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CHAPTER 1
INTRODUCTION

Background

World Health Organization reported that there were approximately 422 million
adults with diabetes in 2014 compared to 108 million in 1980. The global prevalence of
diabetes had been rising from 4.7% to 8.5% in the adult population and had risen faster
in the low and middle income countries than in the high income countries. (1) Since 2005
to 2013, incidence of diabetes in Thailand was 177 per 1000 and it significantly increased
in both male and female.(2) Moreover, the age and body mass index had a positive
relation with increased Diabetes prevalence.(2)

Type-2 diabetes, caused by insulin resistance, was mostly affecting on people
with diabetes.(3) People with diabetes were risky to a premature death because of the
complications(4) such as diabetic retinopathy, diabetic nephropathy, cardiovascular and
cerebrovascular problems. Most of these complications in people with diabetes were
usually caused by a chronic uncontrolled hyperglycemia inducing arterial blood vessel
damage. The damaged arterial vessels became stiff and increased in vascular resistance
which dued to poor blood circulation to the organs that they supplied. Therefore, diabetic
patients who had peripheral arterial complications with diabetic foot ulcers were likely to
have a high risk of lower limb amputation.(5)

Moreover, chronic uncontrolled hyperglycemia was one of the factors that
resulted in peripheral neuropathic symptoms which called diabetic peripheral neuropathy,
DPN.(6) The hyperglycemia condition produced micro and macro vascular alterations(7-
10) which caused poor blood supply to peripheral nerves and then the nerves had been
damaged(11, 12) or demyelination from hypoxia.(13) Impaired sensations and muscle
weakness of lower limbs from the DPN could disturb balance during walking, increased
risk of fall and reduced individual's daily activity performance.(14) Moreover, sensory
impairment from DPN could cause incurable foot ulcer which leaded to amputation.(9, 14)

The vascular and peripheral nerve complications in diabetes adversely affected patient’s



quality of life(9) and would bring a high expenditure to diabetic patients if they got an
improper management.(15) Therefore, the assessment and treatment for vascular and
peripheral neuropathic problems were very important in diabetes.

Glycemic control was the major treatment, but it was difficult to achieve for many
patients.(14) Using drug could help patient to get better but sometimes it also had side
effects.(16) Exercise program in physical therapy was another way to improve quality of
life in diabetic people who had micro-vascular disease because it was not only to
decrease risk of vascular disease, enhance glycemic control but also improved physical
function.(17-20) In addition exercise could reduce psychological responses to stress as
well.(21)

In 2001, Ezzo et al had found that massage not only improved Hemoglobin Alc
from baseline, decreased depression level,"and sleep better(22) but also relieved diabetic
neuropathic symptoms.(22, 23) On the other hand, massage also had adverse effects in
diabetic patients such as the following. The patient who used insulin, massage could
induce hypoglycemia and the patients who had vascular problem should avoid do friction
because it could induce vascular damage.(22)

In a Buddhist society, meditation was a widespread practice. Many evidences
supported and adviced that meditation and walking meditation had benefit to type-2
diabetes patients(24-27) same as weight bearing exercise. Both was useful to type-2
diabetes in many ways such as improved cardiovascular fitness, physical activity,
exercise capacity, glycemic control, muscle strength, fatigue, balance, arterial stiffness,
blood flow, quality of life or general well-being and decreased triglyceride, blood
pressure, and body mass index.(17-21, 25, 28-32) In 2014, Prakhinkit et al investigated in
depressed elderly and found that walking meditation had tendency to decrease
depression, low-density lipoprotein cholesterol, cortisol, and interleukin-6concentrations
more than traditional walking.(33) Similarly, Gainey et al, in 2016, had found that blood
cortisol level of type-2 Diabetic patients would reduce only in walking meditation group
and also arterial stiffness would decrease after the patients performed walking meditation

12 week.(25)



Base on the evidences, it couldn’t deny that people with diabetes and diabstic
peripheral neuropathy had resistance in blood flow.(34, 35) Several studies in diabetic
patients discovered that meditation could help blood flow and improved by increasing in
a flow-mediated dilation at right brachial artery of the patients.(25, 33) However, it was
lack of a study finding an effect of walking meditation on neuropathic symptoms,
peripheral blood flow of foot in individuals with type-2 diabetic peripheral neuropathy and
also lack of comparative research between the effects of walking meditation and massage
on peripheral blood circulation and neuropathic symptoms in person with type-2 Diabetic
peripheral neuropathy.

Accordingly, the purpose of this study was for comparison between walking
meditation and massage effects on peripheral blood circulation and neuropathic

symptoms in individuals with type-2 Diabetic peripheral neuropathy.



Conceptual framework
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Figure 1 Conceptual framework

EPC: Endothelial Progenitor Cells

CRP: C-reactive protein (CRP)

AGE: Advanced Glycation End Products
IL-6:  Interleukin-6

TNF-O: Tumor Necrosis Factor-Alpha



Research questions
Primary question
Does walking meditation improve peripheral blood flow and reduce neuropathic
symptoms in persons with type-2 diabetic peripheral neuropathy better than massage?
Secondary question
Does walking meditation improve quality of life in persons with type-2 diabetic

peripheral neuropathy better than massage?

Purposes
Primary objective
To determine effects of walking meditation compared with that of massage
on peripheral blood flow and neuropathic symptoms in persons with type-2 diabetic peripheral
neuropathy.
Secondary objective
To determine effects of walking meditation compared with that of massage

on a quality of life in persons with type-2 diabetic peripheral neuropathy.

Research hypothesis
Primary hypothesis
Walking meditation could improve peripheral blood flow and reduced
neuropathic symptoms in persons with type-2 diabetic peripheral neuropathy better than
massage.
Secondary hypothesis
Walking meditation could improve quality of life in persons with type-2

diabetic peripheral neuropathy better than massage

Study variables

Independent variables
1. Walking meditation
2. Massage



Dependent variables
1. Peripheral blood flow
2. Neuropathic symptoms

3. Quality of life

Confounding factors
1. Diabetes Duration
2. Age
3. Gender
4. Ever smoked
5. Drinking caffeine
6. Body mass index

7. Frequency of exercise

Abbreviations

DPN: Diabetic Peripheral Neuropathy

MNSI: Michigan neuropathy screening instrument (It is a tool to detect peripheral
neuropathic symptoms)

ABI: Ankle brachial index (It is a tool for detecting arterial stiffening, lower extremity
ischemia or Peripheral arterial disease)

PAD: Peripheral arterial disease

Clinical applications

Either walking meditation or massage might apply as an additional alternative
treatment for diabetic patients who had poor blood circulation of foot, neuropathic symptoms
and poor quality of life.

Walking meditation, which was effective, safe and easy to use by themselves
either at home or in the community, might apply as an exercise protocol for promoting
peripheral blood flow of foot in persons with diabetes.

Either walking meditation or massage was an incentive for individuals with

diabetes to look after themselves because it is easy to follow



CHAPTER 2
LITERATURE REVIEW

The review of literature included the following categories

1.

S o > »w N

10.
11.
12.
13.
14.
15.

Prevalence and incidence of diabetes
Characteristic of type-2 diabetes

Peripheral arterial disease

Assessment tools for peripheral arterial disease
Peripheral neuropathy in type-2 diabetes
Pathophysiology of diabetic peripheral neuropathy
6.1 Risk factors of peripheral neuropathy
Assessment tools for peripheral neuropathy
Peripheral blood circulation

Factors affect blood circulation

Assessment tools of peripheral blood flow
Quality of life in diabetes

Assessment tools of quality of life in diabetes
Effects of massage in diabetes

Effects of exercise in diabetes

Effects of meditation in diabetes



Prevalence and incidence of diabetes

World Health Organization reported that there were approximately 422 million
adults with diabetes in 2014 compared to 108 million in 1980. The global prevalence of
diabetes increased from 4.7% to 8.5% in the adult population and has risen faster in low
and middle income countries than in high income countries. (1) Since 2005 to 2013, the
incidence of diabetes in Thailand was 177 per 1000 and it significantly increased in both
male and female.(2) Moreover, age and body mass index had a positive relation with an
increase in diabetes population.(2)

Age, duration of disease, the level of fasting blood glucose and number of co-
morbidities were variable which increased cost of treatment in Diabetes. Complication
from Diabetes was a major impact on the cost. Patients with complications had median
cost more than who didn't have complications about USD$ 364.81. Common diabetes
complications were nephropathy, retinopathy, cardiovascular problem and
neuropathy.(5, 36) International Diabetes Federation predicted that in 2040, population
about 642 million will have diabetes and about 2.2 million people could be death from
diabetes and its complications such as cardiovascular problems and other diseases.(37)
So diabetes complication screening was an important for manage patients.

In 2014, Sobhani et al found that most of diabetic patients had neuropathy and
the symptoms disturbed their life.(37) In 2011,Jambart et al reported that more than half,
type 1 and type 2 diabetic patients in the middle east region felt numbness and burning
pain.(38) In 2012, Katulanda et al surveyed in developed country and found that at least

19.7% of persons with diabetes had diabetic peripheral neuropathy.(39)

Characteristic of type 2 diabetes

Type-2 diabetes was the most affect in people with diabetes. The body of person
with type-2 diabetes was able to produce insulin but the insulin was ineffective.(1, 40) The
type-2 diabetes showed an increased circulating level of insulin but it had insulin
resistance.(3) Therefore, the blood sugar level was still high and would resuit in further
complications.(1, 40) Hyperinsulinaemia was a compensatory condition which found in

type-2 diabetes to maintain blood glucose level.(41) Diabetes often found in people who
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peripheral neuropathy such as dry skin and loss of sweating which leaded to skin cracks,
infections and ulcers in the foot.(13) Moreover, alteration of thermal perception
thresholds(47), and neuropathic pain usually threatened daily life of the persons with type-
2 diabetic peripheral neuropathy (type-2 DPN).(42)

In diabetes, the nerve fibers in epidermis of the skin were significantly affected.
Thus, patients with type-2 diabetic peripheral neuropathy would feel like wearing a
stocking and glove, loss of pain sensation or “Novocain-like” insensitivity tingling, pins
and needles sensation, burning, electric shock, allodynia, and hyperalgesia.(15) These
conditions disturbed during walking, increased the risk of falling and leaded to disability
or infest individual's ability to perform daily activity and also risk to incur uicer and
amputation.(9, 14)

Approximately 34% of persons with type-2 DPN had neuropathic pain(48) and it
had likely aggravated at night.(49) It disturbed patients when they were sleeping(10) So,
the patients might have negative quality of life.(15) Moreover, diabetes costed a lot

because it was a chronic disease.(15)

Pathophysiology of diabetic peripheral neuropathy

Oxidative stress was an important factors of vascular complications in diabetes
patients because of free radical formation.(50) Chronic hyperglycemia leaded to micro
and macro vascular alterations(7-10) which resulted in nerve damage or demyelination
from nerve hypoxia(11, 12), especially ¢ fiber.(13) As a result of hyperglycemia causing
advanced glycation end products (AGE), oxidative stress induced vascular damages
were increasing. Therefore, it would decrease blood flow that supplied to peripheral
nerves and then the nerves and myelin sheath would be degenerated.(51)

In addition, level of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-Q)
were increased in chronic hyperglycemia(51). These cytokines express in
macrophages(52) playing role in cell apoptosis(53) and induced peripheral diabetic
neuropathy.(52) They were also the keys of inflammatory which would damage nerve cell

together with disruption of sodium channels of sympathetic neurons that resulted in






15

Abnormal metabolic was the factor of atherosclerosis, proatherogenic because
it had higher level of ¢ reactive protein (CRP) which was an inhibitor of endothelial cell
nitric oxide synthase, so that patients would have a vascular problem and higher risk to
turn to be peripheral arterial disease. Thus diabetic patients had a higher risk of
cardiovascular disease than normal people.(58)

Generally, endothelial cells had a role to maintain vascular homeostasis for
preventing thrombosis and leukocyte diapedesis and helped blood flowed smoothly. (48)
It was also providing a physical barrier between vessel wall and lumen and secreted a
number of mediators that regulated platelet aggregation, coagulation, fibrinolysis and
vascular tone(57) resulting in irregular endothelial cells (endothelial dysfunction)(57)
which leaded to increase synthesis of vasoconstrictor protanoids and endothelin,
artherosclerosis and vascular smooth muscle cell apoptosis. (48)

Diabetic patients had less circulating Endothelial Progenitor Cells (EPCs) which
were immature cells growth to be a mature endothelial cell. EPSs were direct contributors
to the homeostasis and repaired of the endothelial layer. Thus, Endothelial Progenitor
Cells (EPCs) dysfunction was associated with atherosclerosis.(57)

Endoplasmic reticulum stress was also a factor in vascular dysfunction in
diabetes because it disrupted the mechanism of insulin signaling in liver, adipose tissue
and pancreas, increase c-Jun N-terminal kinase (JNK) and catalytic | kappa B kinease
subunits activity and induced inflammation associated with [nsulin receptor substrate-1
(IRS-1) signaling impairment. So impaired vascular function by inflammation and oxidative
stress were also from endoplasmic reticulum stress.(49)

The physiology and chemical had changed in the body draw type-2 diabetes
patients into a circuit of vascular problems. In 2016, Fakhrzadeh et al showed that
diabetes had high coronary artery calcium score that was an atherosclerosis marker. The
higher score meant a higher risk of coronary heart disease. A homeostatic model
assessment-insulin resistance predicted risk of coronary events as well. Beside that a
decreasing respense in flow mediated dilation showed a severity of vasodilation

defect.(59)
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changed hemodynamic, so small fiber's endoneurial was hypoxia.(15) Somebody had no
problem with nerve but also had a neuropathic symptoms because of other mechanism
like hyperactivity of polyol pathways(65), oxidative and nitrosative stress, microvascular
changes, channels sprouting, microglial activation, central sensitization, and brain

plasticity.(66)

Assessment tools for peripheral neuropathy

The type-2 DPN complication affected to patient’s life, so that assessment and
treatment for peripheral neuropathy was very important. Standard method to assess
diabetic peripheral neuropathy was nerve conduction velocity (NCV)(67) but it still had
limitation to use especially in community because it had high cost and need specialist to
do it. In 2015, Xiong et al had studied about diagnostic capabilities of the tools for
diagnosing diabetic peripheral neuropathy which were neuropathy symptom and change
score {NSC), neuropathy impairment score (NIS) and Michigan neuropathy screening
instrument (MNSI). They had applied the tools to assess peripheral neuropathy in 131
type-2 diabetes patients and calculated the correlations of the assessment results with
the standard methods, electromyography and nerve conduction velocity. They found that
the NIS, NSC, and MNSI significantly correlated with standard methods by r=0.653,
r=0.625 and r=0.440-0.618 in respective.(67)

Michigan neuropathy screening instrument (MNSI)

Michigan neuropathy screening instrument (MNSI) was an accuracy, useful
for diabetic neuropathy.(68) In 2015, Damri et al translated Michigan neuropathy
screening instrument into Thai language and found that it had high reliability and
validity.(69) And it could separate normal people from diabetes peripheral neuropathy
patients by subjective and physical examination scores. If the subjective examination
score was more than 7, it could mean you have a diabetes peripheral neuropathy.(69) For
the physical examination cut off score was 2 points which indicated peripheral
neuropathic condition. MNSI had a sensitivity of 65% and specificity of 83%.(68) There

was a significant positive relationship between number of neuropathies assessed by MNSI
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and a mean of diabetes duration.(70) and a negative correlation with ankle brachial
index.(71)

Anyway, MNSI couldn't absolutely confirm whether patients had diabetes
neuropathy due to the research of Mete et al in 2013 had found that some patients who
had dysfunction detected by neurothesiometer could not be detected by MNSI and
EMG.(72) However, disadvantage of EMG and neurothesiometer weren't widely used
because of high cost and the requirement of experienced assessor.

Due to MNSI assessment depended on only symptoms, it might be some
mistaken diagnosis. On the other hand, the strength point of Michigan neuropathy
screening instrument was telling what patients felt or what symptoms happened to them
which were the main of the problem in patient that affected to everyday life. We could not
deny that MNS! was easy to use, and cheap. Thus, it was appropriate to detect peripheral
neuropathic symptoms.

Assessing diabetic peripheral neuropathy usually consisted of sensory and
motor testing because most of peripheral nerves were mixed nerves which conducted
both sensory and motor nerve impulses. If the nerve degenerated, it would show various
types of sensory loss such as pain, pressure and vibration senses and also showed motor
weakness or decreased in deep tendon reflex.(73) However, the sensory or the small
nerve fibers usually degenerated before the motor or the large nerve fibers. Therefore, the
early detection of peripheral neuropathic symptoms should concern on a sensory loss
which could be assessed by monofilament testing with 10 g monofilament and, vibration

perception testing with 128 Hz tuning fork.(73)

Monofilament sensory testing
Monofilament sensory testing by 10 g monofilament was generally used for
detection of a sensory loss of light pressure(73) or protective sensation(74) of diabetic
foot. Assessor used 10 g monofilament to test foot of patient about six sites on each
foot.(73) Supine position was an appropriated position fo test patients, at first, assessor

had to demonstrate at patient’s arm during closing their eyes and let them feel what they









21

assessor demonstrated what patient should feel when tuning fork placed on the sites by
sample at wrist of patient at the first time.(79) When patient understood, start to place the
tuning fork on the sites of foot such as great toe(78), don’t forget to supports the under
the toe that assessor tested(77) and count the time immediately and stop count the time
when participants could not feel vibration from tuning fork, repeated test for 3 times per
sites and calculated mean of the results, then assessor records the time.(79) If patient
couldn’t perceive the vibration sense while the assessor is still feeling it vibrated, this

would demonstrate that patients had abnormal response of vibration sense.(80)

Peripheral blood circulation

Heart was a major organ pumping blood like a cycle to the body through blood
vessels. So if heart had problem in function, blood flow would decrease. Additionally,
blood flow depended on internal diameter of blood vessel that was increased (dilated) by
relaxing of smooth muscle cells in the vessel's wall.(81)

Cardiovascular disease was another one factor which decreased blood flow for
example coronary heart disease caused by forming of plagues in the vessel. The plaque
formation resulted in structural change of the vessel into a narrow fumen that leaded to
decrease blood flow. Risk factors of cardiovascular disease were smoking, obesity,
hypertension and diabetes.(82)

Moreover, length of the vessel, viscosity of blood and hot environment and high
blood pressure were also factors which related to blood flow.(81) In 1985, Levenson et al
had found pre-hypertension patients had higher blood flow at brachial artery (13611
ml/min) than healthy person (72+8).(83) Sc it was possible that high biood pressure was

positive correlation with quantity of blood flow.

Assessment tools for peripheral blood flow
Doppler Ultrasound
Doppler Ultrasound had been found to insulate stenosis by evaluation of a
diameter reduction greater than or less than 50% with a sensitivity of 77%-82% and a

specificity of 92%-98%.(35) In 2007, Flanigan et al found evidence of early atherosclerotic
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disease in the proximal superficial femoral artery about 75% of patients.(46) The abnormal
superficial femoral artery was able to detected by duplex ultrasound although patients
showed a normal ankle brachial index and without a history of clinically evidence
atherosclerotic symptoms.(46)

Anyway, an abnormal ankle brachial index was also associated with an
abnormal superficial femoral artery duplex ultrasound. So superficial femoral artery duplex
ultrasound could be an indirect marker to identified early lower extremity atherosclerosis
more accurate than using ankle brachial index(46) In 2014, Hatmi et al used ankle brachial
index to detect coronary artery disease which was a vascular problem and found that
ankle brachial index had low sensitivity to detect and predict this problem. Therefore, the
assessor should consider other risk factors together with an evaluated ankle brachial
index.(83)

Doppler ultrasound was non-invasive technigue which didn’t need to prepare
patients before study and didn't have a radiation exposure(35) while ankle brachial index
had some limitation such as it couldn’t use with patients who had an excruciating pain in
lower legs of feet or severe pain associated with lower extremity wound.(84) Patients who
had neuropathic symptoms often had pain therefore the ABI assessment might be limited.
Additionally, a deep vein thrombosis was also a contraindications for ankle brachial index
assessment.(84)

Thus, the Doppler ultrasound was useful for screening and follow-up or
diagnosis of peripheral arterial disease. The color mode of a Doppler ultrasound could

detect stenosis or occluded segments, pulsed wave, and flow velocity in each artery.(35)

Quality of life in diabetes

Chronic disease was like diabetes affected in many ways. Some people with
diabetes had to diet, avoid eating their favorite food, always taking a medicine and
exercise strictly. All of these forces, people changed their lifestyle and some people felt
unsafely as they didn’t know when diabetes relapsed. Sometimes diabetes had also
affected to socioeconomic because the patients had to pay for public services or to treat

themselves from diabetes that made patients feel as a burden of family.
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tn 2016, Timar et al had found that Michigan neuropathy screening instrument
had a correlation with patient’'s quality of life.(85) It meant people who had problem with
peripheral neuropathy had tendency to have poor quality of life. In 2014, Dobrota et al
reported that neuropathic pain was a major factor which extremely reduced quality of life
in Diabetes contrasting with diabetes without neuropathic pain because neuropathic pain
disturbed sleeping, and walking distance. Moreover, the patients with DPN had more
medical treatment than patients without DPN.(86)

In 2011, Heebkaew et al used the WHOQOL-BREF-THAI-26 to assess a quality
of life in type-2 diabetes and found that type-2 diabetes patients had moderate quality of
life.(87) Relevant factors affect a quality of life of the patients including of income, duration
of diabetes, stress and ability of independent self-care.(88) The diabetes patients also
risked to have a depression although it had only 15.83% of risk.(89) Moreover, diabetes
duration associated with depression(89) had more effect in female than in male.(89, 90)
Some studies used SF-36 to measure a guality of life in diabetic patient such as Morales
etal, in 2015 They had found that diabetes had problem in bodily pain(90) which affected
to daily living, Contrastingly, In 2015, Duangjinda et al had found that type-2 diabetes
patients had good quality of life.(87) This might be due to a different regions, socials,
cultures, and tradition.

In 2015, Munparn et al applied a patient-reporied outcome measure of
pharmaceutical therapy quality of life (PROMPT-QOL) to assess a quality of life in chronic
patients. It had been found that the patients had a moderate level of overall quality of
life.(16)

From evidence-based review, not only clinical variables but also a gquality of life
in diabetes was affected by DPN. Thus assessing the quality of life of diabetic patients

might also help to evaluate the improvement of the patient's well-being.(91)
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Assessment tools for quality of life in diabetes
Asian Diabetes Quality of life (Asian DQOL)
Asian DQOL was valid and reliable to assessing guality of life in multi-ethnicity
and multi-lingual Asian populations with type 2 diabetes.(92) However, this assessment

tool had never been used in Thai People and translated in Thai.

Short-form 36 (SF-36)

This assessment tool was widely used to evaluate quality of life by self-
evaluation. It consisted of 36 items that categorized into eight domains (physical
functioning, role-physical, bodily pain, general health, vitality, social functioning, role-
emotional and mental healith).(93, 94) SF-36 had good reliability and validity except vitality
and role-emotional scales and it could discriminate people at least 88%.(95) In 2005,
Leurmarnkul et al used a forward-backward translation for check internal consistency
reliability of SF-36 (Thai-version) in 448 people and had found that it was acceptable
internal consistency by getting 0.7 of Chronbach’'s alpha coefficients in all
dimensions.(95) SF-36 was also used to assess a quality of life in diabetic patients(93)
and Type-2 diabetes mellitus patients with poor glycemic control.(94) However, there was
another instrument which was acceptable to use in diabetes patients and also assessed

a quality of life with less questions than SF-36, that was WHOQOL-BREF-THAI (short form).

WHOQOL-BREF-THAI (short form)

WHOQOL-BREF-THAI (short form) was a questionnaire for quality of life
assessment. It had 26 questions which developed from WHOQOL-BREF-THAI full version
(100 guestions). It had 24 dimensions by 1 question represents 1 dimension and other 2
questions were about general health. WHOQOL-BREF-THAI showed acceptable internal
consistency (Cronbach’s alpha coefficient is 0.8406) and concurrent validity was 0.6515
when compared with WHOQOL-BREF-THAI full version.(96) In 2014, Maudrene et al used
WHOQOL-BREF (short form) among type-2 Diabetes Singaporean patients and had found
that it also had acceptable internal consistency (Cronbach'’s alpha coefficient about 0.76-

0.87) and the physical domain of WHOQOL-BREF (short form) was able to discriminate
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In 2016, Mitranun et al had found that all 3 groups of exercise training (crunch
training, side crunch training and leg raise training) increased shear stress when
measured by ultrasound Doppler at right brachial artery and also significantly increased
blood flow in healthy subjects.(99)

Referring to blood pressure, In 2012, Dobrosielski et al had found that exercise
(consisted of 2 sets of seven exercises at 10 to 15 repetitions per exercise at 50 % of 1-
repetition maximum on a multistation machine) and aerobic exercise (exercise 45 minutes
with treadmill or stationary cycle or stair stepper and also monitor heart rate by setting
target range at 60% to 90% of maximum heart rate) 3 times per week for 6 months were
able to increase aerobic capacity, strength fitness and lean body mass but had no
reduction in blood pressure.(100)

In 2014, Mitranun et al reported that 3 months of interval aerobic exercise on
treadmill (3 days per week) not only decreased systolic blood pressure but also improved
muscle strength, maximal oxygen consumption, and blood flow.(101)

n addition, exercise training to prevent and delay peripheral arterial disease in
type-2 diabetes was proved by Gibbs, et al in 2013. They gave supervision 45 minutes
aerobic and resistance exercise training to person with type-2 diabetes for 6 months. After
6 months, they had found that ankle brachial index of subjects improved and The ABI
correlated with decreased hemoglobin A1c and blood pressure.(102) Accordingly, Dijk
et al had found that an endurance exercise was able to reduce hyperglycemia.(103)
Exercise or physical activity about a minimum of 20-30 minutes per day improved insulin
sensitivity, enhanced glucose uptake into exercising muscle, increased post-receptor
insulin signaling and also decreased relative risk of type-2 diabetes, so it could be a
guideline for designing a diabetes prevention exercise program.(41)

Several studies supported that weight bearing exercises were usefu!l to type-2
diabetic patients in many ways. Weight bearing exercises not only improved
cardiovascular fitness, physical activity or exercise capacity, glycemic control, muscle

strength, balance, blood flow, quality of life or general well-being but also decreased
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muscle fatigue, arterial stiffness, blood pressure, triglyceride, and body mass index.(21-
25, 29-34)

In addition, exercise might induce shear stress which was a regulator of nitric
oxide and supported vascular function.(104) In 2008, Padilla et al had found elevated
shear stress after participants walking on treadmill immediately in healthy subjects and
compared results which measured after walking 1 hours, 2 hours and 3 hours. They found
acute effect of walking 45 minutes on treadmill got higher shear stress(104) so it was

possible that habitual exercise would help endothelial repair.

Effects of meditation in Diabetes

In a Buddhist society, meditation was a widespread practice and also found in
Christianity, Judaism anpl Islam.(105) Meditation was doing something and paid attention
or concentrated on movement of the body(25, 33), to be conscious to internal and external
sense(105) such as walking meditation so it was different from just a slow walking.
Meditation was known for induction of an innate relaxation response which leaded to
reduce psychological stress.(106) Heart rate variability was an indicator which showed
balance status of autonomic nervous system that consisted of two branches, first was
parasympathetic branch (Very Low Frequency: frequencies between 0.0033 to 0.04 Hz)
and second was sympathetic branch (High Frequency: frequencies between 0.15 to 0.4
Hz).(107)

A high heart rate variability was a positive result in normal people, on the other
hand decreased heart rate variability reflected over-activity of sympathetic nervous
system.(106) Moreover, people who had mental problem might have reduction of heart
rate variability by provoke cardiac rhythm.(108)

Numerous studies reported that meditation was not only benefits on
psychological stress but also on physiological. in 2003, Matzner studied about heart rate
variability before and during meditation in four different subjects who were advanced
practitioners of yoga meditation and found that meditation induced a balance between

sympathetic and parasympathetic nervous system by increasing power in the Low
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Frequency band or intervening band(107) which was related to a balance of autonomic
nervous system(109) because it was an important variable which reflected an activity of
parasympathetic and sympathetic.(110) In 2017, Kiran et al included participants who
were meditators and non-meditators and found that mean values of heart rate in
meditators had lower heart rate more than non-meditators significantly. They had
described about the difference that meditation was an activity which induced
parasympathetic to predominance and reduced sympathetic activity.(111) In addition,
they also advised that meditation at least 15-30 minutes was appropriate to decrease
sympathetic activity which could reduce cardiovascular risks and stress.(111)
Accordingly, a study of Ankad et al. in 2011 had found that resting pulse rate, systolic
blood pressure, diastolic blood pressure and mean arterial blood pressure were reduced
after practiced pranayama and meditation for 15 days.(112) So, it might conclude that
meditation had benefit on cardiovascular functions. Moreover, in 2006, Labrador et al
investigated participants who had stable chronic heart disease and separated them into
two groups, a transcendental meditation group and a health education group. After 16
weeks of intervention, they had found that transcendental meditation improved systolic
blood pressure, insulin resistance and also heart rate variability.(113)

In 2014, Prakinkit et al had discovered that aerobic walking exercise with
Buddhist walking meditation in depressed elderly was salutary. it significantly decreased
depression score of the elderly.(33) This research(33) suggested that the effects of
walking exercise with meditation on functional fithess and vascular function should be
further investigated.

In 2008, Fang had found that 4 months of Brocade (movement of limb combined
with breathing and minds concentration) practice in type-2 diabetic patients was able to
improve Hemoglobin-A1c.(24) Similarly, Gainey et al, in 2016, had found that Buddhist
walking meditation helped to control biood sugar such as hemoglobinAlc, decreased
blood pressure as well as improved vascular function in type2 diabetes.(25)

fn 2012, Hartmann et al had found that body and meditation practices decreased

level of stress, and diastolic blood pressure, as well as improved health status in type-2






Research design

CHAPTER 3
METHODOLOGY

This study was a randomized controlled trial. The study was approved by The

Ethics Committee of Strategic Wisdom and Research Institute, Srinakharinwirot University

(Ethical code: SWUEC-160/61E), and was registered the Thai Clinical Trials Registry

(TCTR), Thailand with the number TCTR20190125001 since January 24, 2019.

Research Setting

The research was conducted at the That Phanom Community Health Center,

Nakhon Phanom, Thailand.

Participants

Inclusion criteria

The inclusion criteria included of the following;

1
2.

Type-2 diabetes patients diagnosed by a physician

Had neuropathic symptoms: defined by MNSI score in subjective
examination more than 7 points or objective examination more than or
equal to 2 points.

Age 40-70 years old.

Duration of diabetes more than 5 years.

Patient didn’t have injury condition recently(99) such as acute severe

pain, ankle sprain or muscle strain.

Exclusion criteria

The exclusion criteria included of the following;

1.

2.

Abnormal peripheral blood flow indicated by abnormal ankle brachial
index (ABI) which was under 0.91 or over 1.3

Smoking or just quit smoking less than 1 month.(115)
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for 3 times. Then assessor calculated a mean time from the 3 tests to represent as

vibration sensory perception of the participant.(79)

Quality of life assessment by WHOQOL-BREF-THAI (short form).(96)

This research used WHOQOL-BREF-THAI (short form) questionnaire to evaluate
the quality of life of the participants. This questionnaire consisted of 2 types of questions
which were perceived objective and self-report subjective. The questions had categorized
as 4 domains which were about physical, psychological, social and environment. (96)
There were 23 positive questions and 3 negative questions (i.e. Question number 2, 9, 11)
and the rating of the questionnaire separated to 2 parts. For the part one, the positive
questions, 5 points meant disagree and 1 point meant agree. The part two, the negative
questions, 5 points meant agree and 1 point meant disagree. The total score of all 26
questions was 130 points. This questionnaire classified the quality of life into 3 levels by
the evaluated score as follows;

26-60 points were defined as a bad quality of life

61-95 points were defined as a moderate quality of life

96-130 points were defined as a good quality of life

The 26 questions of WHOQOL-BREF-THAI (short form) were grouping into 4

domains that were also considered as 3 levels of the quality of life in each domain as

following:
Physical : question number 2, 3, 4, 10, 11, 12, 24
Psychological : guestion number 5, 6,7, 8, 9, 23
Social : question number 13, 14, 25

Environment guestion number 15, 16, 17, 18, 19, 20, 21, 22
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Table 2 Domain and Level of quality of life in WHOQOL-BREF-THAI(96)

Bad quality of life Moderate quality of life Good quality of life

Domains
(point) (point) (point)
Physical 7-16 17-26 27-35
Psychological 6-14 15-22 23-30
Social 3-7 8-11 12-15
Environment 8-18 19-29 30-40
Overall 26-60 61-95 96-130

Question number 26 was different from other questions because it showed

overall quality of life and health.

Protocol for a control group

The participants in control group did only stretching exercise at home which were
warmed up and cooled down for 10 minutes by stretching gluteus maximus, quadriceps,
hamstrings and gastrocnemius of both sides. The assisted researcher called them by

phone to alert the participants to do stretching exercise every 3 days a week.

Figure 22 Stretching of gluteus maximus muscle



Figure 23 Stretching of quadriceps muscle

Figure 24 Stretching of hamstrings muscle
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Phase 1
The participants perceived their standing posture and pronounce “Yuern-

Nor (ﬁuuu@)” while they were standing for 3 times as shown in figure 27.

Figure 27 standing posture during walking meditation in phase-1. (117)

Then the participants started walking by focusing on foot moving alternately while
voicing “Right-Yang-Nor (191-81149-11148)” and “Left-Yang-Nor (T18l-8i149-11148)" about 3
meters as shown in figure 28. After that the participants turned around and did phase-1

of walking meditation repeatedly for 10 minutes.
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6

Figure 28 walking meditation in phase-1.(118)

Phase 2
Participants perceived their standing posture and pronounce “Yuern-Nor (ﬁu—

1Ua)” while they were standing for 3 times same as phase-1 as shown in figure 27.

6

Figure 29 walking meditation in phase-2.(121)

Then the participants started walking by lifting their foot while voicing “Yok-Nor

(&n-118)” to step forward and then voiced “Yheab-Nor (mﬁﬂu—uu'ﬂ)" simultaneously with





















Flow chart of the study process
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Flow chart for summarizing the process of the study

Participants who meet the inclusion criteria

sign consent form

}

Baseline assessment
Neuropathic symptoms
Peripheral blood flow
Quality of life

!

Walking meditation
3 times/week, 4 weeks

|

y

l

Massage
3 times/week, 4 weeks

Control
3 times/week, 4 weeks

Assessment after treatment
Neuropathic symptoms
Peripheral blood flow

Quality of life

Data analysis

Figure 40 Flow chart of the study process

Data analysis

The general and clinical characteristics of participants were described by

descriptive statistical analysis. The outcome data were tested for normal distribution by

Kolmogorovsmirnov test. Comparison of the research outcomes among walking

meditation, massage and control groups were analyzed by Kruskal Wallis test, and then

comparison between each other group was analyzed by Mann-Whitney U test. Wilcoxon’s

matched pairs test had been used for comparison between post-intervention and baseline

within each group. The level of significance was set at p<0.05.




CHAPTER 4
RESULTS

The purpose of this study was for investigation in the comparative effects of walking
meditation (WM) and massage (M) on peripheral blood circulation, neuropathic symptoms
of diabetic foot and also the quality of life (QolL) in persons with type-2 diabetic

peripheral neuropathy (type-2 DPN). The research findings were as follows.

Participants and baseline characteristics

There were 54 persons with diabetes who passed the inclusion and exclusion
screening, but only 30 persons volunteered to attend the research protocol. The others
who refused attending the research because of inconvenience were mostly due to
working.

The thirty volunteers with type-2 diabetes (type-2 DM) aged between 42-69 years
were randomized into WM (n = 10), M (n = 10), and control (n = 10) groups. Four participants
withdrew from the study; two participants in WM group, one participant in M group, and
one participant in control group. Three of them temporary moved their residence to other
province, and the other one was inconvenient to continue throughout the research intervention.
Therefore, throughout the research, there were seventeen participants in the experimental
groups (WM: n =8, M: n=9), and 9 participants in the control group.

The baseline characteristics about gender, age, body mass index, waist
circumference, and ankle brachial index (ABI) of each group were presented in Table 5.
The baseline characteristics related to heuropathic symptoms represented by pressure sense,
as the percentage of the intact spots out of 12 tested spots from 10-gram monofilament
testing, and by vibration sense, as the perception time of a vibration from 128-Hz tuning
fork (the length of time since feeling the vibration until not feeling) were also shown in Table 5.
In addition, the peripheral blood flow at dorsalis pedis and posterior tibial arteries measured
by ultrasound Doppler, and the score of QoL assessed by World Health Organization Quality of
life BREF Thai (WHOQOL-BREF-THAI) before training were presented in Table 5. At
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baseline, there was no significant difference among three groups in all characteristics

mentioned above as shown in Table 5.

Table 5 Baseline characteristics of the participants in walking meditation (WM), massage

(M) and control (C) groups.

Mean + SD
Characteristics of participants WM group M group C group p-value®
(n=8) (n=9) (n=9)
Gender: Male/Female 3/5 217 217
Age (years) 53.50 +6.07 56.88 + 10.06 55.88 +5.75 .634
Body Mass Index (kg/mz) 25.67 + 3.92 2527 £3.23 2518 £ 3.25 1.00
Waist circumference (cm) 84.87 + 7.05 85.66 + 6.76 84.44 + 492 .954
Ankle Brachial Index (ABI)
- Leftside 1.09 + .08 1.01 +£.09 1.06 £ .07 .233
- Right side 1.02 £ .03 1.01 .10 1.08 £ .08 .094
Pressure sense testing (%) 063.75 * 68.33 + 10.60 69.44 + 20.68 481
12.46
Vibration testing (sec)
- Left side 10.50 £ 3.32 11.02 £ 3.62 10.05+£6.11 921
- Right side 712 +3.42 8.34 +3.43 8.27 £4.77 .821
Peripheral Blood Flow (TTcm®/s)
- Left Dorsalis Pedis artery 24 £ .07 .13+.03 19+ .10 .295
- Right Dorsalis Pedis artery .26 + .07 16 +.04 24 + .09 .716
- Left Posterior Tibial artery 21 +£.04 20+ .04 A7 +.05 565
- Right Posterior Tibial artery .21+ .06 .26 £ .05 21+ .05 750
Quality of life (points) 98 £ 14.65 94.55 + 8.81 106.44 + 10.60 .074

p—value$ = p-value from comparison among the three groups by Kruskal-Wallis test.
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Comparison of the studied outcomes among walking meditation, massage, and control

groups, and between pre- and post- training within each group.

The primary outcomes of the study included of neuropathic symptoms and
peripheral blood flow of both feet. The secondary outcome of the study was QoL. The
studied outcomes of the WM, M, and control groups were shown as mean + SD in Table 6.
After training, the WM and M groups demonstrated higher percentages of the intact pressure
sense than baseline significantly (p=.012), while the control group did not. Similarly, both
WM and M groups showed significant longer perception time of vibration from tuning fork
testing than baseline (p=.012), especially the WM group had longer vibration perception time
at both left and right sides while the M group only presented at the right side (Table 6).
Moreover, at post-training, the WM and the M groups revealed significantly higher
percentages of the intact pressure sense when compared to the control group at p=.001
and p=.014 respectively as shown in Table 7. However, there was no significant difference in
the percentage of intact pressure sense between WM and M groups (Table 7).

Considering of the studied outcomes related to peripheral blood flow, both WM
and M groups had significantly higher biood flow at post-training than their baseline,
particutarly the M group, whereas the control group did not show in Table 6. At post-
training, the M group got significantly higher peripheral blood flow to the foot in three
arteries, i.e. left posterior tibial, left and right dorsalis pedis arteries, when compared to
the baseline (p<0.01) as presented in Table 6. Meanwhile, the WM presented significantly
higher peripheral blood flow to the foot in the right posterior tibial artery compared to the
baseline (p=.017) as showed in Table 6. In addition, at post-training, either WM or M group
significantly demonstrated higher blood flow to both feet than the control group (p<0.05),
but no significant difference in the blood flow between the WM and M groups was found
as showed in Table 7. The M group showed significantly higher blood flow in the left and
right dorsalis pedis and the left posterior tibial arteries when compared to a control group
at p=.034, p=.015, and p=.019 in order (Table 7). Also, the WM group significantly presented
a higher blood flow compared to the control group in the left and right dorsalis pedis

arteries at p=.007 and p=.021 respectively as showed in Table 7.
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Furthermore, at post-training, this study had been found that the diameters of the
interested arteries, dorsalis pedis and posterior tibial arteries of both feet, in both WM and
M groups were significantly larger than their baseline (p<0.05) and also larger than the
control group (p<0.05) as showed in Table 8 and Table 9 in respective. In contrast, the
dorsalis pedis and posterior tibial arteries’ diameters of the control group did not change
when compared between pre- and post-training. For the meantime, it had been found that the
flow velocity (Table 8) and the shear stress (Table 10) measured at dorsalis pedis and
posterior tibial arteries of both feet were not significantly different either between pre- and
post-training or between groups, except the flow velocity of the right dorsalis pedis in the
M group at post-training was faster than at pre-training significantly as showed in Table
8.

Considering of the QoL assessed by WHOQOL-BREF-THAI, there was no significant
difference between pre- and post-training within each group, and among the three groups
(WM, M, and control groups) as well (Table 6). Moreover, there was no report about the

adverse effect during and after participated in every subject who attended this study.
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CHAPTER 5
DISCUSSION AND CONCLUSION

The current study gave an education and motivated type-2 diabetes patients to
look back and take care themselves by doing the activities as walking with meditation or
self-massaging their legs about three times per week for four weeks. Post intervention,
either the walking meditation (WM) group or the massage (M) group showed significant
improvementin pressure sense testing when compared to baseline and also to the control
group (WM: p=.012, M: p=.001). Additionally, the WM and M groups significantly
presented better vibration perception after the intervention compared to baseline
(p=.012). The results of this study also showed that either WM or M clinically improved
neuropathic symptoms in type-2 diabetes from moderate to minimal severity which related
to the classification of neuropathic symptoms severity assessed with 128 Hz tuning fork
by Oyeretalin2007.(77) They divided the severity of diabetic peripheral neuropathic
(DPN) symptoms into three levels by using a 128 Hz tuning fork as follows. The severity
of DPN symptoms at minimal, moderate, and maximal levels referred to patients who were
able to detect vibration from the tuning fork for 12-17 seconds, 5-11 seconds, and <4
seconds respectively.(77) So, the findings related to the improvements of the pressure
and vibration senses in WM and M groups of this study suggested that either WM or M
was able to improve the protective sensation of the diabetic foot. Since the impaired
protective sensation of the diabetic peripheral neuropathy was one important factor
resulting in increased foot ulcer.(118-120) Therefore, either WM or M might be an
intervention for prevention or reducing the risk of foot ulcer in persons with diabetic
peripheral neuropathy.

Besides the improvement of the pressure and vibration senses, the WM and M
groups also significantly presented increasing in peripheral blood flow at both feet after
intervention (WM group; Left Dorsalis Pedis: p=.007, Right Dorsalis Pedis: p=.021 and M
group; L Left Dorsalis Pedis: p=.034, Right Dorsalis Pedis: p=.015, Left Posterior Tibialis:
p=.019). These were confirmed by the study findings of higher peripheral blood flow in
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dorsalis pedis and posterior tibial arteries at post intervention of the WM and M groups
compared to baseline and to the control group, particularly the M group. In addition, the
improvement of peripheral blood flow in dorsalis pedis and posterior tibial arteries by WM
or M for 4 weeks (30 minutes/time, 3 times/week) of this study resulted from an increase
in “diameter of vessel” rather than an increase in “blood flow velocity” supported by the
increase in the diameter at post-intervention compared to baseline and the control group.
One of the causes of diabetic peripheral neuropathy was a poor blood circulation to the
peripheral nerve of the diabetic foot.(42, 66, 121) In case of the person with DM who had
foot ulcer, the poor blood circulation at the foot would lead to increase an amputation risk
due to gangrene.(122, 123) Thus, the improvement of peripheral blood flow by WM and
M protocol in this study would be benefit for foot care to the persons with type 2 DM and
persons with type-2 diabetic peripheral neuropathy as well.

Although massage had benefit for persons with type 2 DM and persons with type-
2 diabetic peripheral neuropathy as found in this study. However, some people with
diabetes often found edema at foot.(124) It might be caused by vascular alteration,
imbalance of fluid in capillary and interstitial spaces, problem of venous return, or
retention of some fluid as water and salt etc. Then interstitial fluid volume had
increased.(125) Therefore, for individuals with diabetes who had foot edema, they should
concern about the direction of massage because it might affect to lymphatic system and
its pathway and should be ruled out all the contraindications of massage before applying
a foot massage.(126)

The improvements of the pressure and vibration senses as well as the increase
in peripheral blood flow of the feet for the WM and M groups might arise from the physical
and mental effects. Considering the increased peripheral blood flow by the physical
effect, WM was like a weight bearing exercise which could induce shear stress to the
lower limbs’ blood vessels that would activate the endothelium of the vessels to release
Nitric Oxide (NQO). The released NO acts as the vasodilation factor resulting in dilation of
the blood vessel. Due to vasodilation, the volume of blood flow was increased.(127) In

addition, active lower limbs’ muscle contraction during walking activity of the WM practice
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could be an active muscle pumping that also helped blood circulation improved.(128-
130) Similarly, foot and leg massage could induce shear stress to the blood vessels and
could be a passive muscle pumping in the massaged area by massaging pressure. So,
the WM and massage might also increase peripheral blood flow of the feet by the same
physical mechanisms, but in alternative way as WM was an active activity of foot and leg
while M was a passive activity on foot and leg. However, this study did not find statistically
significant change of the shear stress in all groups because it was assessed in resting
position, but not during the activity.

Moreover, this study also supported that massage could increase blood flow
according to the previous studies.(131, 132) Although no prior study related to WM effects
on peripheral blood flow of diabetic foot, Kwon et al in 2011 had found that walking
exercise improved endothelium independent vasodilation (EID) and flow mediated dilation
(FMD) representing an elasticity of vessels, vascular health and function in patients with
diabetes by Ultrasound Doppler.(133) Therefore, alike walking exercise, this could also
supported that the blood flow improvement in WM might due to the physical effect of
walking activity.

Furthermore, the improved peripheral blood flow to the feet in WM and M groups
would provide more blood supply to peripheral nerve and sensory mechanoreceptors
sufficiently. Therefore, these might consequently promote better pressure and vibration
senses that significantly found in WM and M groups. In addition, from the study of Gholami
et al. in 2018, they studied about effect of walking exercise on nerve conduction in type 2
diabetic peripheral neuropathy, the participants walked on treadmill with moderate
intensity of heart rate reserve (HRR) for 3 months. Post-intervention, They found an
improvement of nerve conduction velocity in an experimental group when compared with
a control group.(134) Moreover, a systematic review by Feter et al. in 2017, they had
studied about effect of intensity exercise on myelin regeneration in rat and they found that
the low and moderate intensity exercise, such as endurance and treadmill training
enhanced a regeneration of myelin sheath in the myelinated nerve fibers.(135) Thus, this

might support the significant improvement of pressure and vibration sense in WM group






70

function superior to TWE, and only the BWM presented a decrease in mentally
depression.(33)

From the literature review, the slow and gentle massage also had effect on
autonomic nervous system, especially activated parasympathetic function.(111, 137) The
slow and gentle massage could stimulate parasympathetic nervous system by activating
Baroreceptors and mechanoreceptors under the skin which sent the signhal to activate
autonomic nervous system, especially parasympathetic nervous system(138, 139) to help
muscle relaxation and vasodilation. Therefore, another reason of peripheral blood flow
improvement by massage for this study might due to vasodilation from increased
parasympathetic tone as well.

The results of vibration testing, M group showed significant change between pre-
test and post-test only the right foot (p = .012). Since the study of Lapanatasin et al., in
2014, had found that massage for 40 minutes a day improved peripheral neuropathic
symptoms significantly.(140) Therefore, foot and leg massage for 20 minutes (10 minutes
each side) in this study which less than the prior study might not enough to get markedly
improvement of neuropathic symptoms. However, the mechanisms of massage gave
positive benefit to the participants, particularly peripheral biood flow increment.
Additionally, stretching during warm up and cool down didn't affect to all studied
outcomes because there was no significant difference of the outcomes between pre and
post-test of the control group which received only stretching as warmup and cool down.
Therefore, the significant findings of the improvements for peripheral blood flow and
protective sensation in WM and M groups should be clearly caused by the interventions
of WM practice and massage.

Also, in this study, both WM and M groups had shown that increase in diameter
of blood vessel was a primary factor of peripheral blood flow improvement rather than
blood flow velocity. Since these two activities could activate nitric oxide released from the
endothelium cell, and enhance parasympathetic autonomic nervous system that resulting

in vasocdilation and then volume of blood flow will be increased.(141, 142)
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For the QoL, even though Timar et al. in 2016 found a correlation between QoL
and a high score of MNSI in patients with type-2 diabetes.(85), there was no significant
differences in QoL between pre- and post-intervention within each group and among
groups for this study. It might because the most of participants in this study (92.30%) still
had positive neuropathic symptoms just only by the objective physical examination part
of MNSI, but not that of the subjective examination part which involved in the bothersome
neuropathic symptoms. Thus, their neuropathic symptoms might be not too much to
disturbed their QoL. In addition, at the baseline, majority of the participants in all groups
had QoL in a good level which was better than QoL level of Thai elderly pecple reported
by Whangmahaporn et al. in 2018 .(143) Moreover, besides neuropathic symptoms, the
study was unable to control other factors influencing on QoL of the participants, for
example family and economic factors., therefore, just the improvement of neuropathic
symptoms in WM and M groups of this study might not adequate to change the

participants’ QoL

Limitation of the study

The results of this study couldn’t extrapolate to people with type-2 DM who had
abnormal ankle brachial index or other conditions which indicated in the exclusion criteria
of the study. Moreover, there was multifactor influencing on participants’ QoL that was
unable to control for this study. Furthermore, the change of autonomic function was unable
to represent directly because the study did not detect the HRV variables.
Lastly, the results of the study related to vascular function could be clearer confirmed if

the endothelium dependent and independent vasodilation were measured.

Further study

The effect of a longer practice duration of WM and also the comparative effect
between the different speeds of walking during WM practice on the peripheral blood flow
and neuropathic symptoms in persons with type-2 DM are interested to be investigated
further. Additionally, in order to see the more obvious effects of walking meditation, the future

study in a larger population with long term follow-up after WM practice are recommended.
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Also, the other outcome measures related to vascular function, such as the endothelium

dependent and independent vasodilation should be studied further.

Conclusion

Walking meditation and massage at least 4 weeks (30 minutes a day, 3 days a
week) reduced the neuropathic symptoms of a diabetic foot as impaired pressure and
vibration sensation, and also improved peripheral blood flow in persons with type-2 diabetic
peripheral neuropathy. Therefore, either walking meditation or foot-leg massage could be
an alternative intervention that should be recommend to persons with type-2 diabetes for

taking care themselves in order to decrease or prevent foot ulcer and amputation risk.
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Table 11 Raw Data of Michigan Neuropathy Screening Instrumental (MNSI) score of walking

meditation, massage and control groups

Subjective Objective interpretation of
Group No. examination examination peripheral neuropathy
Point Point
Walking meditation 1 4 2.5 yes
2 6 3 yes
3 3 3 yes
4 1 2 yes
5 1 2 yes
6 4 2.5 yes
7 2 2 yes
8 3 3 yes
Massage 1 5 2.5 yes
2 3 3 yes
3 8 3.5 yes
4 1 3.5 yes
5 4 2.5 yes
6 2 3.5 yes
7 6 4 yes
8 3 3.5 yes
9 4 4 yes
Control 1 1 3 yes
2 3 2 yes
3 3 3 yes
4 4 3 yes
5 5 2 yes
¢ 8 4 yes
7 2 4 yes
8 2 2 yes
9 7 2.5 yes
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Cut-off score for peripheral neuropathy by subjective examination is > 7 point,

cut-off score for peripheral neuropathy by subjective examination is 22 point

Table 12 Raw data of Subject’s Characteristics of walking meditation, massage and control

groups
Characteristics of subjects
Groups No. Gender ABI
(Male/Female) Age BMI Walst Left Right
Walking Meditation 1 3/5 56 29.41 88 1.07 1.07
2 51 28.08 97 1.27 1
3 62 29.74 90 1 1
4 55 20.22 74 1.07 1
5 45 20.83 80 1 1
6 58 29.22 85 1.15 1
7 56 23.69 85 1.07 1.07
8 45 24.24 80 1.15 1.07
Massage 1 217 55 25.31 89 1.10 1.20
2 51 23.74 82 .92 .92
3 69 31.13 100 1 1.07
4 61 23.88 77 1.08 1
5 42 23.83 84 .92 .92
6 42 30.22 90 1 .92
7 63 22.06 86 .92 1.15
8 62 24.81 83 1 92
9 67 22.48 80 1.18 1
Control 1 217 54 27.77 84 1.13 1.13
2 49 21.23 84 1.07 1.23
3 58 26.25 94 1.07 1
4 57 23.81 89 1.09 1.09
5 61 24.27 82 1 1.07
6 51 32.00 85 1.15 1.15
7 50 24.90 80 .93 .93
8 67 21.71 77 1 1.07
9 56 24.76 85 1.16 1.08




Table 13 Raw data of Diameter of vessel (mm.) of walking meditation, massage and

control groups

Right
Left Right Left
Posterior
Groups No. Dorsalis Pedis Dorsalis Pedis Posterior Tibialis Tibiali
ibialis

Pre Post Pre Post Pre Post Pre Post

Walking 1 1.80 1.30 2.10 1.90 1.80 1.50 1.70 1.80

Meditation 1.30 3.40 1.20 3.60 2.40 3.00 2.60 2.90

2

3 1.30 1.40 1.30 1.50 1.40 1.50 1.30 1.40
4 1.80 2.30 1.80 1.90 1.30 1.80 1.50 1.80
5 1.20 2.50 1.60 2.00 1.20 2.60 1.10 2.10
6 1.70 1.90 1.90 2.10 1.80 2.20 1.50 1.80
7 1.30 2.30 1.50 210 1.70 2.10 1.70 2.30

8 1.90 1.90 1.40 2.00 2.00 2.10 1.60 1.90

Massage 1 1.40 1.50 1.70 2.00 1.40 2.20 2.10 1.70

2 1.50 1.50 1.50 2.10 1.90 1.90 2.10 2.20
1.70 1.90 70 1.60 1.50 2.20 1.90 2.40
2.00 2.80 1.80 2.70 1.80 2.40 1.50 2.20
1.10 1.90 1.30 2.10 1.30 1.60 1.50 1.70
1.20 1.60 1.00 1.90 1.80 2.30 1.90 2.40
1.20 1.70 1.20 1.40 1.60 2.40 1.90 1.70
1.20 2.40 1.50 2.80 1.30 2.20 1.60 1.90

© v N oo o b~ w

1.30 1.50 1.40 1.50 1.40 2.80 1.10 1.60

Control 1 2.40 1.50 2.60 1.40 1.90 1.30 2.00 2.10

2 1.30 1.10 1.50 1.50 1.60 1.50 1.80 1.90
3 .80 1.10 1.30 1.20 1.20 1.00 1.20 1.00
4 1.20 1.40 1.60 .90 2.20 1.80 1.80 1.70
5 1.20 1.40 1.20 1.10 1.80 1.30 1.70 1.60
6 1.30 1.10 1.60 1.20 .00 .00 .00 .00

7 1.40 1.30 1.10 1.40 1.40 1.10 1.70 1.40

8 1.10 1.20 1.40 1.70 1.10 1.60 1.30 1.50
9 1.10 1.40 1.40 1.20 1.80 1.50 1.50 1.50
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Table 14 Raw data of Velocity of flow (cm/sec) of walking meditation, massage and control

groups
Left Right Left Right
Posterior
Groups No. Dorsalis Pedis Dorsalis Pedis  Posterior Tibialis
Tibialis
Pre Post Pre Post Pre Post Pre Post
Walking 1 13.99 36.90 1106 1613 1126 1412 864 12.89
Meditation 2 8.09 882 724 777 642 913 839 6.58
3 1252 16.76 2385 1672 1188 1122 1897 19.86
4 752 323 4.20 5.72 3.19 352 430 594
5 3.31 2.73 3.72 3.77 3.36 330 124 3.21
6 15,02 1337 2195 1335 939 1245 10.28 11.53
7 10.55  8.68 7.77 8.35 1443 942 419 1466
8 2376 1121 3118 3130 1124 2185 2444 3069
Massage 1 6.78 2870 7.03 2544 805 2959 879 1156
2 10.72 3455 1146 4565 1527  29.00 7.89 33.63
@ 9.39 1829 457 1284  6.98 6.61 6.85 10.82
4 3.81 2.41 5.11 2.63 2.5 3.43 62 293
5 1051 8.1 8.77 539 1016 535 958 366
6 145  3.80 1.84 6.89  10.23 2033 828 1122
7 1.37 395 2088 2539 2356 19.76 19.73 19.35
8 17.73 13.85 2369  27.41 723 1132 19.61 19.02
9 19.52  30.50 2145 26.75 1866  13.39 15.87 2235
Control 1 2275 1418 19.00 27.16  20.71  24.07 1897 26.26
2 3.68 830 9.69 4.48 717 1149 755 9.3
3 729 574 1403 910 7.18 296 724 6.66
4 579  7.71 777 1843 507 1073 1336 1272
5 426  5.89 993 2569  9.02 2557 961 31.07
6 11.35 1351 1213 12.21 .00 .00 .00 .00
7 528  3.72 3.71 5.68 3.72 1.06 293 520
8 3212 476  18.83 453 1413 408  19.97 6.31
9 1047 2445 638 4016 559 1847 9.86 2235
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Table 15 Raw data of Peripheral Blood Flow (TTem®/s) of walking meditation, massage

and control groups

Left Right Left Right

Groups No. Dorsalis Pedis Dorsalis Pedis  Posterior Tibialis Posterior Tibialis

Pre Post Pre Post Pre Post Pre Post

Walking 1 35 48 38 45 28 24 19 32
Meditation 2 10 .80 08 79 29 64 44 43
3 16 25 31 29 18 19 25 30

4 A9 13 10 16 .04 .08 .07 15

5 .03 13 06 A1 .03 A7 01 A1

6 34 37 62 46 23 47 18 29

7 13 36 13 28 32 32 .09 60

8 67 31 47 98 35 75 49 .86

Massage 1 A0 50 15 79 A2 1.12 30 26
2 26 61 13 158 30 82 39 1.27

3 21 57 01 25 12 25 19 48

4 A1 A4 12 15 .06 15 01 A1

5 .09 22 A1 18 13 10 16 .08

6 071 07 01 19 26 84 23 50

7 07 .08 23 39 A7 .89 55 43

8 20 62 41 1.68 .09 43 39 53

9 25 23 33 A7 28 1.80 A5 44

Control 1 1.02 25 1.00 41 58 31 59 .90
2 .04 07 7 07 14 20 19 23

3 03 .05 18 10 .08 .02 .08 05

4 .06 A1 15 11 19 27 33 28

.04 09 A1 24 22 33 21 62

6 A2 12 24 13 .00 .00 .00 .00

7 .08 .04 .03 .08 .05 01 .06 .08

8 30 05 28 10 13 01 26 11

9 .09 37 .07 45 14 32 A7 39
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Table 16 Raw data of Shear Stress of Vessel (s™') of walking meditation, massage and

control groups

Left Right Left Right

Groups No. Dorsalis Pedis Dorsalis Pedis Posterior Tibialis Posterior Tibialis
Pre Post Pre Post Pre Post Pre Post

Walking 1 77.72 283.84 5266 84.89 6255 9413 50.82  71.61
Meditation 2 6223 2594 6033 2158 2675 3043 3226 22.68
3 96.30 119.71 18346 11146 84.85 7480 14592 141.85

4 41.77 1404  23.33 3010 2453 1955 28.66  33.00

5 27.58 10,92  24.80 18.85  28.00 12.69 11.27  15.28

6 88.35 70.36 11552 63.57 5216  56.59 68.53  64.05

7 81.15 3773  51.80 39.76  84.88  44.85 2464  63.73
8 125,05 59.00 22271 156.50 56.20 104.04 15275 161.52

Massage 1 4842 19133 4135 12720 5750 13450 4185  68.00
2 101.80 23033 52,60 217.38 56.42 15263 54.57 152.86

3 5523 96.26  65.28 80.43 4653  30.04 36.05  45.08

4 19.05 8.60 28.38 9.74 13.94  14.29 413 13.31

5 95.54 4268  67.00 2566  78.15  33.43 63.86  21.52

6 12.08  23.75 18.40 3626 56.83  88.39 43.57  46.75
7 1.37 2329 20.88 181.35 2356  82.33 19.73  113.82
8 14775 5770 15793 97.89  55.61 5145 12256 100.10
9 150.15 89.26 153.21 17833 133.28 108.92 14427 139.68
Control 1 9479 9453  73.07 194.00 109.00 18515 94.85 125.04
2 2830 7545  64.60 29.86  44.81 76.60 4194  50.72

3 9112 5218 10792 7583 59.83  29.60 60.33  66.60

4 48.25  55.07 4856 20144 23.04 59.61 74.22  74.82
5 9112 42,07 107.92 23354 59.83 196.69 60.33 194.18

6 4825 122.81 4856 10175 23.04 - 74.22 -

7 3550  28.61 82.75 40.57  50.11 9.63 56.562  37.14

8 292.00 39.66 13450 26.64 12845 2550 153.61 42.06
9 95.18 17464 5316 33466 31.05 12313 6573 149.00
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Table 17 Raw data of Monofilament testing from 20 points at plantar surface of both feet

of walking meditation, massage and control groups

Numbers of the intact points

Percentage of the intact points

Groups No.
Pre Post Pre Post
Walking 1 13.00 18.00 65.00 90.00
Meditation 2 15.00 12.00 75.00 60.00
3 5.00 16.00 25.00 80.00
4 17.00 14.00 85.00 70.00
5 10.00 17.00 50.00 85.00
6 14.00 11.00 70.00 55.00
7 18.00 16.00 90.00 80.00
8 16.00 14.00 80.00 70.00
Massage 1 14.00 17.00 70.00 85.00
2 13.00 17.00 65.00 85.00
3 14.00 17.00 70.00 85.00
4 16.00 19.00 80.00 95.00
5 13.00 17.00 65.00 85.00
6 16.00 20.00 80.00 100.00
7 13.00 16.00 65.00 80.00
8 15.00 20.00 75.00 100.00
9 9.00 15.00 45.00 75.00
Control 1 13.00 18.00 65.00 90.00
2 15.00 12.00 75.00 60.00
3 5.00 16.00 25.00 80.00
4 17.00 14.00 85.00 70.00
5 10.00 17.00 50.00 85.00
6 14.00 11.00 70.00 55.00
7 18.00 16.00 90.00 80.00
8 16.00 14.00 80.00 70.00
9 17.00 12.00 85.00 60.00
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Table 18 Raw data of Vibration test (seconds) of walking meditation, massage and control

groups
Left side Right side
Groups No.

Pre Post Pre Post

Walking 1 5.60 17.00 6.00 20.66
Meditation 2 12.66 16.66 5.33 18.33
3 9.60 10.00 6.00 11.66

4 9.00 14.33 5.33 11.00

5 9.60 10.33 5.30 10.00

6 8.60 14.00 9.00 13.00

7 12.33 30.00 5.00 10.66

8 16.66 18.33 15.00 21.66

Massage 1 10.33 11.00 4.60 14.33
2 11.33 10.66 4.66 9.33

3 8.60 11.66 7.00 7.33

4 10.33 10.66 10.33 10.33

5 16.33 18.00 14.33 17.66

6 8.00 11.33 7.30 12.33

7 17.00 13.00 9.60 14.00

8 11.33 16.66 12.00 26.66

9 6.00 9.66 5.30 13.33

Control 1 3.00 6.33 3.00 8.66
2 6.66 12.33 6.33 13.33

3 4.00 6.00 4.00 6.00

4 11.00 16.66 8.60 15.00

5 16.66 16.33 11.33 13.00

6 3.60 4.00 2.60 2.00

7 17.66 18.33 12.66 18.66

8 17.60 8.66 16.66 7.33

9 10.33 15.33 9.30 13.00
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Table 19 Raw data of Quality of life (points) of walking meditation, massage and control

groups
Point
Groups No.
Pre Post
Walking Meditation 1 85.00 92.00
2 117.00 111.00
3 99.00 88.00
4 92.00 103.00
5 81.00 94.00
6 114.00 94.00
7 112.00 119.00
8 84.00 89.00
Massage 1 87.00 91.00
2 93.00 98.00
3 87.00 93.00
4 98.00 109.00
5 85.00 78.00
6 98.00 90.00
7 92.00 87.00
8 97.00 112.00
9 114.00 102.00
Control 1 98.00 116.00
2 104.00 97.00
3 93.00 99.00
4 117.00 87.00
5 102.00 77.00
6 114.00 101.00
7 94.00 89.00
8 122.00 123.00
9 114.00 85.00




APPENDIX 2
DATA COLLECTION FORM
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APPENDIX 3
MICHIGAN NEUROPATHY SCREENING INSTRUMENTAL

History (To be completed by the person with diabetes)
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Physical Assessment (To be completed by health professional)

2

h

Signature

Appearance of Feet

Right
Oovyes [OiNo
b. If no. check all that apply:

a. Normal

Deformities O
Dry skin. callus O
Infection O
Fissure O
Other O
specify:
Right
Absent Present
Ulceration Oo .
Present/
Present  Reinforcement Absent
Ankle Reflexes o Oos 1.
Present Decreased Absent
Vibration Oo Oos .
perception at
great toe

l\/Ionoﬁlamend Normal Reduced Absent

Oo Oos (W

Left
o Yes 01 No
If no, check all that apply:

Normal

Deformities [J
Dry skin. callus O
Infection O
Fissure O
Other (W]
specify:
Left
Absent Present
Oo .
Present/
Present  Reinforcement Absent
O Cos 0.
Present Decreased Absent
Clo Oos (N
Normal Reduced Absent
Oo Cos .
Total score /10 point



APPENDIX 4
ANKLE BRACHIAL INDEX

Data Results
ABI
SBP Results SBP LW = =
Lt. Brachial SBP UP
Rt. Brachial v | Level of ABI Results

Lt. Dorsalispedis More than 1.30 Poorly compressible vessel

Rt. Dorsalispedis 0.91-1.30 Normal
Lt. Posterior tibialis 0.7-0.9 Mild occlusion
0.4-0.69 Moderate occlusion

Rt. Posterior tibialis

Less than 0.40 Severe occlusion




APPENDIX 5

DOPPLER ULTRASOUND SCANNING

TAMAX

Left

Posterior tibialis

Left

Dorsalis pedis

Right

Posterior tibialis

Right

Dorsalis pedis

o o AW N

10

Mean

Diameter

Left

Posterior tibialis

Left

Dorsalis pedis

Right

Posterior tibialis

Right

Dorsalis pedis

Mean
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PERIPHERAL BLOOD CIRCULATION

Left Right

Variable from
Dorsalis Posterior Dorsalis Posterior

Pedis Tibilis Pedis Tibilis

Doppler Ultrasound

Peripheral Blood Flow

Diameter of vessel flow

Blood velocity

® Shear stress

(blood velocity/vascular diameter)
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