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Abstract

Introduction. To evaluate the cross-over association of moderate-to-high-intensity interval-training (M-HIIT) and low-frequency
pulsed-electromagnetic field therapy (LFPMT) on functional balance (FB) and ankle-brachial index (ABI) in patients with diabetic
polyneuropathy (DPN).

Methods. Twenty-four participants with DPN, age 40-65 years, 0.6 < ABI < 0.9, were randomly allocated into group A (n =7)
and received M-HIIT followed by LFPMT, group B (n = 9) and received LFPMT followed by M-HIIT, or group C (n = 8) as the control
group. Each of the LFPMT (15 Hz, 20 G, for 24 min) and the M-HIIT was provided twice weekly, for 4 weeks. Variables were
evaluated pre and after 4 and 8 weeks.

Results. After 4 weeks, the FB significantly increased [by 9.08% (p = 0.00) and by 6.82% (p = 0.00)] and the ABI significantly
increased [by 7.84% (p = 0.01) and 12.57% (p = 0.03)], while after 8 weeks, the FB significantly increased [by 13.03% (p = 0.00)
and 11.26% (p = 00)] and the ABI significantly increased [by 10.05% (p = 0.01) and 13.01% (p = 0.01)] in groups A and B, respec-
tively. Significant differences existed between-groups after 4 weeks in the [FB (p = 0.00) and ABI (p = 0.02)], and after 8 weeks
[FB (p = 0.00) and ABI (p = 0.01)]. Post-hoc comparisons revealed the FB most significantly increased (p = 0.001) in group A,
while the ABI more significantly increased (p = 0.02) in group B.

Conclusions. Combined M-HIIT and LFPMT programs were effective in improving FB and ABI. Furthermore, starting the re-
habilitation regimen with M-HIIT followed by LFPMT had a superior effect in improving the FB while starting the program with

LFPMT followed by M-HIIT was more effective in improving the ABI in patients with DPN.
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Introduction

The diabetes is the widely known global metabolic dis-
order, characterised by disturbed insulin action, production,
or both as well as altered carbohydrate, fat and protein me-
tabolism. Diabetes-related disturbances usually exist for
a long time before discovery and definite diagnosis, resulting
in multiple biochemical and functional complications [1]. The
prevalence of type 2 diabetes mellitus (T2DM) is continuously
increasing in an alarming pattern worldwide [2]. Diabetic poly-
neuropathy (DPN) is the most serious complication, commonly
contributing to altered gait and increased fall risk [3]. Varie-
ties of cardiovascular abnormalities are attributed to T2DM,
including disturbed heart rate [4], and abnormally increased
blood pressure [5] in patients with T2DM. Exercise therapy
can enhance blood glucose level in patients with T2DM by
improving insulin action in the contracting muscles [6]. Mod-
erate-to-high-intensity interval training (M-HIIT) is a therapeu-
tic approach commonly utilised in the treatment of patients
with T2DM [7]. Low frequency pulsed magnetic therapy (LFP-
MT) is also an effective modality in the treatment of patients
with T2DM [8] because of its favourable neuro-stimulatory,
vasoactive and analgesic effects [9]. The combined crossover

effects of M-HIIT and LFPMT on functional balance (FB) and
the peripheral arterial function in patients with DPN were not
yet investigated. Therefore, the objective of this study was to
investigate the combined crossover association of M-HIIT
and LFPMT on FB and the ankle-brachial pressure index (ABI)
in patients with DPN.

Subjects and methods
Research design

Single blind, prospective, randomised controlled study
design.

Participants

Fifty-one participants with T2DM and DPN were recruited
via a social media announcement. After medical screening to
confirm the diagnosis, disturbed balance and a peripheral
arterial disorder, twenty-seven patients were initially excluded.
The remaining 24 participants (12 men and 12 women) ful-
filled the eligibility criteria for this study, were randomly allo-
cated by an independent person via a randomiser website
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(https://www.randomizer.org/) into 3 groups: group A (received
M-HIIT for 4 weeks, followed by LFPMT for another 4 weeks;
n =7), group B (received LFPMT for 4 weeks, followed by
M-HIIT for another 4 weeks; n = 9), and group C (control
group; no intervention; n = 8) (Figure 1). A suitable sample size
was computed using the G*Power tool (https://download.
cnet.com/G-Power/3000-2054_4-10647044.html) based on:
power (1 error probability) = 0.95, o = 0.05, effect size = 0.72,
number of measurements = 3, and groups = 3, and a sample
size of 24 participants was determined to provide realistic
results. Based on the inclusion and exclusion criteria, twenty-
four sedentary participants diagnosed with T2DM for more
than 5 years and DPN for more than two years, aged 40-65
years, with 0.6 < ABI < 0.9, treated with oral anti-diabetic drugs
(Biguanide alone or Sulfonylureas along with Biguanide com-
bination) and able to follow instructions were enrolled in the
current study using a simple random sampling technique.
Other patients with type-1-diabetes, or treated with insulin,
pregnant women, patients with serious cardiovascular or mus-
culoskeletal disorders that can negatively impact the patient’s
safety and results’ accuracy, or who had participated rehabili-
tation program within the previous six months were all ex-
cluded from this study.

At the beginning of the study, the participants received
a detailed explanation about the study procedures and objec-
tives and then signed an informed consent agreeing for par-
ticipation in the study and publication of its results. Blinding:
assessors were totally blind to the groups’ allocation and
treatment type. The M-HIIT was applied to all participants by
the same therapist. The LFPMT was also applied by a single
therapist for all patients. Each variable was evaluated by the
same assessor in all participants throughout the study. This
study was conducted between March and August 2022.

51 Patients with diabetic polyneuropathy

were initially screened for eligibility

Outcome measures

The change in the FB (evaluated by the Berg balance scale
score) at 4 and 8 weeks was the primary outcome while the
change of the ABI (calculated by subdividing the lower limb
systolic blood pressure in mmHg by the upper limb systolic
blood pressure) at 4 and 8 weeks was the secondary out-
come measure. The FB and ABI mean values were evalu-
ated at 3 time points throughout the study; at the beginning
of the study (evaluation 1), after 4 intervention weeks (eval-
uation 2), and after 8 intervention weeks (evaluation 3).

Assessment

Demographic data and participants’ baseline
characteristics

The participants of both groups underwent the same bat-
tery of evaluations to confirm the diagnosis of DPN and to
evaluate the study outcomes. Participants’ characteristics,
including body weight (in kg), height and body mass index,
were all evaluated via standardised procedures using a weight
and height scale (Detecto weight scale, USA). The fasting
blood glucose level was evaluated according to the American
Diabetes Association’s guidelines [10], the resting heart rate
(HR rest) and blood pressure were evaluated following es-
tablished guidelines [11], and the DPN was also confirmed
according to a previously reported procedure [10]. The maxi-
mum heart rate (HRmax) was determined according to the
previously published procedure by Kahkha et al. [12] and
using the following formula: HRmax = [208 — (age - 0.7)] [13]
(Table 1).

2 Patients had history of —> ?oPdai:tzr;tseaEg?iger:n?jue

serious cardiac events <— transportation issues
c
2| | 3 Patients were treated —| 3 Patients were on regular
(—3) with insulin therapy <+ aerobic training program
i

2 Patients were unwilling —»| 10 Patients had ankle-

to complete the study <« brachial indices > 0.9

v

24 patients enrolled and underwent baseline pre-study

evaluation (Evaluation 1)

Randomization and
allocation

Allocation

/ Y v\

M-HIIT — moderate-to-high-intensity interval training

|Analysis| |Evaluation | | Intervention

| Group A (n=7) | | Group B (n=9) | | Group C (n = 8) |
I I
4 weeks M-HIIT 4 weeks of LFPMT Not included
followed by 4-weeks followed by 4-weeks in neither LFPMT
LFPMT M-HIIT nor M-HIIT

v

v

v

Post-4-weeks evaluation (evaluation 2), no dropout

.

.

.

Post-8-weeks evaluation (evaluation 3), no dropout

Outcomes data and post-study analysis

LFPMT - low-frequency pulsed magnetic therapy

Figure 1. Patient flowchart
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Table 1. Demographic characteristics of participants in all groups

Group A Group B Group C
Variables (n=7) (n=9) (n=8) F-value p-value
mean + SD mean + SD mean + SD

Age (years) 53.29 + 7.95 55.44 + 6.67 54.38 + 8.28 0.16 0.85**
Weight (kg) 102.07 + 9.05 103.27 + 6.8 102.53 + 8.93 0.4 0.96**
Height (m) 1.65+0.1 1.64 +0.09 1.61+0.1 0.47 0.63**
Body mass index (kg/m?) 37.59 +5.18 38.79 + 4.85 39.9 + 3.65 3.97 0.74*
Diabetes duration (years) 11.57 £ 0.98 11.67+£1.12 11.75+£1.49 0.04 0.96™*
Random blood glucose level (mg/dl) 202.7 £ 12.57 199.56 + 8.6 200.88 + 26.9 0.06 0.94**
HbA1c% 8.74 £ 0.44 8.56 + 0.34 8.85+1.05 0.4 0.63**
Resting heart rate (beat/min) 81.43 £ 3.6 80.44 £2.19 80.25 + 1.39 0.48 0.63**
Systolic blood pressure (brachial, mm Hg) 134.29 + 10.56 137.89 + 6.55 136.88 + 7.61 0.39 0.68™*
Diastolic blood pressure (brachial, mmHg) 78.43 £5.19 83.22 + 4.68 81.13+7.85 1.24 0.31**
Ankle-brachial index 0.85 + 0.05 0.87 £ 0.09 0.87 £ 0.04 0.19 0.83**
Functional balance 47.43 + 1.81 47.67 + 1.58 47.63 £ 1.92 0.04 0.96**
Sex (male : female) 3:4 5:4 4:4

HbA1c — glycosylated haemoglobin
level of significance at p < 0.05, ** non-significant

Functional balance (FB) evaluation

The FB was evaluated at the three time points using the
14-item Berg Balance Scale (BBS) according to previously
published guidelines [14]. Each functional task was scored
from 0 to 4 according to the patient’s performance, where
‘0’ means inability to perform the task and ‘4’ means com-
plete independence in performing the task, then the sum of
all scores were recorded. The BBS required simple instru-
ments, including two standard chairs, a stopwatch and a 15-ft
straight corridor.

Ankle brachial index (ABI) assessment

The ABI was measured according to a previously pub-
lished procedure. After 10 minutes of resting while lying flat at
a room temperature of 23°C, the lower limb systolic blood
pressure (SBP) was evaluated using a suitably sized pneu-
matic cuff (Medasonics Vasculab Mountain view, CA) placed
above the malleoli. It was initially inflated to 20 mm Hg above
the point at which the flow signal ceased and then gradually
deflated at a rate of about 2 mm Hg/s until the flow signal re-
turned. This was recorded using a Doppler ultrasound device
(HADECO Minidop Es-100 VX, Japan), with a hand-held 8-Hz
probe directed to the dorsalis and then to the posterior tibial
arteries in each limb. The same procedure was repeated for
the brachial SBP evaluation bilaterally from the cubital fossae.
The ABI was calculated by dividing the ankle SBP by the
cubital SBP. An ABI value below 0.9 was considered abnor-
mal [15].

Interventions

This study was conducted based on twice weekly ses-
sions, for 8 successive weeks. All participants were instructed
to stabilise their medical treatment (Biguanide or the com-
bined ‘Sulfonylureas and Biguanide’ oral drugs) during the
study. Participants in group A received M-HIIT for 4 weeks,

followed by LFPMT for another 4 weeks. Alternatively, partici-
pants in group B received LFPMT for 4 weeks, followed by
M-HIIT for another 4 weeks. Both programs’ treatment pa-
rameters were identical for both study groups A and B. The
control group (group C) received neither M-HIIT nor LFPMT
throughout the study.

M-HIIT program

A closely supervised M-HIIT program using a standard
treadmill (COSMED T150LC, made in Italy) was conducted.
The interval training intensity was established so that the
participant initially performed a 10-min warm-up (at the be-
ginning of each session) and a 10-min cool-down (at the end
of each session) at 30-50% of HRmax. The warm-up phase
was followed by an active training phase composed of 4 in-
tervals of treadmill walking, 4-min each, at an intensity of 70—
85% of HRmax with a 3-min active recovery interval in between
at 40-50% of HRmax. The training heart rate was continuously
monitored by a pulse oximeter (CMS50DL, China) worn on the
patient’s index finger; the treadmill speed was gradually ad-
justed accordingly to maintain the heart rate within the target
training intensity range. Each participant was directed to
maintain his/her level of perceived exertion within 12-14 on
the Borg scale, which was utilised to monitor the levels of the
participants’ perceived exertion during the treadmill training
sessions.

LFPMT program

Participants in the study groups A and B received a closely
supervised LFPMT program of twice weekly sessions for 4
weeks, according to a previously published procedure [16].
After 10 minutes of rest and confirmation of stability of the
vital signs, the patient sat on a standard 17-inch chair with
both feet resting flat on the ground and received the LFPMT
sessions using an LFPMT apparatus (Easy Qs, ASAlaser,
Italy) with a magnetic field intensity of 20 G, 15 Hz frequency,
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Table 2. Between-group comparisons of ankle-brachial index and functional balance

Group A (n=7) Group B (n=9) Group C (n = 8)
Variables
Eval-1 Eval-2 Eval-3 Eval-1 Eval-2 Eval-3 Eval-1 Eval-2 Eval-3
« |meanz SD | 0.85+0.05 | 0.92+0.91 | 0.94+0.08 | 0.87 +0.09 | 0.98+0.09 | 0.98 +0.07 | 0.87 £0.04 | 0.87 +0.05 | 0.87 +0.04
[0}
_E 12.27,0.01* 6.74, 0.03* 0.1,0.76**
<
5 | 2.46, 017 | 0.15,0.71** | 0, 0.9*
g F, p values
o 15.74, 0.01* 8.51, 0.01* 0.08, 0.93**
=~
< 4.21,0.01*¥
mean + SD | 47.43 + 1.81 | 51.71+£15 | 53.57 +1.13 | 47.67 + 1.58 | 50.89 + 1.05 53 +1 47.63 £ 1.92 | 4788 +1.64 | 47.88 + 2.1
[0}
§ 142.11, 0.00* 78.23, 0.00 0.47, 0.52**
©
° | 21.1, 0.00* | 111.08, 0.00* | 0.00, 1**
S |F, pvalues
-% 110.12, 0.00* 86.43, 0.00* 0.34, 0.72*
c
& 18.73, 00* ¥

Eval-1 — evaluation 1 (pre-study), Eval-2 — evaluation 2 (after four weeks), Eval-3 — evaluation 3 (after eight weeks)

level of significance at p < 0.05
* significant, ** non-significant, ¥ DF = 2.20

for 24 min. The LFPMT plates (Flexa Applicator: 36 x 21 x
2 cm (width x depth x height) — 1.2 kg) were positioned bilat-
erally under both of the patient’s feet for 24 min per session.

Statistical analysis

Collected data were organised in Microsoft Excel 2010
(Microsoft Corporation, Redmond, WA, USA) and were ana-
lysed using the Statistical Package for the Social Sciences
(SPSS) version 20.0 (SPSS Inc., Chicago, IL, USA). The Kol-
mogorov—-Smirnov test procedure assessed the data’s normal
distribution. Descriptive statistics results were expressed as
mean + SD. Changes in mean values of FB and the ABI with-
in and between groups were analysed to test the hypothesis
within- and between-groups across the three evaluation time
points (evaluation 1, evaluation 2 and evaluation 3) using a re-
peated measures ANOVA with two ‘within-subjects’ factors:
treatment (M-HIIT, LFPMT, control) and time (evaluation 1,
evaluation 2, evaluation 3). The confidence level was set at
95% and the level of significance was set at p < 0.05.

Results

Twenty-four participants were included in the study and
underwent the same evaluations. No drop-out was record-
ed throughout the study.

Demographic data and baseline characteristics

The age of the 24 participants was 54.46 + 7.33 years,
weight was 103.09+8.72 kg, height was 1.63 + 0.09 m, body
mass index (BMI) was 38.95 + 4.5 kg/m?, diabetes duration
was 11.67 £ 1.17 y, random blood glucose level was 200.92 +
17 mg/dl, and glycosylated haemoglobin level (HbA1c%) was
8.71 £ 0.67%. The mean changes in the FB and ABI were
analysed and compared at the beginning of the study (eval-
uation 1), after 4 weeks (evaluation 2) and after 8 weeks (eval-
uation 3) (Figure 1).

At the beginning of the study, there were non-significant
differences in the age (in years), body weight (in kg), height
(in metres), BMI (in kg/m?), diabetes duration (in years), ran-
dom blood glucose level (in mg/dl), HbA1c%, Resting heart

rate (in beats/min), brachial systolic blood pressure (SBP,
mm Hg), and brachial diastolic blood pressure (DBP, mm Hg),
(o > 0.05) (Table 1).

Functional balance (FB)
The results revealed that there were non-significant dif-

ferences between-groups in the FB mean values at the be-
ginning of the study (evaluation 1; p = 0.83), while there were
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significant differences between-groups in the FB mean val-
ues after 4 weeks (evaluation 2; p < 0.001) in favour of group A
and after 8 weeks (evaluation 3; p < 0.001) in favour of
group A. Within-groups comparisons after 4 weeks (evalu-
ation 2) revealed that there were significant increases in the
mean values of the FB by 9.08% in group A (p < 0.001) and by
6.82% in group B (p < 0.001). There was a non-significant
increase in the FB within group C (by 0.56%) (p = 0.52). After
8 weeks (evaluation 3), there were also significant increases
in the mean values of the FB by 17.39% in group A (p < 0.001)
and by 11.26% in group B (p < 0.001). There was a non-sig-
nificant increase in the FB within group C (by 1.86%; p =0.72)
(Table 2, Figure 2).

Ankle-brachial index (ABI)

There were non-significant differences between-groups
in the ABI mean values at the beginning of the study (evalu-
ation 1; p = 0.96), while there were significant differences be-
tween-groups in the mean values of the ABI after 4 weeks
(o =0.04) in favour of group B and after 8 weeks (evaluation
3; p = 0.006) in favour of group B.

Within-groups comparisons after 4 weeks (evaluation 2)
revealed that there were significant increases in the mean
values of the ABI by 7.84% in group A (p = 0.01) and by
12.57% in group B (p = 0.03). There was a non-significant
increase in the ABI within group C (by 0.11%; p = 0.9). After
8 weeks (evaluation 3) and there were significant increases
in the mean values of the ABI by 10.05% in group A (o = 0.01)
and by 13.01% in group B (p = 0.01). There was a non-sig-
nificant increase in the ABI within group C (by 0.13%; p = 0.93)
(Table 2, Figure 3).

Discussion

The purpose of this study was to explore the crossover
associations between LFPMT and M-HIIT programs and FB
and ABI in patients with DPN. The results clarified the benefi-
cial crossover effects of the LFPMT and M-HIIT programs on
the evaluated variables.

It is well-known that the T2DM and DPN are usually as-
sociated with deteriorated peripheral vessel function [17],
impaired FB and reduced physical abilities [18]. Exercise
training can ameliorate these harmful effects by improving
the glycaemic control and reducing the cardiovascular dis-
ease risk in patients with T2DM [19]. It is also important to
target improving the peripheral circulation in patients with
T2DM to prevent neural tissues ischemia, which is the pri-
mary cause of DPN [20].

Regarding to the results of the current study, the effects
of the M-HIIT on the ABI were supported by previously pub-
lished results by Gibbs et al., who stated that being physically
active is associated with greater improvement in the ABI,
especially in patients with retarded ABI values [19]. This sug-
gests that patients with T2DM can effectively attenuate the
process of ongoing declines in the ABI through exercise train-
ing, which supports the concept of prescribing exercise for
those patients.

The significant increases in the ABI in response to the
M-HIIT during the current study can be attributed to im-
proved lower limb haemodynamics [21] and enhanced en-
dothelial function [22]. The M-HIIT-related improvement in
the peripheral vascular function can also be attributed to the
increased skeletal muscle oxidative metabolism [23], altered
blood inflammatory properties [24] and increased walking
efficiency [25]. Furthermore, this increase in the ABI may be

due to the supportive effects of the exercise training that ef-
fectively improve the peripheral microcirculation, increase cell
proliferation and neural regeneration [8], and so enhance the
function of the peripheral vessels.

Interval training is associated with a significant improve-
ment in varieties of T2DM-related symptoms [26]. Addition-
ally, a well-designed aerobic exercise training program for
people with T2DM is associated with improving peripheral
insulin sensitivity [27]. Furthermore, aerobic exercise can ef-
fectively improve glucose tolerance and insulin activity [28], as
well as increasing the glucose clearance in people with T2DM
throughout the body under hyperglycaemic conditions [29].

LFPMT is a safe and commonly utilised procedure in the
treatment of varieties of musculoskeletal and neuromuscu-
lar disorders [30]. The patients with DPN who received the
LFPMT first showed more improvements in the ABI than those
who received the M-HIIT program first. The overall reduction
in systematic blood pressure as well as enhanced endothe-
lial vascular function are documented effects of LFPMT, which
can favourably impact the peripheral vascular function in pa-
tients with peripheral vascular disease [31]. The favourable
LFPMT-related effect on the ABI can be attributed to the lo-
cal arteriolar vasodilating effect [32], and neural-enhanced
function through improving the neural cell power and me-
tabolism [33]. LFPMT can effectively reduce the peripheral
neural hypoxaemia, improve the peripheral microcirculation
[8], and augment the microvascular recruitment [34] in pa-
tients with DPN. The ischemia-opposing effect produced by
LFPMT assists in enhancing the neural conductivity, positively
alters the peripheral nerve membrane potential and, hence,
improves the peripheral neural functions [35].

LFPMT counteracts the peripheral vascular ischemia
through enhancing endo-neural blood flow and microcircu-
lation [36], stimulating neural regeneration, recovery and im-
proving peripheral nerve function in patients with DPN [37].
Furthermore, the positive LFPMT-related results can also be
attributed to its favourable effects in pain and oedema reduc-
tion, increasing cellular oxygenation, and eliminating free
radicals and toxins. LFPMT can favourably accelerate cell
growth and activity and improve the heart rate and blood
pressure [38].

The results of the current study were also supported by
the results of Abdelaal and Abdelgalil [16], who clarified that
LFPMT had beneficial effects on balance and physical per-
formance in patients with DPN. The results also agree with
Filimban et al. [39], who reported that LFPMT has important
implications in improving the balance in patients with diabetic
polyneuropathy. LFPMT proved effective in improving bal-
ance in patients with DPN. A possible explanation for this is
that frequency-modulated electromagnetic neural stimula-
tion enhances many parameters of peripheral nerve function,
such as increasing the sensory-tactile cognition and motor
nerve conduction velocity [40]. In contrast, two randomised
controlled and one systematic review studies could not con-
clude significant pain-relieving effects of LFPMT in patients
with DPN [41-43], this conflict can be resolved when consid-
ering the methodological and treatment differences, the short
exposure time, and the relatively small participant numbers
in these studies [43].

Limitations

Despite the important practical message provided through
this study, generalising its results should be handled with
caution because of the relatively small sample size in each
group and relatively short treatment duration. More studies
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are required, withlarger samples sizes, and longer study du-
rations, to provide more robust outcomes. The functional bal-
ance evaluation was limited to using the valid and reliable
Berg balance scale, while other balance evaluation tools
were out of the scope of this study. Further studies are war-
ranted to overcome these limitations.

Conclusions

Both the M-HIIT and LFPMT treatments were found effec-
tive in improving FB and alleviating the burden of peripheral
arterial disease (PAD) in patients with DPN. The consecutive
application design of the M-HIIT and LFPMT procedures
greatly benefitted the patients with DPN. Furthermore, when
the priority is to manage the deteriorated FB, M-HIIT should
be initially considered, followed by LFPMT. When the target is
to modulate the severity of PAD and enhance the ABI, LFPMT
is advisable to be initially applied, followed by M-HIIT in pa-
tients with DPN.

Practical message

Success in achieving target goals in the treatment of pa-
tients with DPN can be simply achieved by considering the
proper selection of the therapeutic procedure as well as the
timing of its application. Both M-HIIT and LFPMT proved their
benefits in patients with DPN, but the achievement can be
magnified through their combined, well-designed, consecu-
tive application. If the target is to alleviate the PAD burden and
improve the peripheral circulation in patients with DPN, it is
advisable to start with LFPMT, but if we intend to enhance
the FB, it is better to start with M-HIIT.

What is already known on this topic?

There is sufficient evidence that M-HIIT and LFPMT can
separately and effectively benefit patients with T2DM and DPN,
but the combined association effects of both on FB and ABI
in patients with DPN is a recent topic.
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