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ABSTRACT

Aim/Background: Peripheral Arterial Disease (PAD) affects the lower limbs. Globally there
is a growing disease burden among the patients suffering from cardio-vascular disease and
metabolic disorders. The purpose of this review is to generate evidence on the efficacy of CAM
therapies in PAD. Materials and Methods: This systematic review was performed across the
five electronic databases i.e. PubMed, Cochrane Central Register of Controlled Trials (CENTRAL),
Ovid SP, ISI Web of Science, Elsevier Science Direct, and Wiley Online Library as per the PRISMA
guidelines from inception till April 2022. Results: After screening n=55,410 articles, n=77
articles were found to fulfill the eligibility criteria and were selected for this review. The nature
of interventions investigated in the clinical trials were physical interventions including exercises
of different forms, oral supplements, and other interventions such as chelation therapy, Tai
Chi Chuan (TCC), Intermittent Mechanical Compression (IMC) device, connective tissue reflex
massage, Remote Ischemic Preconditioning (RIC), Transcutaneous Electrical Nerve Stimulation
(TENS) and heat therapy. Upon final assessment, it was revealed that physical activity had a
positive effect on peripheral arterial disease patients’ quality of life. In addition,Ginkgo biloba and
nitrate supplements were found effective for Intermittent Claudication (IC) and PAD patients.
Conclusion: This review suggests a positive impact of physical activity on peripheral arterial
disease patients’ quality of life. Evidence also shows that Physical activity/ exercise-based
intervention alone or in combination with the supplement is found to be effective among PAD
patients and has shown significant results in intermittent claudication.
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INTRODUCTION

Peripheral Arterial Disease (PAD) is atherosclerotic of arteries)
(i.e. the abdominal aorta, iliac, and arteries of the lower limbs)
which leads to the narrowing and blocking of arteries."»* PAD
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is more prevalent in the lower extremities and narrowing or
blockage of the vessels resulting in pain, aches, or cramps with
walking (claudication) can happen in the buttock, hip, thigh,
or calf’ Globally more than 200 million people are affected
PAD.**{Fowkes, 2013 #468} Negligence in timely diagnosis is
one of the main factors which result in complications such as
Claudication,® rest pain, and ulcers due to ischemia,” recurrent
hospitalization, revascularization,® and even loss of limbs.’
In addition, PAD doubles the risk of myocardial infarction,
stroke, and cardiovascular death, and the all-cause mortality is
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increased as compared to patients without PAD.'*'* According
to the World Health Organization (WHO), it is estimated that
58% of all the deaths in low-middle-income countries are due
to non-communicable diseases, and among them, the highest
rate of death i.e. 29% is due to cardiovascular diseases.”” The
management and treatment option available for PAD range from
effective management of modifiable risk factor,' pharmacological
therapy,'® and surgical or endovascular interventions.? However,
it is observed that most of the PAD patients use Complementary
and Alternative Medicine (CAM) instead of conventional
treatment. As per the definition of CAM by Cochrane
Collaboration “Complementary and alternative medicine (CAM)
is a broad domain of healing resources that encompasses all health
systems, modalities, and practices and their accompanying theories
and beliefs, other than those intrinsic to the politically dominant
health system of a particular society or culture in each historical
period.'* CAM includes all such practices and ideas self-defined
by their users as preventing or treating illness or promoting
health and well-being”"” Some of the common practices that
are practiced worldwide are aromatherapy, exercise, massage
therapy, phytotherapy, yoga, acupuncture, herbal medicine and
many others.'*!*?! Reasons for use of CAM includes cultural and
historical values, lack of access to conventional therapy, or the
expenses associated with the cost of modern treatments.

Therefore a substantial number of the patients suffering from
chronic diseases are more inclined towards the use of CAM.*
From the literature it is evident that a huge variety of CAM is
used by patients suffering from PAD. Some of the CAM was also
investigated as comparative intervention alone or in conjunction
with the medical interventions. However, to date there is a lack
of any systematic evidence that sums up all the published articles
and concludes about the effectiveness of CAM in PAD. Hence
the purpose of this review is to explore various CAM therapies
available and to generate evidence that these therapies are
effective for managing the disease.

MATERIALS AND METHODS

Systematic reviews are an ideal approach when there is huge
information in a body of literature on a given topic and the
researcher are aiming to get an opinion/ overview regarding
the volume of literature and studies in line with the focus of the
question under investigation. It is a useful scientific method for
the investigative or emergent evidence when it is still unclear and
more precise method i.e. systematic review with a very specific
question cannot be implemented.*

This review was performed according to PRISMA guidelines.
An online systematic literature search was done from the time
of database inception till April 2022. Five electronic databases
i.e. PubMed, Cochrane Central Register of Controlled Trials
(CENTRAL), Ovid SP, ISI Web of Science, Elsevier Science
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Direct, and Wiley Online Library. The search terms were
“Alternative medicine” or “Complementary medicine” or
“Dietary supplements” or “Herbal medicine” or “Phytotherapy”
or “Homeopathy” or “Acupuncture” or “Padma 28” or “Gingko
biloba” or “Chelation therapy” or “Medicinal plants” or “Massage
therapy” or “Exercise Therapy” and “Peripheral arterial disease”
or “Peripheral arterial occlusive disease” or “Intermittent
Claudication” or Chronic limb-threatening ischemia. The
protocol for this review is published at INPLASY systematic
review registry [Reg No. INPLASY202330001, DOI number is
10.37766/inplasy2023.3.0001].%

Inclusion and Exclusion Criteria

PICOT framework was adopted to define the inclusion criteria
(Table 1). All randomized control trials evaluating the effect of any
CAM therapy for PAD patients published in the English language
were included in this review. All Cross-sectional study, Cohort
study, longitudinal study, Case reports, case series, systematic
reviews, Meta-analysis, letters to editors were excluded from this
review.

Study Selection

The titles and abstracts of the studies were screened to determine
whether they met the inclusion criteria. In circumstances where
further information was required to decide the full text of the
article was read. Any conflict regarding the selection of study was
resolved with mutual consensus. Authors were also contacted in
the case if some further information was required.

Data Extraction

Expert panel was comprised of three member (Mohammed
Kanan Alshammari, Khansa Hamza Hussain and Abdullah Ayed
Alshammari) who were responsible for resolving conflict among
the authors regarding the data extraction and risk of bias and
also assisting in deciding the type of data to be extracted and
finalization of the data extraction sheet. Remaining members
were divided in to three groups (each comprised of four
members), each group was assigned the final papers for extraction
on the physical intervention, supplements and miscellaneous
therapies. A structure data extraction format was used to gather
information required for the review. Main information that was
extracted was author’s name, publication year, study title, place
of study, study design, population characteristics (sample size
and mean age), duration of study, intervention comparator, and
outcome. The outcomes were addressed as changes in parameters
from baseline until the end of the intervention for both the
control/placebo and intervention groups. In addition, any other
relevant information which was noticed to be relevant to the
scope of this systematic review was extracted and discussed in
the results section.
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Risk of Bias (Quality) Assessment

The risk of bias assessment is one of the essential parameters
in concluding about the quality of the clinical trials (Cochrane
Chapter 8).** As per the recommendation of Cochrane, risk of
bias tool for the clinical trials? was used. Data from the individual
clinical trials were extracted and initial assessment was completed
by the assigned group regarding the six i.e. sequence generation,
allocation concealment, blinding, incomplete outcome data,
selective outcome reporting, and other issues. The assessment
was independently conducted by two groups of researchers and
verified by the others and the grading for each domain was done
using Cochrane guidelines in to “high risk,” “low risk” or “unclear

risk”. If the bias would seriously alter the results, then it was rated
as high risk. If the bias was unlikely to affect the results, then low
risk, and if the effects of bias on results were unclear then the
unclear risk of bias. Any conflict in determining this risk by the
two groups was resolved with mutual consensus by the expert
panel.

Data Analysis

Both qualitative and quantitative approach as recommended by the
Cochrane was adapted to summaries the result of this systematic
review. To ensure the better presentation of the results section,
all the studies were broadly classified into three categories i.e.,

(=
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3 Records Identified through Database Nl Sk
£ Search . asp
€ n =55,410
=
(| . Duplicates Excluded
i n = 25,839
TitlefAbstract Screening
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Excluded Records following Title &
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Language other than English n = 17
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Figure 1: PRISMA flow diagram.
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Figure 2: Risk of Bias of Individual Studies.
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physical intervention, oral supplements, and other interventions.
This classification was based on the interventions used among
the selected studies. Further sub-group classifications were also
done where necessary to create a pool of studies with similar
interventions so that the combined effect could be estimated. The
interpretation was performed using evidence-based medicine
guidelines by Cochrane. Data analysis for risk of bias was done
using Microsoft Excel 365 and Review Manager 5.4.

RESULTS

Upon comprehensive search across the selected databases
55,640 articles were identified. These articles were transferred
to ENDNOTE version 19° and duplicates were removed. A total
of 25,839 articles were duplicated and were removed. After that
in depth screening of articles were performed and 29,801 Titles/
Abstracts were screened of whom 233 studies were selected
for full text screening. Finally, 77 studies were included in this
systematic review as they met the inclusion criteria as shown in
the PRISMA flow diagram (Figure 1). Description of Included
Studies:

Upon assessment it was revealed that n=66""* were parallel
design RCTs while n=11*"% were crossover design RCTs. Of all
the studies, n= 114041434952543868777987 were single-blinded RCTs
Whlle n:1735,36,48,50,56,63—65,76,80,85,86,88791,99 were double_blinded RCTS
Assessing the geographic background of the studies revealed that
19 Studies were Conducted in USA,34,35,40,46748,50,56,58,62—65,67,69,70,76,96,101
10 each in UK33,45,52,53,61,78,84,92,99,100 and BraZiLS1,42,49,58,68,77,93,95,98,102 6 ln
Australia,*5>75891 4 in Italy,*>*"7*% 3 each in New Zealand,*****
Spain,®**  Poland*** and Netherlands,*""*
Egypt,?”* Ireland,**' Japan,’**! South Korea,””* Germany*** and
Norway>** and 1 each in Lithuania,” France®” and Denmark.'

2 each in

Characteristics of Participants

A total of 4942 PAD patients participated among the 77 studies
included in this systematic review. The sample size of the selected
studies ranged from n=7 to n=305.

Risk of Bias Assessment Outcomes

Maximum of the studies (80%) have minimal risk of bias in
selective reporting while 60% of the studies have minimal risk
of bias in randomization shown in Figure 2. Most studies are
free of elevated risk of bias while more than 85% of studies have
undetermined allocation. concealment and other risks of bias.
Most of the studies were high risk due to the absence of blinding
personnel and participants. This lack of blinding could affect the
outcomes of the studies (Figure 3).

Interventions and Their Effectiveness
Physical Interventions

Physical interventions were the most investigated approach
observed among the included studies. A total of 46 studies
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Figure 3: Summary of Risk of Bias.

Table 1: PICOT Table of Included Studies.

Category Description

Population ~ Adult patients suffering from peripheral
arterial disease

Intervention  Any complementary &amp; alternate
intervention approved
according to guidelines and mentioned in the
studies that
meet the inclusion criteria of this study

Control Any placebo or comparator eligible for
inclusion in this study

Outcome Improvement in Physical Wellbeing and
Vascular function

Time Inception to 30* April 2022

included in this review evaluated the effectiveness of physical

ie 31,32,34,37,38,40-42,44-47,49,51,53,55,57-59,61,62,65,66,68-75,77,78,82-84,
.C.,.

interventions
87:90,92,93, 98,100102104 "The various forms of exercises evaluated were
Supervised Exercise Training program (SET), treadmill training
program, home-based exercise program, simple walking,
resistance training performed with and without loads, special
exercises for calf muscles or lower limbs, Nordic Pole Walking
(NPW) and strength training for the whole body. Each of these
trials had a different duration of interventions and outcomes.
Most of the studies compared exercise intervention with a control
group having moderate physical activity in form of stretching
or walking or no physical activity. Some studies compared one
form of exercise intervention with another form of exercise

$344

intervention and others compared similar exercise interventions
but with slightly different intensities.

The majority of trialg?##147:51,53,55,6271L788389909295 gtated the use of
SET or simply exercise training to estimate its impact on the PAD
or associated/ defined parameters. However, one of the main
issues that were noticed that there was no protocol based on
which SET or any other exercise interventions was standardized.
It was observed that all type of exercises showed improvements
in 6 min Walking Time (6-MWT), Mean Walking Distance
(MWD), vascular functions, and health-related Quality of Life
(QoL) in contrast to control group. Also, many studies suggested
incorporating physical activity into the daily life routine of PAD
patients is found to be an effective measure in improvement
the overall wellbeing improvement in the symptoms associated
with the PAD. In addition, study by Correia, M et al., (2022)'*
compared the isometric handgrip training with a control group
of sham training. The intervention group showed improvement
in brachial BP and vascular functions, but no improvement was
observed in arterial stiffness.

In few studies, home-based walking behavior change was
compared with the control group.* In addition, improvement in
average walking speed and QoL was observed in the intervention
group.” Improvement in these parameters was observed however,
the clinical efficacy is yet to determine versus pharmacological
intervention.” In some of the studies pharmacological
interventions were compared exercise and rehabilitation with 6
hr of Iloprost Infusion OD for 2 weeks. The results showed that
Pain-Free Walking Distance (PWFD) was significantly improved

in the exercise group as compared to the pharmacological
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intervention. While* compared to normal medical treatment
as intervention and normal medical treatment with Supervised
Exercise (SE) showed the improved walking capacity, improved
QoL, and reduced body fat as compared to the control group.
Another study compared the Optimal Medical Care (OMC),
OMC and SE.® The OMC and SE showed significant results in
walking time as compared to the other two intervention groups.
The effects of resistance training in comparison to control,*® was
also compared, and showed positive effects on cardiovascular
function and proposed resistance training to be an alternative
option that can decrease the cardiovascular risk of PAD patients.
In addition, High-intensity Resistance Training (H-RT) and
Low-intensity Resistance Training (L-RT) were compared with
the control group in” however, no improvement in L-RT and
control group was observed, but H-RT improved the 6-MW'T.
Another intervention that was utilized to improve the vascular
function of the PAD patients was video instructions along with
an online home-based interactive sedentary reduction program.*®
Results have shown that there was a significant improvement in
6-MWT and vascular function in the intervention group.

Various forms of exercise were studied in five clinical trials.
Low and high-intensity exercise groups were compared with the
control group of having educational sessions only for 48 weeks.®
There was a significant improvement in 6-MWT in high-intensity
exercise as compared to other groups. Conventional and modified
exercises were practiced for 12 weeks, and both groups showed
improvement in muscle metabolism but no improvement in
walk distance, walking economy, and deoxygenation rate.*®
Oxygen-guided intervention versus traditional pain-based
exercise was also compared for its effectiveness among PAD
patients. Improved in walking capacity and mitochondrial
capacity in the intervention group was observed in comparison
with the control group.”” Home-based guided exercise vs standard
exercise without guidance was also tested and it reported a
significant improvement in the number of steps count and QoL
in the guided exercise program.”> Heated Water Exercise Therapy
(HWET) was compared with Land-Based Exercise Therapy
(LBET). The HWET reduced the arterial stiffness, BP and resting
HR, and improved Claudication Onset Distance (COD), walking
distance and muscular strength more effectively than LBET.™

The exercise was compared with surgical treatment options
like angioplasty or revascularization in three studies. After the
intervention, outcomes were improved in all three of them;
however, the surgery group provided slightly better and more
immediate results in comparison to the exercise alone group
and these studies also recommended conducting larger RCTs to
confirm the results**”# On the other hand, in® the combined
supervised exercise program and angioplasty showed better
results than exercise and angioplasty alone. Calf raising exercise
was compared with the control group of traditional walking
exercise in,*” and the results showed a significant improvement
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in PWED, MWD, and QoL in the intervention group, while no
improvement was reported in mitochondrial capacity and peak
oxygen uptake. Nordic Pole Walking (NPW) was compared with
simple treadmill training and simple walking in two clinical trials.
Both trials recommended that NPW is equally effective as simple
treadmill training and simple walking and additionally NPW
produced more rapid results by decreasing walking pain and
enhancing the overall cardiac fitness of patients.’”'® Similarly,
strength training was proved to be more beneficial than simple
walking as it decreased pain endured by PAD patients while
walking.”

Aquatic walking training was compared with the control
group of no exercise. There was a significant improvement in
arterial stiffness, exercise tolerance, and physical functions in
the intervention group only.”” In few studies, it was noted that
treadmill training with either 40% or 80% of maximum exercise
capacity had similar effects on the walking performance of
patients with IC.* The same was the case in another trial which
compared a single bout of resistance exercise with and without
load and showed that both groups had decreased blood pressure
variability and cardiac load.’” In the other two studies, treadmill
training was compared with no physical activity and showed
better results in the intervention groups i.e., improved walking
capacity, Pain-Free Walking Time (PFWT), calf muscle strength
and Mean Walking Time (MWT).%%

Simple walking training was compared with a control group
performing stretching only in some studies.”* It was found
that patients of the walking group had improved total distance
walked along with the increment in pain onset walking distance.
Walking training also enabled patients with PAD to perform the
exercise with some tolerable pain. A unique study performed
a comparative analysis of the combination of three different
exercises at three different points on lower limbs and the placebo
group having disconnected electrotherapy equipment. Various
blood parameters and flow velocity of blood were enhanced
following the exercise protocol were assessed. The authors of the
study also implied that this exercise protocol could be a useful
tool to decrease the progression of PAD in type 2 diabetic patients
%, Plantar flexion device and standard care were compared with
the control group of standard care only. No evidence regarding
the efficacy of the device was reported.®

Oral Supplements

Fifteen studies included in this review evaluated the effectiveness
of various oral supplements either alone or in combination, with
or Wlthout Control group'35,36,48,50,56,63,76,79,80,85,91,96,99,101,105 Tl'le Oral
supplements included: nitrate, L-arginine and prostaglandin,
Gingko biloba extract, Poly Unsaturated Fatty Acids (PUFAs),
resveratrol, flavanol-rich cocoa, MitoQ, and Annurca apple
polyphenolic extract. Multiple studies were performed on PUFAs,
Gingko biloba extract, and nitrates. Two studies compared
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different interventions, one study compared two intervention
groups with a control group, two studies compared intervention
groups with a control group, and the rest of ten studies compared
intervention with a placebo group.

Ginkgo biloba Extract (EGb 761)

Two studies provided evidence of the use of Ginkgo biloba extract
(EGb 761). However, the results of both studies are inconsistent
as 300 mg/day dose caused a very slight but insignificant increase
in the outcome of treadmill walking and flow-mediated dilation
when compared with placebo* whereas 240 mg/day (higher dose)
caused more improvement in walking distance in comparison to
a low dose of 120 mg/day of EGb 761%.

Poly Unsaturated Fatty Acids Supplementation
(PUFA)

studies®®767%% of PUFAs on
various inflammatory biomarkers, endothelial function, and

Four evaluated the effects
serum triglycerides. All these studies suggested that PUFA
supplementation in form of fish oil did not cause any effect on
markers of inflammation while somehow the flow-mediated
dilation and serum triglycerides production was increased in
patients with PAD.

Annurca Apple Polyphenolic Extract

Only one clinical trial extending up to 24 weeks estimated the
effect of Annurca apple polyphenolic extract. Polyphenolic extract
was found to be safe and found to be an effective natural therapy
to relieve the symptoms associated with PAD in comparison to
placebo.®

Resveratrol

Comparison of the effects of two doses i.e., 125 mg and 200 mg
of Resveratrol in contrast to placebo in older PAD patients was
found to be insignificant in generating a substantial evidence or

improvement among PAD patients.'”

Nitrates (N03)

Four clinical trials report the results on the nitrate supplementation
among PAD patients. One study was performed for 180 minutes
with orange juice in the control group and resulted in increased
peripheral tissue oxygenation and exercise tolerance.”® The other
three compared NaNO, supplementation with placebo and
resulted in significant improvement in 6-MWD and blood flow
in the intervention group.**!

L-arginine and Prostaglandin

Comparison of the interventions; L-arginine and exercise,
prostaglandin and exercise with the control group of exercise.*
showed a significant improvement in PFWD and Absolute
Walking Distance (AWD) in both intervention groups.

S346

Flavanol-Rich Cocoa

Flavanol-rich cocoa was compared with placebo and the outcomes
were significantly better in the intervention group i.e., 6-MWD
and mitochondrial COX activity as compared to the placebo.®

MitoQ

MitoQ 80mg was administered for 12 weeks, and it improved
endothelial function significantly without affecting Blood
Pressure (BP), Heart Rate (HR), and arterial stiffness among the
PAD patients.'”!

Miscellaneous Interventions

Sixteen clinical trials evaluated the effects of other interventions
in treatment Of PAD.27-30,33,39,43,52,54,67,81,86,94,95,97,103. ’Hlese Studies
included the electrical or electromagnetic field stimulation,
GaAlAs Laser Acupuncture, Remote Ischemic Preconditioning
(RIPC), heat therapy, Extracorporeal Shock-Wave Therapy
(ESWT), vibration therapy, T’ai Chi Chuan Exercise, intermittent
mechanical compression, intermittent negative pressure, Waon
therapy, cardiac rehabilitation programs, and chelation therapy.
Results have shown that across majority of the trials, intervention
group was found to be significantly improving the function and
Qol among the PAD patients.

Pulsed Electromagnetic Field (PEMF) Therapy

PEMF along with pharmacological and dietary (P and D)
supplementation was compared with P and D supplementation
as a control group. The graded exercise test (GXT) and ABI was
found to be significantly improved in the intervention group as
compared to the control group.”

GaAlAs Laser Acupuncture

GaATlAslaseracupuncture and pharmacological therapy vs control
group with pharmacological therapy only was also tested for its
effectiveness among PAD patients.”® The results demonstrated
that there was a significant improvement in 6-MWD in the
intervention group as compared to the control group.

Neuromuscular Electrical Stimulation (NMES)

NMES and supervised exercise program (SEM) were compared
with SEM only. The results showed significant improvement in
intermittent claudication distance and maximum claudication
distance in the intervention group as compared to the control
group.*

Ethylenediamine Tetra Acetic Acid (EDTA) Chelation
therapy

Intravenous infusion of EDTA in PAD was also investigated.
However, the results demonstrated that EDTA infusion in
comparison to placebo was not very successful to improve
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outcomes like walking distance, vascular parameters, and
health-related and general quality of life.*

Tai Chi Chuan (TCC)

Tai Chi Chuan is a form of traditional Chinese martial arts
exercise. It contains a combination of breathing exercises with
various body postures whereas the transitions between various
postures are slow, smooth, and calm. A 30 min session of TCC
decreased the acute systolic blood pressure but caused no effect
on heart rate. Also, the study suggested that this TCC exercise
session could be used as an alternative treatment option for PAD
patients to reduce the vascular load.”

Intermittent Mechanical Compression (IMC) Device

Impact of IMC devices on claudication distance and ABI was also
explored. It stated that the use of IMC devices for 3 months in PAD
patients could be useful because it caused an increase in PFEWD
covered by PAD patients and also improved the post-exercise ABI
results.”

Vibration Therapy (VT)

Vibration therapy was compared with no vibration therapy
in the control group and resulted in improved 6-MWT in the
intervention group only.**

Connective Tissue Reflex Massage

Massage therapy was done to observe the efficacy of connective
tissue reflex massage on limbs of people suffering from PAD and
it expressed that 15 week of this massage improved blood flow and
vessel dilations in a lower limb when compared with placebo.”

Remote Ischemic Pre-Conditioning (RIC)

RIC 1i.e., inflating a blood pressure cuff to cause ischemia and then
allowing reperfusion was another measure that was investigated
for its effectiveness among PAD patients. The results showed
improvements in the blood flow of limbs equivalent to supervised
exercise training. Also, when RIC was combined with exercise in
other groups there was no added benefit. However, the authors of
the study recommended the need for larger RCTs to confirm the
findings.”

Transcutaneous Electrical Nerve Stimulation (TENS)

Result of a clinical trial testing the effect of 45 minutes session®”
of electrical nerve stimulation improved walking distance and
reduced pain in the limbs of patients. However, the sample size
was not sufficient power to support the facts and may need larger
sample to support this claim nonetheless the results need further
verification with larger RCT.

Extracorporeal Shockwave Therapy (ESWT)

ESWT was compared with Sham treatment as a control group
and resulted in significant improvement in MWD and cardiac
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function in the intervention group as compared to the control
group.*

Intermittent Negative Pressure (INP)

Comparison of the intervention of 40 mmHg INP with the control
group of 10 mmHg INP was also investigated in one clinical
trial.** The results showed a significant improvement in PFWD
and MWD and no improvement in ABI and Ischemic blood flow
in the intervention group.

Heat Therapy

Heat therapy or spa bath was compared with traditional exercise
therapy in two clinical trials. PFWD and MWD of the patient
were increased after intervention in both groups. both studies
recommended that the treatment with heat may be a useful
therapy for PAD patients.*® Another clinical trial tested the
impact of heat therapy at 48°C with the control group at 33°C
and resulted in an improvement in physical functions in the
intervention group only.*’

Waon Therapy

Waon therapy was compared with conventional therapy.
Significant improvement was observed in 6-MWD and ABI in
the intervention group as compared to the control group.*

Cardiovascular (CV) Rehabilitation Program

The CV rehab program and usual care without rehab were
compared and insignificant results were found on the criteria of
PWEFD and MWD in the intervention group.'®

Quantitative analysis

As described in the method section our intentions were to
perform meta-analysis so that effect of each intervention can be
estimated to draw a better conclusion. However, upon extraction
it was revealed that only seventeen studies have described the
base and endpoint quantitative data. The remaining n=60 studies
have either reported the statistical interpretation/ values that
are generated after statistical analysis and using these statistical
values statistical amputations were not possible to generate a value
which can be utilized to perform meta-analysis. Demonstrated
that all the interventions i.e. physical methods, supplements and
miscellaneous methods that were evaluated in the clinical trials
were found to have a positive impact of the clinical parameters of
the PAD patients. Exercise therapy trials conducted by Woessner et
al. (2018)°!, Wang et al. (2009)%, Wang et al. (2006)*, McDermott
et al. (2021)%, was found to be significantly improve the walking
time, quality of life and oxygen saturation level. Bock et al.
(2018), ** Kruse et al. (2018)* investigated the impact of NaNO3
among PAD patients. It was observed that there was significant
increasein the 6 MWD when the data was compared to the baseline
values in comparison to the control/ placebo group. Similarly,
there was a significant increase in the plasma nitrate level which
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assisted in improving the calf blood flow. Boger et al. (1998)%*
investigated the impact of 8 g L-arginine BD+Exercise versus 40
mcg Prostaglandin E1 (PGE1) BD+Exercise. A significantincrease
in the PFWD and AWD was observed in both groups. However,
the percentage improvement from baseline to the endpoint was
highest in the Prostaglandin E1 (PGE1) group. As exercise was
incorporated in both groups therefore it was challenging to
estimate the true effect of the PGE1 versus L-arginine. Wang et
al. (2007)¥ and Gardner et al. (2008)* investigated the effect of
Gingko biloba. It was observed that Gingko biloba alone and in
combination with the exercise therapy has resulted in an increase
in MWT, PWFT, Peak Oxygen consumption and resulted in
decline in blood viscosity. Moreover, results from the trial of
Gardner et al. (2008)*® reported an increase in QoL life from base
line showed improvement in WIQ speed, distance and stairs.
In addition, to the parameters explored by the trials in physical
and other interventions. Use of fish oil was noticed to have
substantially increased flow mediated vasodilation and decline in
the effect on inflammatory biomarkers was better in comparison
to the control/ placebo group Grenon et al. (2015)* and Ramirez
et al. (2019).7°

DISCUSSION

Peripheral Arterial Disease (PAD) is the process of narrowing of
lower limb arteries due to atherosclerosis and is associated with
high cardiovascular morbidity and mortality. It also causes a huge
economic and humanistic burden on society.' A broad range of
therapeutic and endovascular treatment options are available for
PAD which are effective and safe however many complementary
and alternative medicine therapies are also in practice hence the
focus of this study was to evaluate the efficacy of various CAM for
the management of PAD.

This review has shed light on the various physical/ exercise
therapies, complementary and alternative therapies that have
shown some effectiveness in the disease under study. All these
therapies have been broadly classified into physical therapies,
which include some form of exercise, oral supplements, and
miscellaneous therapies which did not fall in the first two
categories. The data extraction insinuated improvement in at least
one or more primary outcomes except for 8 studies?*48-30-34886:5
which reported no significant improvement. All the studies
reported at least one of the primary outcomes listed in except
2 studies that reported inflammatory biomarkers®>* and pulse
wave velocity, plasma vWF and platelet aggregation.”” Quality of
life was assessed by various studies and various tools were used
to quantify the results. These tools included Walking Impairment
Questionnaire (WIQ),046:48.5051,626571727678 -~ Medical Outcomes
Study Short Form Health survey (SF_36)’40,44,45,48,5l,55,57,61,62,65,71,78,82,87
Edinburgh Claudication Questionnaire (ECQ),*® Vascular QoL
(VascuQoL) Questionnaire,*¢17282  Health Utilities Index,*
Intermittent Claudication Questionnaire (ICQ).*" Self-Efficacy
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for Physical Activity (SEPA) Questionnaire”” and European
Quality of Life Visual Analog Scale (EQ-VAS).”

In majority of the studies physical intervention/exercise therapy
was utilized as one of the main regimens to improve the physical,
mental, and biological wellbeing of the PAD patients. Regardless
of the risk of bias, it could be postulated that physical intervention
to be considered as one of the first line non-pharmacological
approaches for the management of PAD. In addition, another
important fact that was revealed from this review is the effect of
supplements in improving the plasma oxygen level, vasodilation
of the vessels and improvement in the physical tasks. These
include nitrate, either in the form of NaNO,*** or in the form of
beetroot juice,’* Gingko biloba, in different doses® or compared
to placebo® or in combination with exercise® and fish oil
compared with placebo.”*’® Some studies reported various side
effects due to the use of oral supplements® for example belching,
heartburn, nosebleeds, nausea, vomiting and diarrhea with the
administration of some PUFAs due to which 12 people withdrew
from the study.® Diarrhea and abdominal pain due to resveratrol
administration but these resolved spontaneously, and abdominal
pain was reported by’ due to fish oil but it did not affect the study.

Based on the evidence of this review; it was clear that physical
therapy in form of exercise was greatly beneficial for patients
with PAD. It improved patients’ quality of life and increased
their walking ability. Similar beneficial effects of exercise on
PAD patients were reported by'®>'” Many studies included in
this review commented that clinicians should recommend PAD
patients incorporate physical activity in their daily routine and
such recommendations are also available in NICE guidelines.'”
Although all forms of physical activities showed promising
results; however it is not clear which type of exercise/ physical
therapy will be or which duration of physical activity is most
efficacious among all of them.'” defining these criteria’s will be
beneficial for not only clinical but also for the patients as well.
Nature, type, and duration of physical interventions will assist the
patient to devise self-care schedule which will assist in improving
their overall wellbeing. Such issues should be addressed in future
clinical trials that specifically focusing on optimizing the duration
of exercise regimens effective for PAD in long term.'"

Furthermore, this review also revealed the efficacy of nitrate
supplementation as a treatment option for patients with PAD.
Nitrate supplementation either as NaNO, or beetroot juice
significantly improved the walking distance and vascular function
of the PAD patients and quantitative evidence has proven the
use of nitrate in the management of PAD."! Similarly Ginkgo
biloba extract was also observed to be significantly improving
the vascular function and decreasing the blood viscosity'*? thus
assisting the patients with PAD with or without claudication.'®

Most studies have shown the CAM therapies to be efficacious
and possible alternatives to the pharmacological intervention
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used at present. However, it is still a bit difficult to recommend
the said CAM therapies because it is difficult to conclude which
therapy is the best. Furthermore, several discrepancies were seen
in the outcomes due to which the results of trials could not be
compared and therefore meta-analysis could not be performed.
The reason for failure to compare included: a) different duration
of treatments, b) no standard comparator, c) absence of dose
standardization of various supplements, d) different sample size
and e) different endpoints of the studies. Therefore, it would be
wise to exercise caution in the use of these therapies until they are
approved by FDA or WHO.

Apart from pharmacological interventions, surgical interventions
(e.g., endovascular revascularization) are also frequently used
treatment options for patients with PAD.!" Therefore, it is also
needed to compare the efficacy of CAM therapies with these
surgical interventions and other pharmacological interventions.
All current and future trials should follow the CONSORT
guidelines'® and the said trials should be comprehensive.

In clinical perspective this review suggested strong evidence
for the use of exercise-based interventions and use of certain
supplements i.e. nitrates and Ginkgo biloba as an effective measure
for the effective management of PAD. Clinical guidelines should
consider recommending the use exercise and supplements as a
non-pharmacological measure to improve the wellbeing of the
PAD patients. Moreover, there is a need to establish a consensus
regarding the duration, type and timing of the exercises and the
dose of supplement which may delay the progression of PAD
and improve the biological function and systematic parameters
among PAD. Another important issue that should be kept under
consideration is the moderate to low quality of studies that were
included in this review performance and selection bias were the
two main issues which warrant the clinicians to carefully decide
on the selection of the physical and CAM therapies for PAD
patients.

CONCLUSION

This review suggests a positive impact of physical activity on
peripheral arterial disease patients’ quality of life. Evidence also
shows that Physical activity/ exercise-based intervention alone
or in combination with the supplement are found to be effective
among PAD patients and shown significant results in intermittent
claudication. Parameters which were found to be improved
among PAD patients were PEWD/ Time, CD, ICD, AWD, MWD,
QoL and plasma oxygen saturation. However, to decide more
precisely regarding the type of interventions that should be added
for PAD patients, clinical well designed randomized clinical trials
are needed to confirm these findings. In addition, there was a
huge variety of treatments that were compared across the selected
studies with different assessment parameters. Unfortunately,
this massive diversity in dose, duration and frequency of
supplementation and variation in the assessment parameters has
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limited the option for a quantitative comparison. This indicates
the need of methodologically well-planned high quality clinical
trials so that CAM intervention can be included in the standard
treatment protocol of the PAD patients.

STRENGTHS AND LIMITATIONS

This review is perhaps the first comprehensive effort to evaluate
and compare the efficacy of different physical/exercise based and
CAM therapies. Adoption of the recommended PRISMA and
Cochrane to generate the body of evidence across the diverse
database is one of the main strengths of this review. In addition,
PICOT framework assisted in generating a very specific level of
evidence for the selected outcome and objectives. However, in
most of the systematic reviews the reliance of the conclusion is on
the published literature. There was a huge diversity of regimens
and assessment tools that were utilized across the selected studies
in this systematic review therefore a qualitative analysis was not
possible due to lack of similarities among the included studies.
Therefore, meta-analysis was not possible.

Nonetheless, the conclusions made by this review could be
restricted in terms of its scope because as mentioned in the
eligibility criteria only studies published in the English language
were included. This language barrier might have caused the
exclusion of many relevant and useful RCTs as they were not
available in the English language.

CLINICAL RECOMMENDATION

The positive impact of physical/ exercise based, and CAM
therapies seen in this review creates a need for future research.
Future clinical trials should include larger significant sample
size and blinding where possible. This would help plan a better
pharmacotherapy, therefore, improving the outcomes of the
disease. Any future review should incorporate a meta-analysis
using a standard comparator to quantify the effectiveness of
these physical/exercise based and CAM therapies and therefore
improve the evidence of their effectiveness.
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ABBREVIATIONS

ABI: Ankle Brachial Index; 6-MWD: 6-Minute Walking Distance;
PWED/T: Pain-Free Walking Distance/Time; CD: Claudication
Distance; ICD: Initial Claudication Distance; MCD: Maximum
Claudication Distance; AWD: Absolute Walking Distance;
MWD/T: Maximum Walking Distance/Time; COT: Claudication
Onset Time; TWD: Total Walking Distance; QoL: Quality of Life;
BP: Blood Pressure; WIQ: Walking Impairment Questionnaire.

SUMMARY

The quality of life of patients with peripheral vascular disease was
shown to be positively impacted by physical activity, according
to the final evaluation. Furthermore, it was shown that nitrate
and ginkgo biloba supplementation worked well for individuals
with PAD and intermittent claudication (IC). According to this
review, physical exercise improves the quality of life for those
with peripheral arterial disease. Additionally, research indicates
that supplementation with physical activity or exercise-based
intervention is beneficial for PAD patients and has a notable
impact on intermittent claudication.

REFERENCES

1. Olin JW, Sealove BA. Peripheral artery disease: current insight into the disease and
its diagnosis and management. Mayo Clin Proc. 2010;85(7):678-92. doi: 10.4065/
mcp.2010.0133, PMID 20592174.

2. Peach G, Griffin M, Jones KG, Thompson MM, Hinchliffe RJ. Diagnosis and
management of peripheral arterial disease. BMJ. 2012;345:e5208. doi: 10.1136/bmj.
e5208, PMID 22893640.

3. Kill A, Arm YAIY, Armpit AlY. Peripheral arterial disease (PAD).

4. Fowkes FGR, Rudan D, Rudan |, Aboyans V, Denenberg JO, McDermott MM, et
al. Comparison of global estimates of prevalence and risk factors for peripheral
artery disease in 2000 and 2010: a systematic review and analysis. Lancet.
2013;382(9901):1329-40. doi: 10.1016/50140-6736(13)61249-0, PMID 23915883.

5. Shu J, Santulli G. Update on peripheral artery disease: epidemiology and
evidence-based facts. Elsevier; 2018.

6. McDermott MM, Greenland P, Liu K, Guralnik JM, Criqui MH, Dolan NC, et al.
Leg symptoms in peripheral arterial disease: associated clinical characteristics

S350

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Ernst

and functional impairment. JAMA. 2001;286(13):1599-606. doi: 10.1001/

jama.286.13.1599, PMID 11585483.

. Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S, et al. Recommended

standards for reports dealing with lower extremity ischemia: revised version. J Vasc
Surg. rev version. 1997;26(3):517-38. doi: 10.1016/s0741-5214(97)70045-4, PMID
9308598.

. Heald CL, Fowkes FG, Murray GD, Price JF, Ankle Brachial Index Collaboration.

Risk of mortality and cardiovascular disease associated with the ankle-brachial
index: systematic review. Atherosclerosis. 2006;189(1):61-9. doi: 10.1016/j.
atherosclerosis.2006.03.011, PMID 16620828.

. Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA. 2005 guidelines for the management

of patients with peripheral arterial disease (lower extremity, renal, mesenteric, and
abdominal aortic): a collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery. Soc Cardiovasc Angiogr Interv Soc Vasc Med
Biol. And the ACC/AHA Task Force on Practice guidelines (Writing Committee to
Develop Guidelines for the Management of Patients with Peripheral Arterial Disease).
Journal of the American College of Cardiology. 2006;47:e1-e192.

. Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones KL, Fabsitz RR, et al.

Relationship of high and low ankle brachial index to all-cause and cardiovascular
disease mortality: the Strong Heart Study. Circulation. 2004;109(6):733-9. Doi:
10.1161/01.CIR.0000112642.63927.54, PMID 14970108.

. Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res.

2015;116(9):1509-26. Doi: 10.1161/CIRCRESAHA.116.303849, PMID 25908725.

. Ankle Brachial Index Collaboration, Fowkes FG, Murray GD, Butcher |, Heald CL, Lee

RJ, et al. Ankle brachial index combined with Framingham Risk Score to predict
cardiovascular events and mortality: a meta-analysis. JAMA. 2008;300(2):197-208.
doi: 10.1001/jama.300.2.197, PMID 18612117.

. WHO.Noncommunicable diseases (NCD) country profiles. World Health Organization;

2018. Available from: https://www.who.int/nmh/countries/pak_en.pdf.

. Hiatt W. Risk factor modification in intermittent claudication: effect on life

expectancy and walking capacity. Eur Heart J Suppl. 2002;4:B50-4. doi: 10.1016/
$1520-765X(02)90018-0.

. Duprez DA. Pharmacological interventions for peripheral artery disease. Expert

Opin Pharmacother. 2007;8(10):1465-77. doi: 10.1517/14656566.8.10.1465, PMID
17661729.

. Cochrane. Operational definition of complementary, alternative, and integrative

medicine; 2023. Available from: https://cam.cochrane.org/operational-definitio
n-complementary-medicine, [accessed Mar 14 2023].

. Wieland LS, Manheimer E, Berman BM. Development and classification of an

operational definition of complementary and alternative medicine for the Cochrane
Collaboration. Altern Ther Health Med. 2011;17(2):50-9. PMID 21717826.

E. The role of complementary and alternative medicine.
2000;321(7269):1133-5. doi: 10.1136/bm;.321.7269.1133, PMID 11061738.

BMJ.

. Shaikh BT, Hatcher J. Complementary and alternative medicine in Pakistan:

prospects and limitations. Evid Based Complement Alternat Med. 2005;2(2):139-42.
doi: 10.1093/ecam/neh088, PMID 15937553.

Sheikhrabori A, Dehghan M, Ghaedi F, Khademi GR. Complementary and
alternative medicine usage and its determinant factors among diabetic patients:
an Iranian case. J Evid Based Complementary Altern Med. 2017;22(3):449-54. doi:
10.1177/2156587216675079, PMID 27821612.

WHO. WHO traditional medicine strategy; 2013. Available from: https://apps.who.
int/iris/bitstream/handle/10665/92455/9789241506090_eng.pdf;jsessionid=81C0OD
9ADEF8399FAD69DEF580282212A?sequence=1.

Armstrong R, Hall BJ, Doyle J, Waters E. “Scoping the scope” of a cochrane review.
J Public Health (Oxf). 2011;33(1):147-50. doi: 10.1093/pubmed/fdr015, PMID
21345890.

Alshammari M. Efficacy of complementary and alternative medicine in peripheral
arterial disease: A systematic [review]; 2023. doi: 10.37766/inplasy2023.3.0001.
Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:14898. doi:
10.1136/bm;.14898, PMID 31462531.

Julian PT, Higgins JS, Page MJ, Elbers RG, Sterne JAC. Chapter 8. Assessing risk of bias
in a randomized trial. In: Chochrane; 2023.

Cochrane. Cochrane hand book for systematic reviews of interventions;
2020. Available from: https://training.cochrane.org/cochrane-handboo
k-systematic-reviews-interventions.

Ahmad A, Raafat Mahmoud R. An eight-week pulsed electromagnetic field improves
physical functional performance and ankle-brachial index in men with Fontaine
stage Il peripheral artery disease. Adv Rehabil. 2021;35(4):1-8. journal article. doi:
10.5114/areh.2021.109710.

Ahmad AM, Abdel-Aziz HA. Laser acupuncture for claudication symptoms in
peripheral artery disease—does it work? A randomized trial. HK Physiother J.
2022;0:1-10. doi: 10.1142/51013702522500044.

Ahmed KMT, Hernon S, Mohamed S, Tubassum M, Newell M, Walsh SR. Remote
ischemic pre-conditioning in the management of intermittent claudication: A pilot
randomized controlled trial. Ann Vasc Surg. 2019;55:122-30. 20180929. doi: 10.1016/j.
avsg.2018.07.046, PMID 30278263.

Akerman AP, Thomas KN, van Rij AM, Body ED, Alfadhel M, Cotter JD. Heat therapy
vs. supervised exercise therapy for peripheral arterial disease: a 12-wk randomized,

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024



Alshammari, et al.: CAM and Physical Therapies in Peripheral Arterial Disease

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024

controlled trial. Am J Physiol Heart Circ Physiol. 2019; 316(6):H1495-506. doi: 10.1152/
ajpheart.00151.2019, PMID 31002283.

Andrade-Lima A, Silva Junior N, Chehuen M, Miyasato R, Souza RWA, Leicht AS, et
al. Walking training improves systemic and local pathophysiological processes in
intermittent claudication. Eur JVasc Endovasc Surg. 2021;61(6):954-63. doi: 10.1016/j.
€jvs.2021.02.022, PMID 33875324.

Arosio E, Cuzzolin L, De Marchi S, Minuz P, Degan M, Crivellente F, et al. Increased
endogenous nitric oxide production induced by physical exercise in peripheral
arterial occlusive disease patients. Life Sci. 1999;65(26):2815-22. doi: 10.1016/
50024-3205(99)00550-0, PMID 10622270.

Babber A, Ravikumar R, Onida S, Lane TRA, Davies AH. Effect of footplate
neuromuscular electrical stimulation on functional and quality-of-life parameters
in patients with peripheral artery disease: pilot, and subsequent randomized
clinical trial. Br J Surg. 2020;107(4):355-63. 20200107. doi: 10.1002/bjs.11398, PMID
31912491.

Baker WB, Li Z, Schenkel SS, Chandra M, Busch DR, Englund EK, et al. Effects of
exercise training on calf muscle oxygen extraction and blood flow in patients with
peripheral artery disease. J Appl Physiol (1985). 2017;123(6):1599-609. doi: 10.1152/
japplphysiol.00585.2017, PMID 28982943,

Bock JM, Treichler DP, Norton SL, Ueda K, Hughes WE, Casey DP. Inorganic nitrate
supplementation enhances functional capacity and lower-limb microvascular
reactivity in patients with peripheral artery disease. Nitric Oxide. 2018;80:45-51.
20180815. doi: 10.1016/j.niox.2018.08.007, PMID 30118808.

Bbger RH, Bode-Boger SM, Thiele W, Creutzig A, Alexander K, Frélich JC. Restoring
vascular nitric oxide formation by l-arginine improves the symptoms of intermittent
claudication in patients with peripheral arterial occlusive disease. J Am Coll Cardiol.
1998;32(5):1336-44. doi: 10.1016/50735-1097(98)00375-1, PMID 9809945.

Bulinska K, Kropielnicka K, Jasinski T, Wojcieszczyk-Latos J, Pilch U, Dabrowska G,
et al. Nordic pole walking improves walking capacity in patients with intermittent
claudication: a randomized controlled trial. Disabil Rehabil. 2016;38(13):1318-24. doi:
10.3109/09638288.2015.1077398, PMID 26305413.

Castro-Sanchez  AM, Mataran-Pefarrocha GA, Feriche-Fernandez-Castanys B,
Ferndndez-Sola C, Sanchez-Labraca N, Moreno-Lorenzo C, et al. A program of 3
physical therapy modalities improves peripheral arterial disease in diabetes type
2 patients: a randomized controlled trial. J Cardiovasc Nurs. 2013;28(1):74-82. doi:
10.1097/JCN.0b013e318239f419, PMID 22222177.

Castro-Sanchez AM, Moreno-Lorenzo C, Mataran-Pefarrocha GA, Feriche-Ferndndez-
Castanys B, Granados-Gamez G, Quesada-Rubio JM. Connective tissue reflex massage
for type 2 diabetic patients with peripheral arterial disease: randomized controlled
trial. Evid Based Complement Alternat Med. 2011; 2011:804321. doi: 10.1093/ecam/
nep171, PMID 19933770.

Collins TC, Lunos S, Carlson T, Henderson K, Lightbourne M, Nelson B, et al. Effects
of a home-based walking intervention on mobility and quality of life in people with
diabetes and peripheral arterial disease: a randomized controlled trial. Diabetes Care.
2011;34(10):2174-9. doi: 10.2337/dc10-2399, PMID 21873560.

Crowther RG, Leicht AS, Spinks WL, Sangla K, Quigley F, Golledge J. Effects of a
6-month exercise program pilot study on walking economy, peak physiological
characteristics, and walking performance in patients with peripheral arterial disease.
Vasc Health Risk Manag. 2012;8:225-32. doi: 10.2147/VHRM.S30056, PMID 22566743.
Cucato GG, Chehuen MdR, Costa LAR, Ritti-Dias RM, Wolosker N, Saxton JM, et al.
Exercise prescription using the heart of claudication pain onset in patients with
intermittent claudication. Clinics (Sao Paulo). 2013;68(7):974-8. doi: 10.6061/
clinics/2013(07)14, PMID 23917662.

de Haro J, Acin F, Florez A, Bleda S, Fernandez JL. A prospective randomized
controlled study with intermittent mechanical compression of the calf in patients
with claudication. J Vasc Surg. 2010;51(4):857-62. doi: 10.1016/j.,jvs.2009.10.116,
PMID 20347681.

Fakhry F, Spronk S, van der Laan L, Wever JJ, Teijink JA, Hoffmann WH, et al.
Endovascular revascularization and supervised exercise for peripheral artery
disease and intermittent claudication: a randomized clinical trial. JAMA.
2015;314(18):1936-44. doi: 10.1001/jama.2015.14851, PMID 26547465.

Galea Holmes MN, Weinman JA, Bearne LM. A randomized controlled feasibility trial
of a home-based walking behavior-change intervention for people with intermittent
claudication. J Vasc Nurs. 2019;37(2):135-43. doi: 10.1016/j.jvn.2018.11.001, PMID
31155161.

Gardner AW, Montgomery PS, Flinn WR, Katzel LI. The effect of exercise intensity on
the response to exercise rehabilitation in patients with intermittent claudication. J
Vasc Surg. 2005;42(4):702-9. doi: 10.1016/j.jvs.2005.05.049, PMID 16242558.
Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM. Efficacy of quantified
home-based exercise and supervised exercise in patients with intermittent
claudication: a randomized controlled trial. Circulation. 2011;123(5):491-8. doi:
10.1161/CIRCULATIONAHA.110.963066, PMID 21262997.

Gardner CD, Taylor-Piliae RE, Kiazand A, Nicholus J, Rigby AJ, Farquhar JW.
Effect of Ginkgo biloba (EGb 761) on treadmill walking time among adults with
peripheral artery disease: a randomized clinical trial. J Cardiopulm Rehabil Prev.
2008;28(4):258-65. doi: 10.1097/01.HCR.0000327184.51992.b8, PMID 18628657.
Gomes APF, Correia MA, Soares AHG, Cucato GG, Lima AHRA, Cavalcante BR, et al.
Effects of resistance training on cardiovascular function in patients with peripheral

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

artery disease: arandomized controlled trial.J Strength Cond Res. 2018;32(4):1072-80.
doi: 10.1519/JSC.0000000000001914, PMID 29570598.

Grenon SM, Owens CD, Nosova EV, Hughes-Fulford M, Alley HF, Chong K, et al. Short-
Term, High-Dose Fish Oil Supplementation Increases the Production of omega-3
fatty acid-Derived Mediators in Patients with peripheral artery Disease (the Omega-
PAD | Trial). J Am Heart Assoc. 2015;4(8):e002034. doi: 10.1161/JAHA.115.002034,
PMID 26296857.

Guidon M, McGee H. One-year effect of a supervised exercise programme on
functional capacity and quality of life in peripheral arterial disease. Disabil Rehabil.
2013;35(5):397-404. doi: 10.3109/09638288.2012.694963, PMID 22804715.

Harwood AE, Green J, Cayton T, Raza A, Wallace T, Carradice D, et al. A feasibility
double-blind randomized placebo-controlled trial of extracorporeal shockwave
therapy as a novel treatment for intermittent claudication. J Vasc Surg.
2018;67(2):514-521.€512.20170922. doi: 10.1016/j.,jv5.2017.07.105, PMID 28943002.

Hodges LD, Sandercock GR, Das SK, Brodie DA. Randomized controlled trial of
supervised exercise to evaluate changes in cardiac function in patients with
peripheral atherosclerotic disease. Clin Physiol Funct Imaging. 2008;28(1):32-7. doi:
10.1111/j.1475-097X.2007.00770.x, PMID 18005078.

Hoel H, Pettersen EM, Hoiseth L@, Mathiesen I, Seternes A, Hisdal J. A randomized
controlled trial of treatment with intermittent negative pressure for intermittent
claudication. J Vasc Surg. 2021;73(5):1750-1758.e1751. 20201022. doi: 10.1016/j.
jv5.2020.10.024, PMID 33899743.

Jakubseviciené E, Mélinyté K, Kubilius R. A novel, individualized exercise program
for patients with peripheral arterial disease recovering from bypass surgery. Int J
Environ Res Public Health. 2019;16(12):20190616. doi: 10.3390/ijerph16122127,
PMID 31208125.

Kruse NT, Ueda K, Hughes WE, Casey DP. Eight weeks of nitrate supplementation
improves blood flow and reduces the exaggerated pressor response during
forearm exercise in peripheral artery disease. Am J Physiol Heart Circ Physiol. 2018;
315(1):H101-8. doi: 10.1152/ajpheart.00015.2018, PMID 29522355.

Lamberti N, Malagoni AM, Ficarra V, Basaglia N, Manfredini R, Zamboni P, et al.
Structured home-based exercise versus invasive treatment: A mission impossible? A
pilot randomized study in elderly patients with intermittent claudication. Angiology.
2016;67(8):772-80. doi: 10.1177/0003319715618481, PMID 26635335.

Laslovich S, ALVAR BA, ALLISON M, Rauh MJ. Effects of lifestyle physical activity on
vascular function in asymptomatic peripheral arterial disease. Med Sci Sports Exerc.
2020;52(1):8-15. doi: 10.1249/MSS.0000000000002109, PMID 31361714.

Leicht AS, Crowther RG, Golledge J. Influence of peripheral arterial disease and
supervised walking on heart rate variability. J Vasc Surg. 2011;54(5):1352-9. doi:
10.1016/j,jvs.2011.05.027, PMID 21784603.

Oliveira PL, Farah BQ, et al. Effects of Isometric Handgrip Training in Patients With
Peripheral Artery Disease: A Randomized Controlled Trial. MC. J Am Heart Assoc.
2020;9: €013596:20200206. doi: 10.1161/jaha.119.013596.

Mazari FA, Gulati S, Rahman MN, Lee HL, Mehta TA, McCollum PT, et al. Early
outcomes from a randomized, controlled trial of supervised exercise, angioplasty,
and combined therapy in intermittent claudication. Ann Vasc Surg. 2010;24(1):69-79.
doi: 10.1016/j.avsg.2009.07.005, PMID 19762206.

McDermott MM, Ades P, Guralnik JM, Dyer A, Ferrucci L, Liu K, et al. Treadmill exercise
and resistance training in patients with peripheral arterial disease with and without
intermittent claudication: a randomized controlled trial. JAMA. 2009;301(2):165-74.
doi: 10.1001/jama.2008.962, PMID 19141764.

McDermott MM, Criqui MH, Domanchuk K, Ferrucci L, Guralnik JM, Kibbe MR, et
al. Cocoa to improve walking performance in older people with peripheral artery
disease: the COCOA-PAD pilot randomized clinical trial. Circ Res. 2020;126(5):589-99.
20200214. doi: 10.1161/CIRCRESAHA.119.315600, PMID 32078436.

McDermott MM, Leeuwenburgh C, Guralnik JM, Tian L, Sufit R, Zhao L, et al. Effect of
resveratrol on walking performance in older people with peripheral artery disease:
the RESTORE randomized clinical trial. JAMA Cardiol. 2017;2(8):902-7. doi: 10.1001/
jamacardio.2017.0538, PMID 28403379.

McDermott MM, Spring B, Tian L, Treat-Jacobson D, Ferrucci L, Lloyd-Jones D, et
al. Effect of low-intensity vs high-intensity home-based walking exercise on walk
distance in patients with peripheral artery disease: the LITE randomized clinical trial.
JAMA. 2021;325(13):1266-76. doi: 10.1001/jama.2021.2536, PMID 33821898.

Mika P, Wilk B, Mika A, Marchewka A, Nizankowski R. The effect of pain-free treadmill
training on fibrinogen, haematocrit, and lipid profile in patients with claudication.
Eur J Cardiovasc Prev Rehabil. 2011;18(5):754-60. doi: 10.1177/1741826710389421,
PMID 21450630.

Monroe JC, Lin C, Perkins SM, Han Y, Wong BJ, Motaganahalli RL, et al. Leg heat
therapy improves perceived physical function but does not enhance walking
capacity or vascular function in patients with peripheral artery disease. J Appl Physiol
(1985). 2020;129(6):1279-89. 20201001. doi: 10.1152/japplphysiol.00277.2020, PMID
33002377.

Monteiro DP, Ribeiro-Samora GA, Britto RR, Pereira DAG. Effects of modified aerobic
training on muscle metabolism in individuals with peripheral arterial disease: a
randomized clinical trial. Sci Rep. 2019;9(1):15966. doi: 10.1038/541598-019-52428-7,
PMID 31685913.

Murphy TP, Cutlip DE, Regensteiner JG, Mohler ER, Cohen DJ, Reynolds MR, et al.
Supervised exercise versus primary stenting for claudication resulting from aortoiliac

S$351



Alshammari, et al.: CAM and Physical Therapies in Peripheral Arterial Disease

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

$352

peripheral artery disease: six-month outcomes from the claudication: exercise versus
endoluminal revascularization (CLEVER) study. Circulation. 2012;125(1):130-9. doi:
10.1161/CIRCULATIONAHA.111.075770, PMID 22090168.

Murrow JR, Brizendine JT, Djire B, Young HJ, Rathbun S, Nilsson KR, et al. Near infrared
spectroscopy-guided exercise training for claudication in peripheral arterial disease.
Eur J Prev Cardiol. 2019;26(5):471-80. 20180828. doi: 10.1177/2047487318795192,
PMID 30152245.

Nicolai SP, Teijink JA, Prins MH, Exercise Therapy in Peripheral Arterial Disease Study
Group. Multicenter randomized clinical trial of supervised exercise therapy with or
without feedback versus walking advice for intermittent claudication. J Vasc Surg.
2010;52(2):348-55. doi: 10.1016/j.jv5.2010.02.022, PMID 20478681.

Otsuka S, Morisawa T, Hojo Y, Ishida A, Tamaki A. Effect of home-based exercise
therapy for peripheral arterial disease patients underwent endovascular treatment:
A clinical controlled design. Phys Ther Res. 2021;24(2):120-7. 20210224. doi: 10.1298/
ptr.E10056, PMID 34532207.

Park SY, Kwak YS, Pekas EJ. Impacts of aquatic walking on arterial stiffness, exercise
tolerance, and physical function in patients with peripheral artery disease: a
randomized clinical trial. J Appl Physiol (1985). 2019;127(4):940-9. doi: 10.1152/
japplphysiol.00209.2019, PMID 31369328.

Park SY, Wong A, Son WM, Pekas EJ. Effects of heated water-based versus
land-based exercise training on vascular function in individuals with peripheral
artery disease. J Appl Physiol (1985). 2020;128(3):565-75. 20200206. doi: 10.1152/
japplphysiol.00744.2019, PMID 32027542.

Parmenter BJ, Raymond J, Dinnen P, Lusby RJ, Fiatarone Singh MA. High-intensity
progressive resistance training improves flat-ground walking in older adults with
symptomatic peripheral arterial disease. J Am Geriatr Soc. 2013;61(11):1964-70. doi:
10.1111/jgs.12500, PMID 24219197.

Ramirez JL, Gasper WJ, Khetani SA, Zahner GJ, Hills NK, Mitchell PT, et al. Fish oil
increases specialized pro-resolving lipid mediators in PAD (The Omega-PAD Il trial).
J Surg Res. 2019/02/13;238: 164-74. doi: 10.1016/j.j55.2019.01.038, PMID 30771686.

Ritti-Dias RM, Wolosker N, de Moraes Forjaz CL, Carvalho CR, Cucato GG, Ledo PP, et al.
Strength training increases walking tolerance in intermittent claudication patients:
randomized trial. J Vasc Surg. 2010;51(1):89-95. doi: 10.1016/j.jvs.2009.07.118, PMID
19837534.

Saxton JM, Zwierska |, Blagojevic M, Choksy SA, Nawaz S, Pockley AG. Upper-versus
lower-limb aerobic exercise training on health-related quality of life in patients
with symptomatic peripheral arterial disease. J Vasc Surg. 2011;53(5):1265-73. doi:
10.1016/j.jvs.2010.10.125, PMID 21215558.

Schiano V, Laurenzano E, Brevetti G, De Maio JI, Lanero S, Scopacasa F, et al.
Omega-3 polyunsaturated fatty acid in peripheral arterial disease: effect on lipid
pattern, disease severity, inflammation profile, and endothelial function. Clin Nutr.
2008;27(2):241-7. doi: 10.1016/j.cInu.2007.11.007, PMID 18237823.

Schweizer J, Hautmann C. Comparison of two dosages of Ginkgo biloba extract
EGb 761 in patients with peripheral arterial occlusive disease Fontaine’s stage
llb. A randomised, double-blind, multicentric clinical trial. Arzneim Forsch.
1999;49(11):900-4. doi: 10.1055/5-0031-1300524, PMID 10604042.

Shinsato T, Miyata M, Kubozono T, lkeda Y, Fujita S, Kuwahata S, et al. Waon
therapy mobilizes CD34+ cells and improves peripheral arterial disease. J Cardiol.
2010;56(3):361-6. 20100916. doi: 10.1016/j.jjcc.2010.08.004, PMID 20843662.

Spronk S, Bosch JL, den Hoed PT, Veen HF, Pattynama PM, Hunink MG. Intermittent
claudication: clinical effectiveness of endovascular revascularization versus
supervised hospital-based exercise training—randomized controlled trial. Radiology.
2009;250(2):586-95. doi: 10.1148/radiol.2501080607, PMID 19188327.

Szymczak M, Oszkinis G, Majchrzycki M. The impact of walking exercises and
resistance training upon the walking distance in patients with chronic lower limb
ischaemia. BioMed Res Int. 2016; 2016:7515238. doi: 10.1155/2016/7515238, PMID
27833919.

Tebbutt N, Robinson L, Todhunter J, Jonker L. A plantar flexion device exercise
programme for patients with peripheral arterial disease: a randomised prospective
feasibility study. Physiotherapy. 2011;97(3):244-9. doi: 10.1016/j.physio.2010.08.009,
PMID 21820543.

Tenore GC, D'Avino M, Caruso D, Buonomo G, Acampora C, Caruso G, et al. Effect of
annurca apple polyphenols on intermittent claudication in patients with peripheral
artery disease. Am J Cardiol. 2019;123(5):847-53. doi: 10.1016/j.amjcard.2018.11.034,
PMID 30573159.

Van Rij AM, Solomon C, Packer SG, Hopkins WG. Chelation therapy for intermittent
claudication. A double-blind, randomized, controlled trial. Circulation.
1994;90(3):1194-9. doi: 10.1161/01.¢ir.90.3.1194, PMID 8087928.

Van Schaardenburgh M, Wohlwend M, Rognmo @, Mattsson E. Calf raise exercise
increases walking performance in patients with intermittent claudication. J Vasc
Surg. 2017;65(5):1473-82. doi: 10.1016/j.jv5.2016.12.106, PMID 28285932.

Wang J, Zhou S, Bronks R, Graham J, Myers S. Effects of supervised treadmill-walking
training on strength and endurance of the calf muscles of individuals with
peripheral arterial disease. Clin J Sport Med. 2006;16(5):397-400. doi: 10.1097/01.
jsm.0000244604.70542.b2, PMID 17016115.

Wang J, Zhou S, Bronks R, Graham J, Myers S. Supervised exercise training combined

with Ginkgo biloba treatment for patients with peripheral arterial disease. Clin
Rehabil. 2007;21(7):579-86. doi: 10.1177/0269215507075205, PMID 17702699.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

11

Wang J, Zhou S, Bronks R, Graham J, Myers S. Effects of supervised treadmill walking
training on calf muscle capillarization in patients with intermittent claudication.
Angiology. 2009;60(1):36-41. doi: 10.1177/0003319708317337, PMID 18505746.

Woessner M, VanBruggen MD, Pieper CF, Sloane R, Kraus WE, Gow AJ, et al. Beet the
best? Circ Res. 2018;123(6):654-9. DOI: doi. doi: 10.1161/CIRCRESAHA.118.313131,
PMID 29976553.

Zwierska |, Walker RD, Choksy SA, Male JS, Pockley AG, Saxton JM. Upper-vs
lower-limb aerobic exercise rehabilitation in patients with symptomatic peripheral
arterial disease: a randomized controlled trial. J Vasc Surg. 2005;42(6):1122-30. doi:
10.1016/j.jvs.2005.08.021, PMID 16376202.

Cavalcante BR, Ritti-Dias RM, Soares AH, Lima AH, Correia MA, De Matos LD, et al.
A single bout of Arm-crank exercise promotes positive emotions and post-exercise
hypotension in patients with symptomatic peripheral artery disease. Eur J Vasc
Endovasc Surg. 2017;53(2):223-8. doi: 10.1016/j.ejvs.2016.11.021, PMID 28012910.

Cochrane DJ, Cochrane F, Roake JA. An exploratory study of vibration therapy
on muscle function in patients with peripheral artery disease. J Vasc Surg.
2020;71(4):1340-5. 20191013. doi: 10.1016/j.jv5.2019.06.214, PMID 31619350.

Dantas FFO, da Silva Santana F, da Silva TSR, Cucato GG, Farah BQ, Ritti-Dias RM. Acute
effects of t'ai Chi Chuan exercise on blood pressure and heart rate in peripheral
artery disease patients. J Altern Complement Med. 2016;22(5):375-9. doi: 10.1089/
acm.2015.0230, PMID 27058396.

Kenjale AA, Ham KL, Stabler T, Robbins JL, Johnson JL, Vanbruggen M, et al. Dietary
nitrate supplementation enhances exercise performance in peripheral arterial
disease. J Appl Physiol (1985). 2011;110(6):1582-91. 20110331. doi: 10.1152/
japplphysiol.00071.2011, PMID 21454745,

Labrunée M, Boned A, Granger R, Bousquet M, Jordan C, Richard L, et al. Improved
walking claudication distance with transcutaneous electrical nerve stimulation: an
old treatment with a new indication in patients with peripheral artery disease. Am
J Phys Med Rehabil. 2015;94(11):941-9. doi: 10.1097/PHM.0000000000000277, PMID
25802954.

Lima A, Ritti-Dias R, Forjaz CL, Correia M, Miranda A, Brasileiro-Santos M, et al. A
session of resistance exercise increases vasodilation in intermittent claudication
patients. Appl Physiol Nutr Metab. 2015;40(1):59-64. doi: 10.1139/apnm-2014-0342,
PMID 25485893.

Mackay |, Ford |, Thies F, Fielding S, Bachoo P, Brittenden J. Effect of omega-3 fatty
acid supplementation on markers of platelet and endothelial function in patients
with peripheral arterial disease. Atherosclerosis. 2012;221(2):514-20. doi: 10.1016/j.
atherosclerosis.2011.12.041, PMID 22296885.

Oakley C, Zwierska |, Tew G, Beard JD, Saxton JM. Nordic poles immediately improve
walking distance in patients with intermittent claudication. Eur J Vasc Endovasc Surg.
2008;36(6):689-94; discussion 695. doi: 10.1016/j.ejvs.2008.06.036, PMID 18835794.

Park SY, Pekas EJ, Headid RJ, 3rd, Son WM, Wooden TK, Song J, et al. Acute
mitochondrial antioxidant intake improves endothelial function, antioxidant
enzyme activity, and exercise tolerance in patients with peripheral artery disease.
Am J Physiol Heart Circ Physiol. 2020: H456-h467;319(2): 20200724. doi: 10.1152/
ajpheart.00235.2020, PMID 32706261.

Rodrigues LB, Forjaz CL, Lima AH, Miranda AS, Rodrigues SL, Cardoso CG, et al.
A single bout of resistance exercise does not modify cardiovascular responses
during daily activities in patients with peripheral artery disease. Blood Press Monit.
2014;19(2):64-71. doi: 10.1097/MBP.0000000000000022, PMID 24407028.

Siercke M, Jorgensen LP, Missel M, Thygesen LC, Moller SP, Sillesen H, et al.
Cardiovascular rehabilitation increases walking distance in patients with intermittent
claudication. Results of the CIPIC rehab study: A randomised controlled trial. Eur J
Vasc Endovasc Surg. 2021/06/08;62(5): 768-76. doi: 10.1016/j.ejvs.2021.04.004, PMID
34092489.

Correia A M, Oliveira PL, Farah BQ, et al. Effects of isometric handgrip training in
patients with peripheral artery disease: a randomized controlled trial. Journal of the
American Heart Association 2020;9:e013596.

McDermott MM. Exercise training for intermittent claudication. J Vasc Surg.
2017;66(5):1612-20. doi: 10.1016/j.jvs.2017.05.111, PMID 28874320.

Bauersachs R, Zeymer U, Briere JB, Marre C, Bowrin K, Huelsebeck M. Burden of
coronary artery disease and peripheral artery disease: a literature review. Cardiovasc
Ther. 2019;2019:8295054. doi: 10.1155/2019/8295054, PMID 32099582.

Bauersachs R, Zeymer U, Briére JB, Marre C, Bowrin K, Huelsebeck M. Burden of
coronary artery disease and peripheral artery disease: a literature review. Cardiovasc
Ther. 2019; 2019:8295054. doi: 10.1155/2019/8295054, PMID 32099582.

McDermott MM. Exercise rehabilitation for peripheral artery disease: a review. J
Cardiopulm Rehabil Prev. 2018;38(2):63-9. doi: 10.1097/HCR.0000000000000343,
PMID 29465495.

NICE. Peripheral arterial disease: diagnosis and management; 2020.

Hageman D, Fokkenrood HJ, Gommans LN, van den Houten MM, Teijink JA.
Supervised exercise therapy versus home-based exercise therapy versus
walking advice for intermittent claudication. Cochrane Database Syst Rev. 2018;
4(4):CD005263. doi: 10.1002/14651858.CD005263.pub4, PMID 29627967.

. Farhad A, Farooqui SI, Amjad S, Khan AA. Role of structured and supervised exercise

programmes in peripheral artery disease patients with and without claudication-A
Systematic Review and Metaanalysis. JPMA J Pak Med Assoc. 2019;69(6):874-8. PMID
https://www.ncbi.nlm.nih.gov/pubmed/3120139531201395.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024



Alshammari, et al.: CAM and Physical Therapies in Peripheral Arterial Disease

112. Li D, Nishi SK, Jovanovski E, Zurbau A, Komishon A, Mejia SB, et al. Repeated 114. Pittler MH, ErnstE.Complementarytherapiesfor peripheralarterial disease: systematic
administration of inorganic nitrate on blood pressure and arterial stiffness: a review. Atherosclerosis. 2005;181(1):1-7. doi: 10.1016/j.atherosclerosis.2005.02.021,
systematic review and meta-analysis of randomized controlled trials. J Hypertens. PMID 15939048
2020;38(11):2122-40. doi: 10.1097/HJH.0000000000002524, PMID 32723980. ’

113. Pittler MH, Ernst E. Ginkgo biloba extract for the treatment of intermittent
claudication: a meta-analysis of randomized trials. Am J Med. 2000;108(4):276-81.
doi: 10.1016/50002-9343(99)00454-4, PMID 11014719. Stockholm: Swedish Council on Health Technology Assessment (SBU).

115. Swedish council on health technology A. SBU systematic review summaries.
Peripheral arterial disease - diagnosis and treatment: A systematic review.

Cite this article: Alshammari MK, Hussain KH, Lshammari MRA, Alshammari HH, Althagafi HS, Bajunaid HR, et al. Effectiveness of Complementary and
Alternative Medicine and Physical Therapies in Peripheral Arterial Disease with Intermittent Claudication: A Systematic Review. Indian J of Pharmaceutical
Education and Research. 2024;58(2s):5340-s353.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024 S353



