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A Pilot Study of a 12-Week Leg Exercise and
a 6- and 12-Month Follow-Up in Community-Dwelling
Diabetic Elders: Effect on Dynamic Standing Balance
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Objective: To determine the effects of 12-week leg exercise and follow-up on fasting blood glucose (FBG), blood pressure,
static and dynamic standing balance time, leg muscle strength, and leg exercise behaviors in type 2 diabetic elderly.
Material and Method: Four females, completing 12-week leg exercise group and 6- and 12-month follow-up were examined
for FBG, blood pressure, standing on firm and foam surfaces, single leg stance, Five-Times-Sit-to-Stand Test (FTSST),
alternated stepping, and leg muscle strength at before leg exercise, week 12 of exercise, and months 6 and 12 follow-up after
exercise. Friedman’s ANOVA was used to compare these variables among 4 periods. Exercise behaviors were asked at
months 6 and 12 follow-up.
Results: Significant decreased time was observed in FTSST between before and at week 12, and alternated stepping between
before and at month 6. For one year follow-up, two participants performed leg exercise regularly. According to patients’
interviews, they continued leg exercise because of reduced leg pain and stiffness, compliance to physiotherapist’s suggestions,
and exercise addiction.
Conclusion: Leg exercise enhanced FTSST and alternated stepping produced good quality feeling in leg in diabetic elderly.
Physiotherapists may be a key for continuing leg exercise in community-dwelling diabetic elderly.
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Diabetic elderly have lower limb muscle
weakness and postural instability. They showed muscle
strength reduction in knee flexors and extensors, ankle
plantar- and dorsi-flexors(1), in addition to foot intrinsic
muscle weakness and foot deformity(2).They also
demonstrated increased sway in anterior-posterior
direction on unstable platform, increased time in Five-
Times-Sit-to-Stand Test (FTSST) and Timed Up and
Go Test, and decreased score in Berg Balance Scale(3).
Lower limb muscle weakness may contribute to postural
instability. Effective strengthening exercise of knee
extensors and flexors, and ankle plantar- and dorsi-
flexors improves functional ability in community-
dwelling balance-impaired elderly(4). Thus, specific
exercise may be useful to diabetic elderly.

Leg training twice weekly over 12 weeks
improved dynamic balance and strength of hip flexors

and ankle plantarflexors(5). In addition, Tai Chi twice
weekly for 12 weeks enhanced single leg stance, fasting
blood glucose (FBG), and HbA1c(6). However, leg
training did not include foot muscle exercise. With long
term regular exercise blood pressure is lowered in
diabetic individuals(7). However, previous studies
showed no change in blood pressure after 3-month
exercise(8,9). Effect of long term regular exercise on blood
pressure is still controversial. Additionally, exercise
must be done consistently and depends on individual
preference. Therefore, the present study designed leg
exercise including foot muscles to apply among
community-dwelling diabetic elderly, and determined
its effect on FBG, blood pressure, standing balance,
and leg muscle strength after 12-week exercise, 6- and
12-month follow-up. Furthermore, leg exercise
behaviors during follow-up were investigated.

Material and Method
Participants

Seventeen elders (4 males, 13 females) with a
diagnosis of type 2 diabetes mellitus aged >60 years
living in Thung Kraphang Hom Subdistrict,
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Kamphaengsaen District, Nakhon Pathom volunteered
to participate in the study. The inclusion criteria were
1) verbal comprehension, 2) resting systolic blood
pressure lower than 160 mmHg and diastolic blood
pressure lower than 100 mmHg, 3) 90-100 points in
Barthel Index, 4) no plantar skin ulcer, 5) no neurological
and musculoskeletal system disorders and surgery, 6)
no history of angina or angina equivalent symptoms,
7) no absolute exercise contraindications(10), 8) no
blindness, 9) no history of falls during the past 12
months, and 10) walking independently without people
or device assistance.

A flowchart of participants is shown in Fig. 1.
Fourteen elderly (4 males, 10 females) qualified for the
study. Eventually, 4 female participants completed the
study (Table 1).

Study design
One group pretest and posttest and one year

follow-up design was used (Fig. 1). The Mahidol
University Institutional Review Board approved this
study (MU-IRB COA. NO. 2013/046.1705). Participants
were asked to read and sign consent forms before
participating.

Participants were examined for FBG, blood
pressure, static and dynamic standing balance, and
lower limb muscle strength. FBG was performed on the

tip of the left ring finger by glucose meter (Accu-Chek
Performa Meter with strips). Blood pressure was
determined by automatic blood pressure monitor
(Omron, model: HEM-7200). Static balances examination
included standing on firm and foam surfaces with eyes
open and closed, in addition to one leg stance on
dominance and nondominance. Dynamic balance was
assessed by FTSST and alternated stepping on 19-cm
high step as fast as possible 8 times by timing in second
(s) (Casio, Tokyo, Japan). Lower limb muscle strength
was assessed on the right and left leg by means of
manual muscle testing(11) in hip flexors, knee flexors
and extensors, ankle plantar- and dorsi- flexors, hallux
metatarsophalangeal flexors and extensors, toe
metatarsophalangeal flexors and extensors, hallux
interphalangeal flexors and toe proximal and distal
interphalangeal flexors. The inter- and intra-rater
reliability was tested for the 10 muscles. The inter-rater
reliability had an ICC

3,1
 of 0.416-0.874, and the intra-

rater had an ICC
1,1

 of 0.682-0.873.
All examinations were performed one day

before leg exercise (before), one day after the last time
of 12-week leg exercise (at week 12), and at months 6
and 12 after finishing the 12-week exercise (Fig. 1). In
addition, at months 6 and 12 after 12-week exercise,
participants were asked about leg exercise frequency
and consistency, leg exercise motivation, and other
exercises. Exercise behaviors at months 6 and 12 follow-
up were described.

The leg exercise program consisted of 10-
minute warm-up, 40-minute leg exercise, and 10-minute
cool-down. Warm-up and cool-down consisted of right
and left hip flexor stretching, knee flexor and ankle
plantarflexor stretching, toes up and down, and turning
ankle to the right and left. Stretching of hip and knee
flexors and ankle plantarflexors was held for 15 seconds/
time for 5 times. Movement of toes and ankles was 10
times/direction. Leg exercise was composed of right
and left foot grasping and releasing an object (foot
grasping, hip flexion with dorsiflexed ankle, moving leg
to the side, placing foot on floor, then releasing an
object), semi-squatting, and alternated standing on
heels and toes. Each exercise was performed 10 times/
set for 3 sets. Leg exercise was performed with eyes
open and closed, except right and left foot grasping
and releasing an object with only eyes open.
Participants underwent leg exercises, 60 minutes each
day, three nonconsecutive days weekly for 12 weeks
under supervision of a researcher (SS). After finishing
12-week leg exercise, participants continued the exercise
by themselves 60 minutes each day, threeFig. 1 Flow diagram of the study and participants.
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Characteristics             Total (n = 14)                                     Participants (n = 4)

Mean + SD n (%) Mean + SD n (%)
 (min-max)  (min-max)

Age (years)   67.9+6.86   69.3+7.41
(60.0-79.0) (61.0-76.0)

Weight (kg)   61.5+10.49   61.1+9.14
(48.0-87.3) (48.0-69.2)

Height (cm) 156.8+7.19 153.5+2.33
(144.7-170.0) (151.2-156.2)

Body mass index(kg/m2)   25.0+3.81   25.9+3.67
(18.1-31.7) (20.8-28.9)

Barthel index score (points) 100+0 100+0
(100.0-100.0) (100-100)

Duration of type 2 Diabetes Mellitus     6.52+7.45     8.06+9.02
(years) (0.25-25) (0.25-20)
Occupation

Farmer   5 (35.7) 2 (50.0)
Housewife   5 (35.7) 2 (50.0)
Government service   2 (14.3)
Worker   1 (7.14)
None   1 (7.14)

Treatment
Medication   7 (50.0) 2 (50.0)
Medication and diet   4 (28.6) 1 (25.0)
None   3 (21.4) 1 (25.0)

Underlying diseases
Hypertension alone   6 (42.9) 1 (25.0)
Heart disease alone   1 (7.14)
Hypertension with other diseases
Dyslipidemia   4 (28.6) 1 (25.0)
Osteoarthritis knee   1 (7.14) 1 (25.0)
Peptic ulcer and Pyelonephritis   1 (7.14)
Heart disease and Dyslipidemia   1 (7.14) 1 (25.0)

History of surgery
None 11 (78.6) 1 (25.0)
Balloon angioplasty   1 (7.14) 1 (25.0)
Hysterectomy   1 (7.14) 1 (25.0)
Caesarean section   1 (7.14) 1 (25.0)

Numbness
None   7 (50.0) 2 (50.0)
Both hands   2 (14.3) 1 (25.0)
Hands and feet   4 (28.6) 1 (25.0)
Both feet   1 (7.14)

Smoking
None 10 (71.4) 4 (100.0)
Used to smoke   2 (14.3)
Smoke   2 (14.3)

Alcohol
None   7 (50.0) 3 (75.0)
Used to drink   3 (21.4) 1 (25.0)
Drink   4 (28.6)

Table 1. Characteristics of participants
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nonconsecutive days weekly for one year. Participants
received an exercise book consisting of leg exercise,
exercise schedule, and record form.

Statistical analysis
Friedman’s ANOVA in SPSS software

version 15.0 was used to compare FBG, blood
pressure, time in standing on firm and foam
surfaces with eyes open and closed, one leg stance
on dominance and nondominance, FTSST, and
alternated stepping, and leg muscle strength at
before, week 12, month 6 and 12-month follow-up.
A p-value less than 0.05 was considered significant.
When a significance was found, pairwise comparisons
calculated the difference between the mean ranks of
the difference periods        and compared these
differences to critical difference                         , as shown
in the equation(12) below. If the difference between mean
ranks was greater than or equal to the critical difference,
then that difference was considered significant.

where: a (level of significance) = 0.05
k (number of conditions) = 4
N (sample size) = 4

thus;

Results
Significant change at before, week 12 and 6-

and 12-month follow-up was observed in FTSST (χ2 
(2)

= 9.300, p = 0.012), alternated stepping (χ2
(2) 

= 11.100, p
= 0.001), right hip flexors (χ2

(2)
 = 10.200, p = 0.014), and

right ankle dorsiflexors (χ2
(2)

 = 8.571, p = 0.042). Pairwise
comparison between periods of leg exercise showed
significance in FTSST and alternated stepping only. A
significant decrease was observed in FTSST time
between before and at week 12, and alternated stepping
time between before and at month 6 follow-up (Table
2). No difference was found in lower limb muscle
strength between any periods except right hip flexor
and ankle dorsiflexor muscles. Leg exercise behaviors
at months 6 and 12 follow-up are described in Table 3.

Discussion
Leg exercise among diabetic elderly improved

FTSST after 12-week exercise and enhanced alternated
stepping at 6-month follow-up compared with before
exercise. During one-year follow-up, two diabetic
elderly frequently did leg exercise individually.

In the present study, leg exercise trained hip,
knee, ankle and foot muscles. It decreased time in

(Z
a/k (k-1)                       

    )√ k (k+1)
   6N

(⎢Ru - Rv⎢)

⎢Ru - Rv⎢is more than Z
a/k (k-1) √k (k+1)

   6N

⎢Ru - Rv⎢was more than 2.40997

Characteristics             Total (n = 14)                                     Participants (n = 4)

Mean + SD  n (%) Mean + SD   n (%)
 (min-max)  (min-max)

Exercise/physical activity/hobby
General exercise 2 (14.3) 1 (25.0)
Housework 4 (28.6) 1 (25.0)
Childhood care 1 (7.14) 1 (25.0)
Gardening 1 (7.14)
Housework and childhood care 3 (21.4)
Housework and gardening 2 (14.3)
No answer 1 (7.14)

Exercise behavior
None 3 (21.4) 2 (50.0)
<2 days per week 7 (50.0) 2 (50.0)
2-3 days per week 3 (21.4)
No answer 1 (7.14)

Eating behavior
2 meals a day and no snack 2 (14.3)
3 meals a day + 1 snack break a day 5 (35.7)
3 meals a day + 2 snack breaks a day 4 (28.6) 3 (75.0)
3 meals a day + 3 snack brakes a day 2 (14.3) 1 (25.0)
No answer 1 (7.14)

Table 1. cont.
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FTSST and alternated stepping which are dynamic
standing balances. Time in FTSST at 12-week leg
exercise of the present study was less than that among
Japanese  women without history of falling(13), and time
in alternated stepping at 6-month follow-up was less
than that of elderly aged 75-90 years and over but similar
to those aged 20-39 years(14). This may have resulted
from muscle practice in the leg exercise program. No
improvement in static standing balance was observed.
Ceiling effect of standing on a firm surface with eyes
open and closed and on foam with eyes open was
detected in our participants. In addition, a rather high
performance was detected in standing on foam with
eyes closed and standing on one leg on dominance
and nondominance. Time in single leg stance before
leg exercise in the present study was similar to several
previous studies among the elderly(15-17). Therefore, leg
exercise seemed to enhance dynamic standing balance
in our participants.

Although exercise in diabetic individuals
reduced FBG(6,18,19) and blood pressure(7), leg exercise
demonstrated no change in FBG and blood pressure.
Similarly, no change was reported in blood pressure in
diabetic individuals with exercise(8,9,18). The difference
may have resulted from exercise intensity and
frequency. Leg exercise is of moderate intensity(20),
whereas exercise in a previous study(19) was moderate
to high intensity. Furthermore, exercise frequency in
the present study was low during the follow-up period.
Therefore, no change in FBG and blood pressure in
diabetes elders with leg exercise was observed.

For one year follow-up, two of four
participants regularly performed leg exercise because
of being instructed to exercise, feeling good for health,
and appearing addicted to leg exercise. However, three
of four participants sometimes performed leg exercise
because of feeling its specific effect, for instance, pain
and stiffness reduction. It showed that diabetic elderly
experienced benefits of leg exercise. However, all
participants did not often perform leg exercise.
Therefore, performing leg exercise or a specific exercise
individually may need facilitation from health
professions.

Right hip flexors and ankle dorsiflexor revealed
significant differences among study periods. Exercise
of foot grasping and releasing an object in the present
study may have enhanced these two muscles. Hip
flexion with dorsiflexed ankle was needed while
performing that exercise. Nonetheless, no pair
differences were found, probably due to the small
sample size.

The present study had limitations. Despite
the suggestion to examine the HbA1c for accumulative
blood glucose control, the HbA1c could not be
measured due to the lack of a field laboratory. Another
limitation was the high dropout rate (70%). However,
the sample size calculated pair difference for right hip
flexors and ankle dorsiflexors required at least 8 and 43
participants at the most.

Conclusion
Community-dwelling diabetic elderly are

suggested to perform leg exercise programs to improve
dynamic standing balance that may affect activities of
daily living, for example, sit-to-stand and stairs step-
up. Leg exercise programs improved FTSST and
alternated stepping performance in community-dwelling
diabetic elderly, and resulted in pain and stiffness
reduction as some of them reported. Since fewer diabetic
elderly performed leg exercise regularly, it is suggested
to motivate them. A larger sample size is suggested in
future studies to investigate of the effect of exercise
programs for leg muscle strength.

What is already known on this topic?
Diabetic elderly have weak muscles and

postural balance. Specific exercises to improve leg
muscle strength and functional balance are needed.
However, foot muscle exercise was not involved in
those exercises and continuation of exercise was not
studied.

What this study adds?
The present leg exercise program includes a

specific exercise for the foot muscle. It enhances
dynamic standing balance among community-dwelling
diabetic elderly. Long term regular leg exercise leads to
decreased leg pain and stiffness in diabetic elderly.
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