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Risks of falls among older adults are multifactorial in nature. A com-
bined training program might be beneficial on fall-related outcomes.
This study aimed to explore the effects of group-based physical-cogni-
tive trainings on physical and psychological outcomes among older
adults with type 2 diabetes mellitus (T2DM) and balance impairment.
Fall incidence were also determined. Thirty-seven older adults with
T2DM and balance impairment were randomly assigned to control and
intervention groups. The intervention program comprised of 24 training
sessions of 45-60 min exercise for 8 weeks. The exercise consisted of
warm-up, aerobic exercise by nine square stepping, resistance exer-
cise combined with cognitive training and cool down. All participants
were assessed at baseline, 4 and 8 weeks after intervention, and 1-year
follow-up. Both groups reported similar rates of falls. Global cognition,
depressive symptoms, and fear of falling did not differ between groups

INTRODUCTION

Diabetes mellitus (DM) is a worldwide, epidemic health condi-
tion. This chronic condition reportedly increases the risk of falling
by 64% among older people (Yang et al., 2016). This higher risk
was due to degenerated physical and cognitive functions associated
with age-related declines and disease-related complications (Vinik
etal., 2015). The physical impairments leading to gait and balance
disorders as well as muscle weakness are commonly experienced in

older adults with type 2 DM (T2DM) (Yang et al., 2016). More-

atany time. The Timed Up & Go (TUG) test, alternate stepping test (AST),
knee extensors, ankle plantarflexors, and dorsiflexors strength differed
at 4 weeks. TUG, AST, hip abductors, knee flexors, ankle plantarflexors,
and dorsiflexars strength differed at 8 weeks. The activity of daily living
(ADL), TUG test (P=0.002) and AST, hip extensors and abductors, knee
extensors and flexors, ankle plantarflexors and dorsiflexors were differ-
ent at 1-year follow-up. The group-based physical-cognitive training
could benefit older adults with T2DM in terms of maintaining ADL. The
intervention could reduce fall risk factors by improving balance and
lower limb muscle strength among older adults with T2DM and balance
impairment.
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over, the psychological aspects related to fall including cognitive
impairment, depression, and fear of falling were also observed
(Hewston and Deshpande, 2016; Vinik et al., 2015; Yang et al.,
2016).

Many forms of physical exercises and balance training had been
proposed as the key interventions to improve falls-related outcomes
among older adults with T2DM (Chapman et al., 2017). However,
the effectiveness was various in studies depending on the interven-
tions and outcomes measured. For example, large effect on falls
prevention was reported by reducing 39% of falls rate in older
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adults if using exercises with moderate to high challenges to bal-
ance (Sherrington et al., 2017). However, the falls rate, functional
performance according to Berg Balance and Timed Up & Go (TUG)
tests and ankle muscle strength were not different between the
groups receiving lower-extremity exercise and walking training
compared with control (Kruse et al., 2010).

Physical exercise also had effect on cognitive function which
typically impaired in older adults with T2DM. Physical activity
intervention including walking, resistance training, and flexibility
exercises improved cognitive and gait performances in older adults
with T2DM (Espeland et al., 2017). A meta-analysis showed small
to moderate effect sizes of aerobic and multimodal exercises on the
cognitive function improvement in people with T2DM (Cooke et
al., 2020).

Although the balance training could evidently prevent falls (Sher-
rington et al., 2017), this type of training alone did not improve
the dual-tasks ability of walking with other activities which were
needed for activity of daily living (ADL) and social participating
in older people (Silsupadol et al., 2009). Therefore, the combining
physical and cognitive trainings might be more appropriate espe-
cially those at risk of falls (Fisseha et al., 2017). The older adults
receiving combined trainings of dual-task and phonemic verbal
fluency practice had greater improvements of gait parameters com-
pared with group receiving only the physical exercise (Boa Sorte
Silva et al., 2018a). The cognitive combined with physical train-
ings could improve the TUG cognition and global cognition (Heut
et al., 2018). Physical trainings along with the social engagement
promotion were also shown to improve mobility and cognition
among older adults with subjective cognitive complaints (Boa Sorte
Silva et al., 2018a; Boa Sorte Silva et al., 2018b).

Combined physical and cognitive trainings were clearly benefit
the mobility and cognition in older adults. However, there are still
limited evidences for group-based combined physical and cognitive
training on falls-related outcomes and falls rate, especially ones
with balance impairment. Therefore, this study aimed to explore
the effects of group-based physical and cognitive trainings for 24
sessions concerning physical, psychological functions, ADL, and
falls rate among older adults with T2DM and balance impairment.

MATERIALS AND METHODS

This study was a double-blind, randomized control trial. The
randomization was cluster sampling of residential areas, to allocate
older adults in the intervention and control groups. The study was
registered with ClinicalTrials.gov (TCTR20180119001) and eth-
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ically approved by the Mahidol University Central Institutional
Review Board (No. MU-CIRB 2018/005.0801).

Participants

Two hundred twenty-three (n=223) community-dwellers with
T2DM living in Nakhon Pathom, Thailand were enrolled in this
study. To be included, participants had to be older adults aged
>60 years, diagnosed of T2DM. They also had impairment of
functional balance identified by the TUG with a time greater than
10 sec. The exclusion criteria included having history of (a) central
nervous system dysfunction as stroke or Parkinson disease, (b) low-
er limb amputation or joint replacement, (c) lumbar or lower limb
fracture or surgery within the previous 6 months, (d) significant
pain or symptoms of musculoskeletal disorders affecting movements
during walking and balance assessments, and () unsafe blood pres-
sure for exercise (>180/100 or <100/60 mmHg during resting).
After screening, 37 participants were eligible and allocated to
control (n=15) and intervention (n=22) groups (Fig. 1).

Intervention

Four registered physical therapists were trained to provide the
intervention according to the standardized protocol. During the
intervention period, the therapists kept a daily record to monitor
blood pressure, heart rate, Borg Rating of Perceived Exertion, and
the progress and responses of each participant.

Exercise intervention

Group-based, physical-cognitive exercises with 6 to 12 partici-
pants per group were held in the community. The intervention
combined moderate-intensity exercise (Colberg et al., 2016) and
cognitive training. Each session took 45 to 60 min for 3 sessions
in a week. The period of program was 8 weeks, totaling 24 exer-
cise sessions. The exercise included physical exercises (aerobics,
strengthening, and balance training) and cognitive trainings (mem-
ory, attention, and executive functions). The exercise protocol con-
sisted of four sections: a warm-up, an aerobics training with nine
squares stepping exercise (9SSE) (Outayanik et al., 2017), strength-
ening exercises combined with cognitive training and a cool-down
period. The warm-up session involved 10 min of light aerobic with
a dynamic range of motion exercises of the neck, trunk, upper and
lower extremities. The physical exercises were 25 min of the large
rhythmical activity by 9SSE at moderate to vigorous intensity
(Colberg et al., 2016) with the Borg Rating of Perceived Exertion
of 5 to 8 on a scale from 0 to10. To progress to the next level of
the 9SSE activity, all participants were required to perform cor-
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Fig. 1. Study flow.

rectly at least 4 times of each walking pattern in each round of ex-
ercise (Boa Sorte Silva et al., 2018a; Boa Sorte Silva et al., 2018b).
For the continuing exercise session, the group had to start from
pattern 1 to the last pattern, and then adding the progression pat-
tern. The resistance exercise and cognitive training session were
held for 10 to 15 min, combining low intensity-exercise with cog-
nitive trainings (memory, attention, and executive functions). The
subsections of each week comprised of day 1: resistive band of up-
per extremity and chair exercises combined with adding and sub-
tracting numbers training, day 2: resistive band of lower extremity
and chair exercises with episodic memory and visuospatial working
memory training, and day 3: core strengthening using a gym ball
with attention, flexibility and semantic fluency training. The cool
down was for 10 min of light aerobics: stretching and breathing
exercises, performed at the end of every section. Vital signs and
Borg Rating of Perceived Exertion were constantly monitored be-
fore, during and after the exercise sessions. During the activities
challenging balance, the therapists guarded the participant to pre-
vent falling.
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Control group intervention

The control group participated in 4 sessions of health education
throughout the data collection period. The contents including
diet, exercise, and fall prevention recommendations were provided
by interactive lectures.

Outcome measures

All outcome assessments were conducted in the community. The
registered physical therapists responsible for data collection were
trained. Before the data collection, the intertester and intratester
reliabilities were tested. All assessors were blinded to the group
allocation. The demographic data collected included age, sex, edu-
cational levels, history of falls within the previous 6 months, medi-
cal history, weight, height, body mass index, resting heart rate,
resting blood pressure, orthostatic hypotension, the Michigan
Neuropathy Screening Instrument (Feldman et al., 1994), fasting
blood sugar, and hemoglobin Alc. The baseline outcome assess-
ment (P0) included four domains of physical functions, cognitive
functions, mental status, and ADL. The schedule of outcome as-
sessments in the follow-up periods is presented in Fig. 1.
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Physical function

Balance performance was assessed using the TUG and alternate
step test (AST). For the TUG, the participants sat on a 43-cm
height armchair with their back on the chair back support. They
were asked to perform the TUG as quickly and safely as possible
(Shumway-Cook et al., 2000). One practice trial was allowed. Two
test trials were performed with at least 2-min rest between the
trials. The result of the better performance was used (Shumway-
Cook et al., 2000). For AST, the participants stood on the floor
with barefooted. They were asked to alternately step as fast as pos-
sible for eight steps on a 19-cm height and 40-cm depth step
(Tiedemann et al., 2008). One practice trial was allowed. The AST
was tested twice with 2 min rest between the tests. The value rep-
resenting the best AST was used. The strength of lower limb mus-
cle groups including hip (flexors, extensors, and abductors), knee
(flexors and extensors), and ankle (plantarflexors and dorsiflexors)
were measured using a handheld dynamometer (Mentiplay et al.,
2015). All muscle groups were tested in midrange of joint motion.
One practice trial was given before measuring each movement. The
average of three trials was recorded for each muscle group. To per-
form the Five-Times-Sit-to-Stand Test (FTSST), participants were
asked to sit on a standard height chair without armrests. They were
asked to complete the FTSST as fast as possible with arms crossed
(Tiedemann et al., 2008). The FTSST was tested twice with 2-min
rest in between. The better performance was used.

Psychological outcomes

Global cognition was assessed using the Montreal Cognitive
Assessment (Pinto et al., 2019). One point score is added for the
participants with education <6 years. Depressive symptoms were
screened using Patient Health Questionnaire-9. The test compris-
es a self-report questionnaire of depressive symptoms (Lotrakul et
al., 2008). Fear of falling was assessed using the Thai version of
the Fall Efficacy Scale-International. This tool is used to assess
concerns related to physical and social activities (Thiamwong and
Suwann, 2014).

Activity of daily living
The Barthel Index is a validated scale measuring for ADL with
higher scores indicating greater independence (Mahoney and Bar-

thel, 1965).
Fall history and falls rate

History of falls was documented over the previous 6 months.
Monthly falls rate was documented during the intervention for 2
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and 12 months after the intervention period. Fall was defined as
an event resulting a person in coming to rest inadvertently on the
ground or floor or other lower level (World Health Organization,
2007). The history of falls in the study might have derived from
postural hypotension as dizziness while standing up, vertigo, diz-
ziness while squeezing urine/feces, stumbling over objects, losing
balance while changing posture, tripping, slipping, stumbling at
different levels or on steps, falling down stairs, weakness or blurred

vision.

Data analysis

The intention-to-treat analysis was adopted (White et al., 2011)
in this study. The data of participants unavailable for follow-up
and who either withdrew or dropped out were included in the
original group allocated. Using the last observation carried forward
approach, the final results measured before the participant’s drop-
out was applied in all the following data points. When participants
dropped out from the study after measuring the baseline informa-
tion and were not evaluated again, the baseline was used as the re-
sults throughout the study. In the case of dichotomous results, and
all follow-up data of the control group were assumed the best, i.e.,
not falling, while the intervention group was assumed the worst
as falling.

Statistical analysis was performed using statistical software pack-
age SPSS ver. 18 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov Goodness of Fit Test was used to test the distribution of
the data. One-way analysis of variance (ANOVA) was used to as-
sess demographic data, health information, and baseline outcomes
among groups. For continuous variables, the homogeneity of vari-
ance was performed using Levene test. Binary logistic regression
was conducted to evaluate the relation between the intervention
group and falls. Two-way mixed-design ANOVA with Bonferroni
corrections was performed to analyze the main effects of the groups,
time and the interaction. Partial eta squared determined effect size
of the significant effects. The value of P <0.05 was considered sta-
tistically significant.

RESULTS

The characteristics of the participants in both groups were not
different (Table 1). However, differences were observed for the
global cognition and knee extensors strength at baseline. These
two variables were therefore treated as covariates in the analysis.

There were interactions between groups and times for TUG,
AST, strength of hip, knee, and ankle muscles as shown in Table 2.
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Compared with the control, these physical performance outcomes
of the intervention group were improved significantly at 4 and/or

Tahle 1. Characteristics of older adults with T2DM (n=37)

Characteristic Control (n=15)  Exercise (n=22) Pvalue
Sex, female:male 141 15:7

Age (yr) 72.87+6.42 70.09+4.45 0.129

Duration of DM (yr) 12.87+5.66 15.41+10.22 0.388

MNSI (score) 167+£1.34 150+£1.25 0.702

Orthostatic hypotension 0 0

FBS (mg/dL) 151.87 +46.62 161.73+64.88 0616

HbATc (%) 767+176 8.49+1.82 0172

Body mass index (kg/m?) 24.18+3.78 24.44+3.38 0.828

Falls history (%) 6.7 45 0.787

Values are presented as number or mean + standard deviation.

T2DM, type 2 diabetes mellitus; DM, diabetes mellitus; MNSI, Michigan Neuropa-
thy Screening Instrument; FBS, fasting blood sugar; HbA1c, hemoglobin Alc (gly-
cated hemoglobin).

8 weeks (Fig. 2). At 1 year, the intervention group had better ADL
performance scores (Fig. 3), TUG, and AST (Fig. 2) compared with
the control group. The strength of all muscle groups except hip
flexors also significantly differed between groups (Fig. 2). No dif-
ferences were observed between groups at four and 8 weeks for the
ADL score and the psychological outcomes including the Montre-
al Cognitive Assessment, Patient Health Questionnaire-9, and
Fall Efficacy Scale-International (Fig. 3). Falls history in the previ-
ous 6 months (Table 1) and the falls rate along the follow-up peri-
od were the same between groups (Fig. 3). No adverse events such
as falls, or other injuries were observed during the exercise sessions
and data collection.

Among times assessed, the intervention group had significant-
ly longer TUG at baseline compared with 4 weeks (P <0.001),
8 weeks (P <0.001), and 1 year (P <0.001). The AST at baseline
was significantly longer compared with 4 (P =0.008) and 8 weeks
(P=0.001). The FTSST at baseline was significantly longer com-

Table 2. Comparison of anthropometric, hemodynamic data, cognitive function, depression symptoms, fear of falling, activity of daily living, balance, and muscle

strength between groups (n=37)

Group Time Groupx time interaction
Parameter
F(df) Pvalue  Effect size Fldf) Pvalue  Effect size F(df) Pvalue  Effect size
Characteristic
FBS (mgy/dL) 0.003(1, 35) 0959  <0.001 0.27(1,35) 0610 0.008 1.48(1,35) 0.232 0.041
HbA1c (%) 0.20(1, 35) 0.198 0.047 0.82(1,35) 0.371 0.023 0.58(1, 35) 0.581 0.009
BMI 0.11(1, 35) 0.741 0.003 065(15,526) 0483 0.180 219(15,526)  0.134 0.059
Psychological function
Global cognition (MoCA) (MoCA at 0.02(1,34) 0.893 0.001 0.94(2,68) 0.39 0.027 1.25(2, 68) 0.293 0.035
P0=covariate)
Depression (PHQ-9) 2.86(1,35) 0.100 0.075 1.971(3,105) 0124 0.053 1.18(3, 105) 0.322 0.033
Fear of falling (FES-I) 2.77(1,35) 0.105 0.073 275(27,928)  0.054 0.073 117(2.7,928) 0323 0.032
ADL (Barthel Index) 6.15(1, 35) 0.018* 0.149 1.31(3,105) 0.276 0.036 2.71(3,105) 0.049* 0072
Physical performance
Balance performance
TUG (s) 8.40(1, 35) 0.006* 0194  16.05(28,99.7) <0001* 0314 1256(28,99.7) <0001* 0264
AST (s) 6.43(1, 35) 0.016* 0.155 977(24,853) <0001* 0218 294(24,853) 0048 0007
Muscle strength
FTSST (s) 0.23(1, 35) 0.633 0.007 738(25,87.3) <0001 0174 199(25,873) 0132 0.054
Hip extensors 499(1,350  0.032* 0.125 1.27(3,105) 0.290 0.035 3.78(3,105) 0.013*  0.097
Hip flexars 4.01(1, 35) 0.053 0.103 4.65(3,105) 0.004* 0117 1.29(3,105) 0.281 0.036
Hip abductors 4.94(1,35) 0.033* 0.124 0.91(3, 105) 0437 0.025 1.22(3,105) 0.307 0.034
Knee extensors (KE at PO=covariate) 7.05(1,34) 0.012* 0.172 0.24(1.7,67.4) 0.752 0.007 021(1.7,67.4) 0771 0.006
Knee flexors 6.03(1, 35) 0.019* 0.147 164(1.8,6200  0.205 0.450 050(1.8,620) 0588 0.014
Ankle plantarflexors 13.75(1, 35) 0.001* 0.282 350(204,715) 0035  0.091 179(2.04,715) 0173 0.049
Ankle dorsiflexors 17.89(1,35  <0.001* 0.338 209(26,927) 0114 0.056 0.94(26,927) 0415 0.026

DM, diabetes mellitus; FBS, fasting blood sugar; HbA1c, hemoglobin Alc (glycated hemoglobin); ADL, activity of daily living; MoCA, Montreal Cognitive Assessment; PHQ-9,
Patient Health Questionnaire-9; FES-I, Fall Efficacy Scale-International; TUG, Timed Up & Go test; AST, alternate step test; FTSST, Five-Times-Sit-to-Stand Test; KE, knee exten-

sors; PO, baseline.

*P-value <0.05 significant difference pairwise compared with control group at the same time.
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pared with 8 weeks (P =0.006). Hip extensor strength at baseline
significantly differed compared with 1 year (P =0.002). Hip flexor
strength at baseline significantly differed compared with 4 weeks
(P=0.032). Ankle plantarflexor (P =0.003) and dorsiflexor (P =
0.045) strength at baseline significantly differed compared with
1 year.

All psychological outcomes of the control group were not dif-

https://doi.org/10.12965/jer.2142106.053

ferent except the global cognition. The control group exhibited
significant differences of the global cognition at 4 weeks (P<0.001),
8 weeks (P<0.001), and 1 year (P<0.001) compared with those
of baseline. The intervention group also had significant differences
of global cognition at 8 weeks (P =0.030) and 1 year compared
(P=0.016) with the baseline.
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Fig. 3. The psychosocial function and ADL between older adults with T2ZDM. The line graphs of psychosocial function and ADL between older adults with T2DM
were demented. The psychosocial function, global cognition (A), depressive symptoms (B), fear of falling (C), ADL (D), and fall history and cumulative incidence (E) be-
tween older adults with T2DM were demonstrated. ADL, activity of daily living; T2DM, type 2 diabetes mellitus; MoCA, Montreal Cognitive Assessment; PHQ-9, Pa-
tient Health Questionnaire-9; FES-, Fall Efficacy Scale-International; PO, baseline; P1, 4 weeks; P2, 8 weeks; P3, 1 year after intervention. *P<0.05 showed signifi-

cant difference pairwise compared with control group at the same time.

DISCUSSION

This study showed beneficial effects of the combined training
program on the physical outcomes and ADL. However, the inter-
vention did not bring about significant improvement of psycho-
logical outcomes and falls rate.

Aerobics, resistance, and balance exercise were evidently valu-
able and are commonly recommended as exercise interventions for
T2DM (Colberg et al., 2016). The intervention in this study con-
sisted of aerobic exercise of the large rhythmical activity by 9SSE
and resistance exercise combined with cognitive training. The re-
sults, in line with the previous studies (Colberg et al., 2016; Lee
et al., 2017; Nomura et al., 2018), suggested that these trainings
could improve lower limb muscle strength among older adults
with T2DM and balance impairment. Specifically, moderate- or
high-intensity resistance exercise has been reported as an effective
mean to improve strength and physical function among older peo-
ple with T2DM (Lee et al., 2017; Nomura et al., 2018). Resistance
training is suggested as the counter measure for aging-associated
muscle weakness, attesting to reduce markers of oxidative stress
and improve mitochondrial function (Tarnopolsky, 2009). The
enlarged cross-sectional area of type I and II muscle fibers was also

126 https://mww.e-jerorg

found after 16 weeks of strengthening exercise combined with
standard care among older adults with T2DM (Brooks et al., 2000).
The increases in strength and muscle mass were mediated mainly
via muscle hypertrophy and neuromuscular remodelling (Strasser
and Pesta, 2013).

This study found no differences of the FTSST between groups.
The hip extension range of motion and knee extensor strength
have been shown as the predictors of FISST (Jung and Yamasaki,
2016). In previous study, 12-week leg exercise program could im-
prove muscle strength as identified by FTSST in older people with
T2DM (Hiengkaew et al., 2015). The significant imptove of FTSST
and knee range of motion were found for once-weekly balance re-
training and leg strengthening and endurance exercises for 8 weeks
in adults age 40-79 years old, with DM and DNP (Venkataraman
et al., 2019). However, the different contents of program, duration
of exercise, and age range might be the factors relating to the dif-
ferent results. Moreover, the range of motion of the lower extrem-
ity was not assessed in our study which limited the supposition of
the intervention concerning FTSST.

Balance and resistance training could also improve balance and
reaction time among older people with T2DM (Morrison et al.,
2010). The 9SSE exhibited benefit for balance among older adults
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(Outayanik et al., 2017). The intervention group who practiced
9SSE in this study had better balance performances identified by
TUG and AST compared with the control at all periods of time.

The improved muscle strength in the intervention group might
be the reason for the improved balance performances among par-
ticipants in this study. The relationship of balance and muscle
strength in older adults with T2DM has been reported. The ankle
plantarflexors and subtalar invertors were reported as the predic-
tors, accounting for 49% of the TUG performance (Daubney and
Culham, 1999). One kilogram increase of ankle dorsiflexor strength
could predict 0.4-sec reduction of the TUG scores among older
adults with T2DM (Kraiwong et al., 2019). During swing phase
of gait cycle, the ankle dorsiflexors, together with the hip and
knee flexors, lift the lower limbs allowing clearance of the toes
over the ground (Horak et al., 1989). In older people, the associa-
tion of TUG scores and knee extensor strength was also evident
(Benavent-Caballer et al., 2016). Knee extensor peak torque and
the TUG were significantly improved among older adults after
12 weeks exercise compared with the control group (Avelar et al.,
2016). For the AST, its tasks also need good movement control as
well as the strength of hip flexors and knee extensors (Mian et al.,
2007).

ADL was significantly different between groups at 1 year after
intervention in this study. The intervention group could maintain
their ADL, while the control group gradually declined during the
1-year follow-up. This result showed the same trend in other lon-
gitudinal studies which observed deteriorations of ADL and in-
strumental ADL in older adults (Helvik et al., 2015). Decline in
ADL was associated with cognitive impairment, dementia, poor
medical health, neuropsychiatric symptoms and being transferred
to a nursing home (Helvik et al., 2015). The results might imply
that group-based, physical-cognitive training could benefit older
adults with T2DM to maintain ADL thus, slowing the disability.

The results of this study showed no significant influence of the
intervention on the depression score. This result is consistent with
the findings of two previous studies which found no differences of
depression scores after 8 and 12 weeks of grouped aerobic exercise
among adults with T2DM (Sardar et al., 2014). However, a study
reported a reduced depressive symptoms and physical pain in older
adults with DM who participated for 12 weeks on the moderate-
intensity walking program (Alabarse et al., 2019). The possible
explanation is that most of our participants had none to mild de-
pressive symptoms which might not be changed by the interven-
tion. This study also excluded participants who had significant
pain or musculoskeletal symptoms affecting movements. However,
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a trend of decreased depression symptoms was observed at 4 weeks
after intervention. This might be due to the group-based nature
of exercise which encouraged social interaction and participation
(Blake et al., 2009).

Fear of falling was detected in both groups and did not differ
between groups in our study. Contrast with previous study, 24 ses-
sions of gait and balance exercise alternated with functional strength
and endurance exercises for 12 weeks in older adults with T2DM
could reduce fear of falling after intervention compared with con-
trol group (Allet et al., 2009). Exercise interventions possibly re-
duced fear of falling to a small to moderate degree immediately
postintervention among community-dwelling older people (Kumar
et al., 2016). The immediate effect of the intervention on fear of
falling was unmonitored, so conclusion could not be drawn. The
effect of exercise interventions on fear of falling did not vary by
type, frequency, or duration of exercise (Kumar et al., 2016). The
key components of exercise to reduce fear of falling remains un-
clear. Further studies of exercise intervention on fear of falling are
needed.

Aligned with a previous study (Boa Sorte Silva et al., 2018b),
global cognition did not differ between groups. The physical and
cognitive trainings were found to impact cognition (Joubert et al.,
2018) with variation of intensity and duration of program (Lauen-
roth et al., 2016). The cardiovascular and strength training com-
bined with cognitive training of attention and/or executive func-
tion/working memory was suggested as an integral part of an ef-
fective training program (Lauenroth et al., 2016). Although, the
types of physical exercise and cognitive trainings in this study
might was aligned which the program suggested (Lauenroth et
al., 2016), the effects on cognitive outcomes were not apparent.
The training scheme of 1 to 3 hr weekly for 12 to 16 weeks or
more was suggested to effect the cognitive performance (Lauen-
roth et al., 20106). Therefore, the intervention program in this
study might not be challenging enough to produce significant
improvement. The duration of intervention might also be insuffi-
cient to have any significant impact.

The results showed no differences of falls history and falls rate
over 1-year follow-up period. Although SSE was reportedly effec-
tive in preventing falls by improving balance, preventing fear of
falls, and improving perceived health status among older adults
(Fisseha et al., 2017), the direct outcome as falls rates was not sig-
nificantly different. However, a trend of lower falls rates was ob-
served but the sample size of this study might be too small to show
the significant effect.

There are some limitations of this study. Only older adults with
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T2DM and balance impairment wete included, so the results might
not be generalized to the general population. The main outcomes
of physical performance, psychological function, and ADL were
not monitored through 12 months which limited the marks of
the long-term effects of the intervention program. The sample size
might also too small to show effectiveness of the intervention pro-
gram in some outcomes measured.

In conclusion, the group-based, physical-cognitive training of
24 sessions in 8 weeks could reduce risk factors of falls by improv-
ing balance and lower limb muscle strength among older adults
with T2DM and balance impairment. However, the effects on
falls and psychological outcomes were not observed. The results
therefore partially suggested an effective strategy to promote ac-
tive and successful aging specifically the physical aspects.
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