should not be the first choice of recommendation. For those with two risk

factors for falling, habitual walking may be beneficial in fall prevention but caution is

needed regarding the potential risk of increasing falls by engaging in habitual walking.
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7.5. Future directions

7.5.1. Methodological consolidation

In order to overcome the methodological limitations which have been stated in each

study, following consolidation should be adopted in the future research or

re-examination.

In observational studies, (1) random sampling and recruitment with sufficient

statistical power, (2) home visit assessments to include frail and inactive older adults,

(3) prospective collection of fall data using monthly fall calendars, (4) assessment of all

potential confounding factors including physical activity, cognitive function, dual-task

performance, and risk-taking behavior, (5) a study design and effort to maintain high

follow-up rate (> 90%) should be adopted. Re-examination in different countries with

different lifestyle, environments, ethnics and race should also be considered.

In intervention studies, (1) random sampling from whole target population, (2)

sufficient sample size for all main and secondary outcome measurements

(approximately 500 participants), (3) arrangement of a non-exercise control group (e.g.,

cross-over design, waiting list, or hobby classes without exercise), (4) strict blinding of

assessors, exercise instructors, statistical analysts (randomization and data analyses),

and possibly participants, (5) intention-to-treat analysis, (6) minimizing and
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management of missing data with multiple imputation, (7) prospective assessment of

exposure variables such as daily step counts and physically active days, as well as fall

status, (8) a follow-up period of two years or longer (because the effects of walking is

relatively small), should be adopted. The latest study design of RCTs such as SMART

design (sequential multiple assignment randomized trial) which systematically allows

and assesses adoption of intervention approach to individual variation, and MOST

design (multiphase optimization strategy) which examine effects of several components

(e.g., frequency, duration, and intensity of walking, difference shoes, education on

proper attention) in one trial should be considered (Collins et al., 2007; Collins et al.,

2014).

Even within the lower- and higher-risk categories, there is large variability

among older individuals (e.g., chronic disease, disability, personality, and lifestyle). A

limitation of common epidemiological studies, which use mean values, is that they do

not account for the individual variability. Additional examination with case-study and

qualitative research which focuses on the different individual responses may also be

beneficial.

7.5.2. Research questions

The mechanism of how habitual walking among community-dwelling older adults
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affects walking pattern (e.g., stride length, width, gait variability, trunk acceleration,

harmonic ratio), pattern of attention during walking for exercise and in activities of

daily living, volitional and reactive responses to environmental hazards which may

cause accidental falls should be examined in epidemiological studies and laboratory

experiments. An effective strategy to reduce the risk of falling among the high-risk older

population and safe walking program should be developed and examined in the future

studies.

Promising fall prevention exercises should not be limited to a few types of

exercise which have been identified in previous research (e.g., strength and balance

exercise). Although the high-risk older adults may benefit more from engaging in

structured exercise programs that systematically target the fall risk factors, for healthy

and lower-risk community-dwelling older adults, engaging in a broad range of physical

activities designed to improve aerobic endurance, strength, and balance on a regular

basis is likely to be sufficient to substantially reduce the risk of falling (Rose and

Hernandez, 2010). Various types of habitual exercise among community-dwelling older

adults have movement patterns such as stepping in multiple directions and load to

lower-extremity muscle which may be effective in fall prevention when continued for a

sufficient length of period and with sufficient dose (Okubo et al., 2014c). In the future
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research, wide variety of exercise modality should also be examined for their effects on

fall prevention.

7.6. Conclusion

The findings from this doctoral thesis can be summarized as follows: 1) habitual

walking significantly increases the risk of falling only among higher-risk older adults,

2) walking can be as effective as traditional strength and balance training in reducing

the incidence of falls among general community-dwelling older adults without

particular risk of falling. However, the strength and balance training is probably more

effective than habitual walking in reducing the physical risk factors among the

higher-risk older adults. 3) A hybrid-type fall prevention program, with

population-based approach for the general community-dwelling older people using

habitual walking, and high-risk approach using strength and balance exercises may be

effective.

It should be noted that these statements only apply to prevention of falls (mainly

caused by extrinsic or accidental factors) among general community-dwelling older

adults. Since the effects of habitual walking alone on maintaining muscle strength and

balance is limited, it is desirable to include muscle strengthening and balance training in
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prevention of sarcopenia, frailty, mobility limitation, or even falls in longer terms.
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