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Home-Based Foot-Ankle Exercise (HBFAE) can train all leg muscles by combining the four
types of exercises (stretching, strengthening, resistance, and balance exercises) compared to
conventional diabetic foot exercises.

Objective: The purpose of this study was to determine the effectiveness of HBFAE on the
Ankle Brachial Index (ABI) value in patients with type 2 diabetes.

Materials and Methods: This is a randomized clinical trial on 38 patients with type 2
diabetes (19 in the intervention group and 19 in the control group). The intervention group
received HBFAE, while the control group received the conventional diabetic foot exercise.
The exercises for both groups were performed at 24 sessions (once a day, five times a
week). A calibrated sphygmomanometer and 8-MHz portable Doppler probes were used
for ABI measurement. Paired t-test and independent t-test were used to analyze the ABI
differences within and between groups. Multiple linear regression analysis was used to
find the predicting variables.

Results: The majority of respondents in both groups were male (57.9% in the intervention
group and 68.4% in the control group), with a history of foot ulcers (84.2% in the
intervention group and 89.5% in the control group). Both HBFAE (P=0.001) and control
(P=0.003) groups showed a significant increase in the ABI value after intervention. The
HBFAE showed a significantly greater effect on the ABI value (72%) than the diabetic foot
exercise (14%). The regression model showed that blood sugar level, duration of DM,

Keywords: history of smoking, and history of foot ulcers were not significantly associated with the
Ankle Brachial Index (ABI), changes in the ABI value (P>0.05).

Home-Based Foot-Ankle Conclusion: The HBFAE is recommended for patients with type 2 diabetes to prevent foot
Exercise (HBFAE), Type 2 vascular complications, since it is easy to implement and can be performed independently
diabetes : at home.
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@ Diabetes patients with no physical activity are at risk of PAD.

e Patients with conventional diabetic foot exercises still have low ABI values.

e The HBFAE is more effective than conventional diabetic foot exercises in improving the ABI value.

Plain Language Summary

Diabetic patients who have routinely performed diabetic foot exercises (standard therapy) with the correct
technique, duration, and frequency still feel a decrease in peripheral perfusion, because diabetic foot exercises only
train the ankle muscles, while in diabetic patients with macrovascular complications, vascularization disorders are not
only seen in the ankle area, but also in the foot. In this study, we aimed to determine the efficacy of Home-Based Foot-
Ankle Exercise (HBFAE), which can train all foot muscles. The results showed a significant increase in the Ankle Brachial
Index (ABI) value after HBFAE and diabetic foot exercises, with a greater improvement after HBFAE. Therefore, HBFAE
is more effective than standard diabetic foot exercises in improving the ABI value of diabetic patients.

Introduction

ncontrolled blood glucose is a major risk

factor for complications in patients with

Diabetes Mellitus (DM), including those

with Peripheral Arterial Disease (PAD) and

Diabetic Foot Ulcers (DFUs). Physical exer-
cise is a key non-pharmacological therapy to improve
glycemic control and peripheral circulation [1, 2]. Dur-
ing the COVID-19 pandemic, reduced physical activ-
ity among DM patients further heightened the risk of
foot complications, drawing attention to home-based
interventions [3, 4]. Globally, the prevalence of DM is
rising rapidly, projected to reach 21.3 million by 2030
[5]. In Indonesia, the national DM prevalence increased
from 6.9% in 2013 to 8.5% in 2018, with Denpasar in
Bali reporting the highest rate (2%) [6]. PAD affected
approximately 236 million individuals aged 240 years
worldwide in 2019, predominantly in low-income coun-
tries [7]. In Indonesia, the incidence rate is 13,807 per
one million population [6]. PAD in DM patients, if un-
addressed, leads to reduced Ankle Brachial Index (ABI)
values and a higher risk of DFUs [8, 9].

Standard diabetic foot exercises, commonly promot-
ed in health services, focus primarily on ankle move-
ments and lack components needed to improve circu-
lation throughout the foot. In contrast, Home-Based
Foot-Ankle Exercise (HBFAE) targets all foot and ankle
muscles [10, 11]. The difference between the HBFAE
and the standard diabetic foot exercise is that the latter
consists of only two exercise categories, namely stretch-
ing and strengthening exercises, which are further di-

vided into five types of exercise, whereas the former
consists of four exercise categories, namely stretching,
strengthening, resistance, and balance exercises, which
are further divided into ten types of exercise. This is in
line with Colberg et als recommendations, emphasiz-
ing the combination of aerobic, resistance, and flex-
ibility/balance exercises for optimal outcomes [12]. A
preliminary study revealed that, although the patients
regularly performed standard foot exercises, many con-
tinued to experience foot complaints such as numbness
and tingling. Respondents expressed the need for more
effective exercise methods that could strengthen the
calf, foot, and ankle muscles [13, 14]. A study suggested
that resistance training may positively affect both vas-
cular and neurological outcomes in DM patients [15].
Resistance training can significantly improve muscle
strength, dynamic balance, and physical function in DM
patients with comorbid knee osteoarthritis [16].

The results regarding the HBFAE effects are contradic-
tory. For example, Silva et al. reported that an 8-week
HBFAE did not significantly reduce modifiable DFU risk
factors, though it helped maintain gait stability over 16
weeks [13]. Given these discrepancies, further investi-
gation is needed to assess the potential benefits of HB-
FAE, particularly regarding its impact on the ABI value.
Therefore, this study aims to evaluate the effectiveness
of HBFAE in improving ABI values of patients with Type
2 DM (T2DM).
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Materials and Methods

This is a randomized clinical trial that follows the CON-
SORT 2010 guidelines [17]. Participants were 40 pa-
tients with T2DM who visited the Diabetes Polyclinic in
Denpasar and Badung Regency, Indonesia, for diabetes
control. They were included in the study after signing an
informed consent form and meeting the following inclu-
sion criteria: Having an ABI value <0.9 in one or both
extremities, experiencing one or more peripheral perfu-
sion complaints in the foot (such as tingling, numbness,
burning sensation, and feeling as if wearing socks), abil-
ity to walk without assistance for at least 10 m, age 40-
65 years, having at most one amputated toe (other than
the hallux), residency in Denpasar and Badung Regency,
Indonesia (study location), and having at least one fam-
ily member willing to supervise the exercise interven-
tion. The exclusion criteria were having an active plantar
ulcer (diabetic foot) and a history of surgery to the knee,
ankle, or hip. Participants were then randomly assigned
to equal groups: 20 in the intervention group and 20 in
the control group. Randomization was carried out by an
individual independent of the research team using the
block randomization method. Each block contained four
subjects, resulting in six variations of blocks. Both the
researchers and participants were unaware of the group

October 2025, Volume 35, Number 4

allocation. The computer-generated random numbers
were placed in an opaque envelope and assigned based
on the respondent’s arrival sequence number. Two par-
ticipants left the study. Finally, 38 participants were as-
sessed: 19 in the intervention group and 19 in the con-
trol group (Figure 1).

To estimate the sample size, we used the following
parameters adapted from a similar study conducted by
Barone Gibbs et al. [18]. The standard deviation of the
intervention and control groups was considered 0.14
and 0.02, respectively. The combined standard devia-
tion of both groups after calculation was 0.095, and the
mean difference between the intervention and control
groups was 0.115. Type | error was set at 5% (two-tailed
hypothesis), resulting in Za=1.96, and Type Il error was
set at 10%, resulting in ZB=1.645, considering a test
power of 80%. The sample size was then estimated to
be 36 participants, and 10% was added to account for
potential dropouts, resulting in an estimated sample
size of 40.

Three instruments were used in this research: a ques-
tionnaire surveying the respondent’s characteristics,
including gender, smoking history, and hypertension
history, a calibrated glucometer for blood glucose mea-

Enrollment

Assessed for eligibility (n=43)

Excluded (n =3)

Randomized (n = 40)

y

Figure 1. CONSORT diagram of study

Allocation
Intervention group (n=20) Control group (n=20)
* Received HBFAE * Received diabetic foot exercises
Follow-Up
Lost to follow-up (n=1) Lost to follow-up (n=1)
- Hospitalization for benign prostatic - hospitalization for surgery to install an
hypertrophy arteriovenous shunt due to kidney failure
A Analysis
Analyzed (n=19) | I Analyzed (n=19)
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surement, and a calibrated sphygmomanometer and
8-MHz portable Doppler probes for ABI measurement.
The sphygmomanometer was calibrated by compar-
ing its measurements with those of a verified standard
mercury sphygmomanometer, performed by trained
personnel. The 8 MHz portable Doppler was calibrated
by checking the sound quality and accuracy of pressure
readings, ensuring that the device could clearly detect
blood flow. Recalibration was performed weekly during
the data collection period to maintain measurement con-
sistency. The assessors, who were not involved in deliv-
ering the intervention, conducted the pre-test and post-
test ABI assessments. The assessors were blinded to the
group allocation. They were previously trained on how
to measure ABI, and their inter-rater agreement was as-
sessed using the kappa test (kappa value=0.874). The ABI
measurement was taken one day before the intervention
(pre-test) and one day after the 24" intervention (post-
test). Researchers checked blood sugar twice a week be-
fore exercise and when there were signs & symptoms of
hypoglycemia in patients (they had previous education
about the signs and symptoms of hypoglycemia, and
its prevention and treatment methods). For those with
blood glucose levels <100 mg/dL, training was delayed,
and hypoglycemic therapy was administered first.

The intervention group was asked to perform the HB-
FAEs, including four exercises divided into ten types.
These exercises included foot/ankle stretching and ankle
range-of-motion exercises, foot/ankle strengthening,
foot/ankle resistance training, and balance exercises. The
HBFEAs were performed once a day, 10 movements of
3-5 minutes each day (total time=30-50 minutes per exer-
cise). The control group performed the standard diabetic
foot exercise, which consisted of seven types of exercis-
es. Both groups underwent treatment five times a week
for 24 sessions (5 weeks). The researchers monitored the
implementation of the HBFEAs and diabetic foot exer-
cises by visiting the respondents’ houses twice a week,
or through videocalling a family member, three times a
week. Two co-researchers who already had a good clini-
cal practice certificate assisted the researchers. Research
assistants assisted the main researcher in training, super-
vising, and conducting home visits to observe the imple-
mentation of the HBFEA and diabetic foot exercises. The
level of agreement between the researchers and assis-
tants regarding the implementation of the HBFEA and
diabetic foot exercises was tested using the Kappa test.
The kappa coefficient value obtained for the agreement
between the main researcher and assistant 1 was 0.794
(>0.6), and the kappa coefficient value between the main
researcher and assistant 2 was 0.659 (>0.6).
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The statistical analysis was performed in SPSS soft-
ware, version 23. frequency and MeanSD were used
to describe the data. Furthermore, differences in the
ABI values after treatment between the control and in-
tervention groups were determined using an indepen-
dent t-test. Differences in ABI values within groups were
analyzed using a paired t-test. P<0.05 was considered
statistically significant. The data for the normal distri-
bution were tested using the Shapiro-Wilk test. The N-
gain score was calculated to assess the effectiveness of
therapy based on the ideal ABI value. The multivariate
regression analysis was used to find the variables that
can predict the changes in ABI values.

Results

During the research process, none of the respondents
experienced injuries or complications from the exercise
intervention. The demographic/clinical characteristics
of the participants, including gender, smoking history,
history of foot ulcers, and history of hypertension, are
shown in Table 1. The majority of respondents in both
groups were male (57.9% in the intervention group and
68.4% in the control group), with no smoking history
(73.7% in the intervention group and 57.9% in the con-
trol group), with no history of hypertension (68.4% in
the intervention group and 57.9% in the control group),
and with no history of foot ulcers (84.2% in the inter-
vention group and 89.5% in the control group). The
results of the chi-square test showed no significant dif-
ferences between the two groups in terms of gender,
smoking history, hypertension history, and history of
foot ulcers. Other respondent characteristics, including
random blood glucose levels and DM disease duration,
are presented in Table 2. The mean blood glucose level
was 147+23.21 mg/dL in the intervention group and
168+33.17 mg/dL in the control group; and had been
diagnosed with diabetes for 6 years (intervention and
control group).

The mean ABI values for the intervention and control
groups are presented in Table 3. The results of the inde-
pendent t-test indicated that both therapies increased
the ABI value significantly (P<0.05), where the differ-
ence in mean ABI value in the intervention group was
greater than that in the control group (0.15 vs 0.03).
In the N-gain score test, the ideal ABI value was de-
termined to be 1.1. According to the N-gain score test
results, the HBFAE had an effectiveness score (effect
size) of 0.72 (72%), which suggests that the therapy
was highly effective (g>0.7), whereas the diabetic foot
exercise had an effectiveness score (effect size) of 0.14,
indicating that the standard diabetic foot exercise was
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Table 1. The demographic/clinical characteristics of the participants
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No. (%)
Variables P
Intervention (n=19) Control (n=19) Total (n=38)

Male 11(57.9) 13(68.4) 24(63.2)

Gender 0.501
Female 8(42.1) 6(31.6) 14(36.8)
Yes 5(26.3) 8(42.1) 13(34.2)

Smoking history 0.305
No 14(73.7) 11(57.9) 25(65.8)
Yes 6(31.61) 8(42.1) 14(36.8)

Hypertension history 0.501
No 13(68.4) 11(57.9) 24(63.2)
Yes 3(15.8) 2(10.5) 5(13.2)

Foot ulcer history 0.900
No 16(84.2) 17(89.5) 33(86.8)

‘Chi-square test.

not effective (g<0.3). The mean difference in ABI value
between the intervention and control groups after in-
tervention was significant (Mean difference=0.12, 95%
Cl; 0.08%, 0.17%, P=0.001), as shown in Table 4.

The results of multivariate regression analysis are pre-
sented in Table 5. In the final regression model, four
confounding variables with a difference >10% in OR dur-
ing the variable selection process were included. The
results showed these four variables (random blood glu-
cose level, DM duration, foot ulcer history, and smoking
history) did not have any significant association with the
ABI value (P>0.05).

Discussion

This study found that the HBFAE was more effective
than the standard diabetic foot exercise in increasing
the ABI value. The greater effectiveness of HBFAE can
be attributed to its comprehensive structure, which
includes stretching, strengthening, resistance, and bal-

ance exercises. These components target all foot and
ankle muscles, enhancing both local and systemic vas-
cularization [13, 19]. Several studies have also reported
the benefits of resistance and balance exercises in im-
proving muscle strength, foot function, and circulation.
According to Chen et al. resistance training with Thera-
Band could increase muscle strength, dynamic balance,
and physical function, but its effect on the ABI value was
not evaluated [16]. Gholami et al. demonstrated that
a resistance-based program significantly improved the
ABI values [15]. Similarly, Silva et al. reported improve-
ments in proprioception, peripheral nerve sensitivity,
and gait through balance exercises. However, although
an 8-week HBFAE maintained gait stability, it did not sig-
nificantly reduce modifiable risk factors for DFU [13]. Li
et al. found that combining the ABI with the percentage
of mean arterial pressure at the ankle significantly im-
proved the prediction of all-cause mortality in patients
with T2DM compared to using the ABI alone [20].

Table 2. Mean blood glucose level and DM duration in two study groups

95% CI
Variables Groups MeaniSD P
Upper, Lower
Intervention 147.26+23.21 136.08, 158.45
Random blood glucose level 0.090
Control 168.58+33.17 152.33,184.83
Intervention 6.1611.6 5.38,6.93
DM duration 0.086
Control 6.26+2.45 5.08, 7.44
‘Independent t-test.
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Table 3. Differences in the ABI value before and after treatment in the study groups (n=19)

Variable Groups Time MeantSD df t MD (95% Cl) P Effect Size
Before 0.85+0.03
Intervention 18 8.15 0.15(0.11, 0.19) 0.0001 0.72
After 1.01+0.08
ABI
Before 0.87+0.02
Control 18 3.38 0.03 (0.01, 0.05) 0.003 0.14
After 0.9040.04
ABI: Ankle brachial index, MD: Mean difference.
*Paired t-test.
Table 4. Differences in the changes in ABI value after intervention in the study groups (n=19)
Variable Groups MeanzSD df t MD (95% Cl) P
Intervention 0.15+0.08
ABI 36 5.93 0.12 (0.08,0.17) 0.001
Control 0.03+0.04

ABI: Ankle brachial index, MD: Mean difference.

‘Independent t-test.

Resistance training promotes neurovascular recovery
by increasing Schwann cell proliferation and neuro-
trophin expression, while balance exercises improve
foot structure, motor neuropathy, and venous return.
These combined effects may explain the enhanced ABI
scores after HBFAE in our study. Furthermore, the HB-
FAE provides systemic benefits by enhancing cardiac

output and skeletal muscle blood flow, reducing fall
risk, and modulating oxidative stress [12, 21, 22]. Our
findings also align with Roy’s adaptation model of nurs-
ing, demonstrating that continuous exercise can foster
adaptive behaviors in patients, improving their physi-
ological and behavioral responses to diabetes-related
stimuli [23, 24].

Table 5. Coefficients of multivariate regression models for the variables predicting the change in the ABI value

95% Cl
No. Variables B SE P
Upper, Lower
1 Hypertension history (yes vs no) -0.084 -2.546, -2.406 0.036 0.667
2 = Smoking history (yes vs no) -0.237 -0.321,-0.152 0.043 0.307
S
3 g Foot ulcer history (yes vs no) -0.124 -0.216, -0.031 0.047 0.488
—
4 % Gender (male vs female) -0.252 -0.332,-0.171 0.041 0,259
5 = Random blood glucose level -0.295 -0.296, -0.293 0.001 0.129
6 DM duration -0.297 -0.314,-0.279 0.009 0.138
1 _ Random blood glucose level -0.218 -0.218,-0.219 0.0001 0.199
2 % DM duration -0.250 -0.265, -0.234 0.008 0.186
3 % Foot ulcer history (yes vs no) -0.113 -0.203, -0.023 0.046 0.517
4 = Smoking history (yes vs no) 0.092 0.023,0.161 0.035 0.628

DM: Diabetes melitus.
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This study had limitations in controlling other physi-
cal activities performed by patients at home, which
may have influenced the results. Additionally, due to
incomplete or outdated HbAlc and lipid profile data,
these variables were excluded, despite being highly rel-
evant to diabetes complications. Patients with T2DM
are recommended to regularly perform HBFAE as part
of efforts to prevent diabetic foot complications. This
exercise program is easy to do at home and does not re-
quire direct supervision, thus promoting patients’ inde-
pendence in self-care. Healthcare facilities and profes-
sionals need to provide clear and structured education
on the steps of performing HBFAEs and their benefits
for foot circulation and overall health. Diabetic patients
are encouraged to involve their families in supporting
the implementation of this exercise program at home to
ensure higher consistency and adherence.
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