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Abstract The purpose of this study was to retrospectively examine the association of ha-
bitual exercise with “single fall (= 1)”, “multiple falls (> 2)”, and “injurious falls (> 1)” among
community-dwelling older adults. A total of 1,683 community-dwelling older adults, aged 60-
97 years (72.6 +/- 6.6 yr, 512 men and 1,171 women) were included in this study. Habitual ex-
ercises continued one year or longer (6.4 +/- 9.5 yr) were classified into twelve types. Exercise
components (time, quantity, period of continuity, and number of exercises) were divided with
median or tertiles. To assess the association between habitual exercises and fall status, multi-
variable logistic regression analyses with stepwise selection method, were applied. The multi-
variable logistic regression analyses showed that dance (odds ratio (OR): 0.30, 95% confidence
interval (CI): 0.09-0.96) was negatively associated with “single fall”. Bicycling (OR: 3.72, 95%
CI: 1.32-10.77) was positively associated with “multiple falls”, and the period of continuity (OR:
0.74, 95% CI: 0.60-0.91) was negatively associated with “multiple falls”. None of the exercise
components were selected with regard to “injurious falls”. Results indicate that dance may be an
effective type of exercise for fall prevention among community-dwelling older adults. However,
caution about falling is warranted toward bicycling as an exercise. Moreover, a longer period of
continuity (> 4 years) appears to be a positive factor of habitual exercise for fall prevention.
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Classification of habitual exercises by modality

Modality

Table 1.
Category Type of habitual exercise

Walking, Brisk walking Walking Walking a dog
Brisk walking

Jogging Jogging Marathon
Running

Climbing Climbing Hiking
mountains

Ground golf Ground golf Under golf!
Golf Park golf?
Gate ball Target bird

golf?

Mini golf Putter golf

Ball games Badminton Base ball
Soccer Tennis
Volley ball Table tennis
Soft volley ball Padel tennis
Soft ball Indiaca*

Dance Japanese dance Aecrobic dance

Social dance Sport dance
Hula dance Folk dance
Water exercises Walking in water ~ Swimming

Tai Chi Tai chi chuan (any forms)

Rhythmic gymnastics "Radio Taiso" "3B Taiso"
"TV Taiso"

Light strength training Toe raise Heel raise
Stepping Hand-grip
Squat Push-up
Abdomen Leg extension

Bicycling Stationary cycle Bicycle

Continuous stepping in a single direction
with double supporting phase.
Continuous stepping in a single direction
without double supporting phase.

Continuous stepping on mountains or hills.

Games to shoot a static ball on the ground

with a club toward a particular target.

Games to hit/kick/throw a dynamic
ball/shuttlecock with/without equipment
and require sudden movement in multiple

directions.

Rhythmic body movement as an expression
of emotion/culture or social interaction
often requiring stepping in multiple
directions.

Exercises with resistance and buoyancy of
the water.

Forms of defense/offense requiring
stepping in multiple directions.

Rhythmic body movements mainly
intended for health promotion.

Exercise programs intended to strengthen

muscles often carried out in home.

Pedaling with legs sitting on a saddle.

Notes: 'Under golf is played by hand-through and with a golf pad. ?Park golf is played with special golf
pads and tees which are safe in a park. *Target bird golf is played with special a golf ball attached with
wing (like badminton shuttle) and a wide net hole. *Indiaca is played on court across a net (like volley-
ball) with an indiaca (featherball). °"3B Taiso" is a rhythmic exercise using a ball, bell, and belter (a belt

made of connected rings).
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Table 2. Components of habitual exercises among the participants (n = 1683)
Exercise Prevalence Intensity! Time Frequency Total time Period Quantity
n (%) (METs) (min/day) (day/wk) (min/wk) (year) (METs*hour/wk)
Walking 239 (14.2) 2.5 427 +233 51 £2.1 2174 +1624 78 +£7.3 9.1 +£6.8
Brisk walking 170 (10.1) 35 554 +£34.0 46 +24 2446 +189.5 79 +7.1 143 +11.1
Jogging 23 (1.4) 7.0 52.8 +36.3 44 +£19 2441 +£1993 102 +9.0 28.5 +233
Climbing mountains 12 (0.7) 6.0 380.0 +£150.5 1.1 £2.0 2704 +£3414 140 £103 27.0 +34.1
Ground golf 234 (13.9) 2.0 1475 +86.4 22 +£14 2923 +2294 92 +11.0 9.7 +£7.6
Ball games 50 (3.0 5.0 137.1 +96.3 1.8 +£1.0 2267 +£1852 16.6 +16.9 189 +15.4
Dance 63 (3.7) 4.5 1155 +52.5 1.2 +0.6 137.7 +985 10.7 +£7.9 103 +74
Water exercises 62 (3.7) 3.0 68.5 +£33.9 25 £1.7 1675 +£1594 92 +103 84 +8.0
Tai Chi 33 (2.0 2.0 92.5 +33.9 1.6 £1.7 1149 +732 10.1 +12.1 3.8 £24
Rhythmic gymnastics 99 (5.9) 2.5 21.1 +£26.5 53 +£23 745 +81.5 92 +113 3.1 +34
Light strength training 123 (7.3) 3.0 61.1 +£39.6 30 £2.7 1309 +1483 33 +28 65 +74
Bicycling 37 (2.2) 4.0 324 +229 44 +£19 1443 +1213 84 +11.6 9.6 £8.1
All exercises® 1104 (65.6) 2.0-7.0 127.8 +119.0 59 +42 3072 +286.0 64 +£95 6.7 +£11.5

Note: ' The values of exercise intensity were quoted from Stewart et al. (2001)*”. ?In cases a participant had multiple exercises:

time, frequency, total time, and quantity are the total values of all exercises but period is the maximum value.

Table 3. Characteristics of the participants who did and did not experience single fall (= 1), multiple falls (> 2), and injurious

falls (> 1) in the past year (n = 1683)

Single fall! Multiple falls Injurious falls

Variables No Yes No Yes No Yes

(n=1406)  (n=191) (m=1597)  (n=86) (n=1541)  (n=142)
Age, year 723 +£6.5 73.8 +6.1 ** 725 +65 750 +£74 ** 724 £6.5 743 +£6.5 **
Sex, female 66.7 7713 * 67.9 71.7 67.2 792 *
Body mass index, kg/m? 235 +3.2 240 +33 235 +£32 242 +£39 235 £33 23.8 +3.5
Assistive device, use 4.2 8.5 ** 4.7 15.0 ** 4.7 11.5 **
Heart disease, yes 8.9 10.6 9.1 10.0 9.0 10.4
Hypertension, yes 38.6 333 38.0 31.7 38.0 344
Diabetes mellitus, yes 8.5 7.1 8.3 16.7 * 8.5 11.5
Osteoporosis, yes 7.9 6.4 7.7 8.3 7.5 104 *
Cataract/glaucoma, yes 5.4 7.1 5.6 10.0 53 11.5 **
Knee pain, yes 23.8 433 ** 26.1 40.0 ** 25.0 479 **
Number of medication, n 20 +23 20 +2.1 20 +23 3.0 £34 ** 20 +24 24 +24
Fear of falling, yes 343 48.2 H* 35.9 65.0 ** 35.6 583 **
TMIG-IC?, score 11.0 +£23 11.1 +£23 11.0 +£23 105 +£24 * 11.0 +23 11.3 £1.8

Notes: Values are prevalence (%) or mean = standard deviation. Missing data are less than 1.5% for all variables. * P < 0.05,
» P < 001 vs No. ‘Multiple fallers (n = 86) were excluded from this analysis. “TMIG-IC: Tokyo Metropolitan institute of

Gerontology-index of competence.

(P<0.05).
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Table 4. Odds ratios (OR) and 95% confidence intervals (CI) of each habitual exercise for
single fall (= 1), multiple falls (> 2), and injurious falls (> 1) in the past year (n = 1683)

Dependent Single fall' Multiple falls Injurious falls
variables OR (95% CI) OR (95% CI) OR (95% CI)
Walking

No 1.00 1.00 1.00

Yes 1.01 (0.66-1.53) 0.46 (0.21-1.01) 0.58 (0.33-1.03)
Brisk walking

No 1.00 1.00 1.00

Yes 0.89 (0.58-1.36) 0.94 (0.51-1.73) 0.69 (0.41-1.17)
Jogging

No 1.00 1.00 -

Yes 0.50 (0.07-3.78) 1.12 (0.15-8.71) -

Climbing mountains
No

1.00

1.00

Yes - 2.18 (0.27-17.27) 1.30(0.16-10.19)
Ground golf

No 1.00 1.00 1.00

Yes 0.70 (0.43-1.15) 0.44 (0.19-1.04) 0.83 (0.48-1.43)
Ball games

No 1.00 1.00 1.00

Yes 0.82 (0.32-2.09) 0.40 (0.06-2.97) 0.46 (0.11-1.93)
Dance

No 1.00 1.00 1.00

Yes 0.27 (0.08-0.85) * 0.23 (0.03-1.66) 0.25 (0.06-1.04)
Water exercises

No 1.00 1.00 1.00

Yes 1.12 (0.50-2.52) 1.62 (0.57-4.64) 1.33 (0.55-3.17)
Tai Chi

No 1.00 1.00 -

Yes 0.91 (0.32-2.61) 1.04 (0.24-4.40) -
Rhythmic gymnastics

No 1.00 1.00 1.00

Yes 0.92 (0.48-1.75) 0.55(0.17-1.77) 1.36 (0.70-2.61)
Light strength training

No 1.00 - 1.00

Yes 1.76 (1.10-2.82) - 1.37 (0.76-2.46)
Bicycling

No 1.00 1.00 1.00

Yes 0.77 (0.23-2.56) 2.79 (1.04-7.45) * 0.95(0.28-3.17)
All exercise

No 1.00 1.00 1.00

Yes 1.14 (0.82-1.58) 0.57 (0.37-0.88) * 0.84 (0.58-1.20)
Number of exercise, n

0 1.00 1.00 1.00

1 0.97 (0.69-1.36) 0.87 (0.55-1.36) 0.90 (0.62-1.31)

>2 0.91 (0.59-1.39) 0.23 (0.09-0.60) ** 0.52 (0.29-0.91) *

P for trend 0.667 0.0038 ** 0.0348 *
Time of exercise, min/wk

No 1.00 1.00 1.00

1-122 1.18 (0.76-1.83) 0.94 (0.55-1.60) 0.95 (0.60-1.50)

123-304 1.10 (0.70-1.72) 0.51(0.27-0.96) * 0.58 (0.34-1.00) *

> 305 1.13 (0.72-1.76) 0.30 (0.15-0.64) * 0.77 (0.47-1.25)

P for trend 0.703 0.0003 ** 0.102
Quantity of exercise, METs*hour/wk

No 1.00 1.00 1.00

1-5.7 0.87 (0.56-1.33) 0.64 (0.34-1.20) 0.87 (0.55-1.39)

5.8-13.0 0.98 (0.64-1.49) 0.81 (0.45-1.46) 0.71 (0.43-1.18)

> 13.1 1.02 (0.67-1.54) 0.54 (0.28-1.05) 0.77 (0.47-1.25)

P for trend 0.941 0.075 0.148
Period of continuity, year

No 1.00 1.00 1.00

1-3.9 1.30 (0.85-2.00) 1.09 (0.64-1.85) 1.36 (0.88-2.11)

4-9.9 1.23 (0.81-1.88) 0.30 (0.13-0.69) * 0.65 (0.38-1.10)

> 10 0.96 (0.64-1.45) 0.40 (0.22-0.76) * 0.62 (0.38-1.00) *

P for trend 0.911 0.0004 ** 0.0140 *

Notes: * P < 0.05. Odds ratios and 95% CI are adjusted for age and sex. P for the trend was
calculated using a logistic regression model adjusted for the variables, as described above.
"Multiple fallers (n = 86) were excluded from this analysis.
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Table 5. Multivariable odds ratios (OR) and 95% confidence intervals (CI) of selected variables
for single fall (= 1), multiple falls (> 2), and injurious falls (> 1) in the past year (n = 1683)

Outcomes Dependent variables Multivariable OR (95% CI) P value
Single Fall! Knee pain, yes 2.16 (1.55-3.01) <0.001
Fear of falling, yes 1.58 (1.14-2.18) 0.006
Dance, yes 0.30 (0.09-0.96) 0.042
Multiple falls  Assistive device, use 2.95 (1.57-5.55) 0.001
Number of medication, n 1.09 (1.01-1.18) 0.020
Fear of falling, yes 2.39 (1.47-3.88) 0.001
Bicycling, yes 3.72 (1.32-10.77) 0.013
Period of continuity, 1 year 0.74 (0.60-0.91) 0.005
Injurious falls Knee pain, yes 2.09 (1.46-2.99) <0.001
Fear of falling, yes 2.40 (1.68-3.44) <0.001
Cataract/glaucoma, yes 1.90 (1.08-3.34) 0.024

Notes: * Odds ratios and 95% CI are adjusted for the above selected variables. Multiple fall-

ers (n = 86) were excluded.

Independent variables (Single fall) = age, sex, use of assistive device, knee pain, fear of falling,

and dance.

Independent variables (Multiple falls) = age, body mass index, use of assistive device, diabe-
tes mellitus, knee pain, number of medication use, fear of falling, Tokyo Metropolitan institute
of Gerontology-index of competence, all exercises, number of exercise, time of exercise, period

of continuity.

Independent variables (Injurious falls) = age, sex, use of assistive device, osteoporosis, cata-
ract/glaucoma, knee pain, fear of falling, number of exercise, period of exercise.
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