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ABSTRACT

Jintaruethai P, Anek A, Mitranun W. Effect of Walking
Meditation on Peripheral Neuropathy in Type 2 Diabetes
Mellitus. JEPonline 2023;26(2):69-78. The purpose of this
study was to determine the effects of Buddhist walking
meditation on diabetic neuropathy and blood sugar and
cortisol levels in middle-aged patients with type 2 diabetes.
The subjects were patients with type 2 diabetes aged 35 to
55 years. They were randomly allocated into the Walking
Meditation (WM), Traditional Walking (TW), and Control
Groups, with 15 subjects in each Group. During the study,
six subjects completed less than 80% of the exercise
program due to coronavirus infections and quarantine.
There were 11, 13, and 15 participants in the Walking
Meditation Group, the Traditional Walking Group, and the
Control Group, respectively. HbAlc levels decreased
significantly in both the WM and TW Groups, but blood
sugar levels decreased significantly only in the WM Group.
The percentage of blood sugar and HbAlc levels showed
the greatest improvement in the WM Group. Significant
improvement in diabetic neuropathy was observed in the
WM Group. Compared with the Control Group, the results
suggest that Buddhist WM is a new treatment and
prevention method with an easy and low-intensity form of
exercise that is suitable for middle-aged patients with type
2 diabetes.
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INTRODUCTION

The prevalence and incidence of type 2 diabetes mellitus are high, accounting for up to
90% of all diabetes cases. Type 2 diabetes mellitus is a metabolic disorder
characterized by abnormalities in insulin secretion. The disease results from the
destruction of insulin-producing pancreatic beta cells (B-cells), leading to insulin
resistance, wherein insulin is unable to bind to the insulin receptors (IR). Insulin
resistance builds up tolerance to insulin, making the hormone less effective in absorbing
glucose into the cells, resulting in a high blood sugar called hyperglycemia (12). Without
proper control of blood sugar levels, patients with type 2 diabetes experience diabetic
neuropathy, retinopathy, and peripheral vascular disease (27), which may lead to
coronary artery, cerebrovascular, and chronic kidney diseases (2).

Diabetic neuropathy is a complication found in 25 to 60% of the patients with chronic
diabetes (27). This complication results from peripheral nerve degeneration, causing
numbness, burning, and a pricking sensation at the tip of the feet. Diabetic neuropathy
also involves the central nervous system. Increased blood sugar levels lead to cell
inflammation and myelin sheath damage, inducing ineffective nerve signaling (32). In
patients with diabetes, stress and anxiety also contribute to the inflammation of the
central nervous system, which correlates with the functions of the peripheral nervous
system (23).

Buddhist walking meditation involves the concentration of walking movements. This
practice has a direct psychological impact on the mental health of patients by reducing
stress and anxiety related to cortisol hormones (1). Walking meditation also affects the
peripheral vascular system, lowers blood sugar level along with hemoglobin A1C level
(HbAlc level) (10), stimulates the nervous system, alleviates nerve inflammation,
improves nerve signaling (22), and enhances sensation at the tip of the feet (20).
However, no study has been conducted on the effects of walking meditation on diabetic
neuropathy.

Accordingly, the purpose of this study was to determine the effects of Buddhist walking
meditation on diabetic neuropathy and blood sugar and cortisol levels in middle-aged
patients with type 2 diabetes. The results were compared with those collected from
traditional walking and control groups to develop treatment guidelines for patients with
type 2 diabetes.

METHODS

Subjects

The subjects were patients with type 2 diabetes aged 35 to 55 years who attended the
Chronic Disease Clinic at the Nuea Khlong Hospital in Krabi Province. Inclusion criteria
were moderate risk in an assessment for diabetic neuropathy, HbAlc of 6.5 to 8%, and
fasting blood glucose of 100 to 140 mg/dL with no insulin injections. During the process,
the medications for the subjects remained unchanged, and the subjects did not present
with coronary artery disease, lower limb injuries that could limit walking, and had not
attended any exercise program for at least 6 months. Exclusion criteria included at least
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80% participated in the exercise program, problems in the musculoskeletal system, and
injuries during meditation practice. By calculating the sample size using G-Power 3.1.9,
the subjects were randomly allocated into the Walking Meditation (WM) Group, the
Traditional Walking (TW) Group, and the Control Group with 15 subjects in each group.
During the process, six subjects completed less than 80% of the exercise program due
to coronavirus infections and quarantine. Therefore, there were 11, 13, and 15 subjects
in the WM Group, the TW Group, and the Control Group, respectively.

2. Exercise Training

The exercise program was practiced for 12 weeks in both the WM and TW Groups. The
program was divided into two parts consisting of Anapanasati, a meditation on in-and-
out breathing, followed by 3-stage Buddhist meditation walking. The 3-stage Buddhist
meditation walking is a meditation practice of Pra Ajaan (a well-respected teaching
monk) at the Tiger Cave Temple in Krabi Province. The three stages consist of lifting,
moving, and treading, focusing on the sensation of movement of the feet in a walking
state. The walking meditation group practiced Anapanasati for 10 minutes, followed by
meditation walking for 30 minutes, with a Rating of Perceived Exertion Scale (RPE
scale) of 10 to 13. The session was conducted three times a week on Tuesdays,
Thursdays, and Saturdays for the WM Group. The TW Group walked in a traditional
movement with an RPE scale of 12 to 15 on Mondays, Wednesdays, and Fridays. The
RPE scale was applied in the first week of the exercise program to establish the
assessment criteria for the following weeks. The Control Group did not receive any
suggestions regarding health issues or basic dietary control. After the program was
completed, knowledge of WM and TW was also provided to the Control Group.

Exercise Training Program

Both the WM and the TW programs consisted of two phases. In phase 1 (weeks 1 and
2), the subjects underwent exercise training with the researcher. In phase 2 (weeks 3
through 12), the subjects performed the program at their residences. The prescribed
exercise program was followed through video calls from the researcher and visits from
Village Health Volunteers (VHV).

Procedures

3. Measurement

3.1 Physical Fitness Test: Body Mass Index (BMI) was calculated using the following
equation: body weight in kg/height in m?.

3.2 Blood Analysis: After 8 hours of overnight fasting, starting from midnight, a blood
sample was collected at 8 a.m. to measure fasting blood glucose and HbAlc at The
Department of Medical Technology at the Nuea Khlong Hospital in Krabi Province.

3.3 Diabetic Neuropathy: A 10-g nylon Semmes—Weinstein monofilament evaluation
was used to detect the presence or loss of protective sensation. The force applied to the
tip of the feet was limited to 10 g to prevent stimulation of large nerve fibers that are
related to sensory perception. The method was applied in four sites: the big toe, the first
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metatarsal bone, the third metatarsal bone, and the fifth metatarsal bone. The patients
were required to close their eyes and answer whether they were able to sense the
pressure applied (yes/no) and where they felt the pressure applied. Reports of no
feeling from sites 1 to 4 have demonstrated the risks of sensory loss.

3.4 Statistical Analysis: The data were analyzed using the mean * standard deviation.
The qualifications of the subjects were compared using one-way analysis of variance
(ANOVA). Comparisons of the data collected between pre- and postexercise programs
were conducted using a paired t-test within the group and one-way ANOVA and chi-
square test between the groups. Statistical significance was set at P < 0.05.

RESULTS

There were no significant group differences in any subject qualifications before the
exercise program (Table 1). Age, body mass, height, BMI, pulse wave velocity, and ABI
did not change during the program. The HbAlc levels decreased significantly in both
the WM Group and the TW Group, but blood sugar levels decreased significantly only in
the WM Group. The percentage of blood sugar and HbAlc levels showed the greatest
improvement in the WM Group (Table 2), and a significant improvement in diabetic
neuropathy was observed in the WM Group (Table 3).

Table 1. The Characteristics of the Participants in the Study.

Age: X+SD 51.64 +3.67 50.46 +5.33 50.47 +4.76
Weight: X+ SD 57.18 +6.06 63.20 +9.18 63.77 +10.88
Height: X+ SD 156.18 = 7.47 158.54 +6.97 156.87 £9.80

BMI: X+ SD 23.62 +3.82 25.16 +3.49 25.83 +3.22
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Table 2. Changes in Blood Biochemistry Data during the Walking Interventions.

Group WM (N =11) TW (N = 13) Control (N = 15)

Pre Pre Pre Post

Fasting Blood 127.64+12.19 116.09+19.38* 126.13+11.58 133.47+12.52 120.62+14.03  128.69+25.64
Glucose

HbAlc 6.91+0.44 7.12+0.66* 7.12+0.66 7.04+0.88* 6.95+0.59 7.54+0.75
% Change of 0 -8.78+13.74*# 0 6.10+8.40* 0 8.76+9.50
FBS

% Change of 0 -4.96+5.08*# 0 -1.14+7.77* 0 8.76%9.50
HbAlc

Data are presented as mean = SD. P<0.05

Table 3. Changes in the Effects of Perception of the Test Sensation.

Peripheral Neuropathy Control

(N = 15)

Low 45.45% 45.45 9.09
Medium 23.08 61.54 15.38
High 0.00 66.67 33.33

Data are presented as percentage. P<0.05



DISCUSSION

The findings in the present study indicate that both Walking Meditation (WM) and
Traditional Walking (TW) significantly improved the patients’ blood sugar and HbAlc
levels. After the program, changes in cortisol hormone levels were observed in the WM
Group, and diabetic neuropathy showed a significant improvement in patients with type
2 diabetes.

Both the WM Group and the TW Group presented a decrease in blood sugar levels,
which is consistent with previous studies (2,10). However, the results showed that
walking exercises affected metabolism and the cardiovascular system. Previous studies
have shown that walking programs contribute to lowering HbAlc levels, but do not have
a decreasing effect on fasting blood glucose levels during the 24 hours after exercise
(7). Walking has an impact on reducing blood sugar levels. In an additional study,
meditation practices changed lifestyle behaviors, raised awareness of healthy living,
and developed more interest in exercising (27). The correlation between meditation and
other forms of exercise also significantly reduces blood sugar levels in subjects (26),
which can be further applied in daily life.

In addition, meditation exercises were studied in light patients to determine stress
levels. It has been found that concentration can help patients with type 2 diabetes
improve their body function (30), as well as reduce distraction and improve perception
of central to peripheral functions (8,15) In addition, previous studies have described the
effects of meditation as helping to motivate participants to change their behavior. This
also makes it part of increasing physical activity. Therefore, this study was conducted.
In this group of participants, there was a statistically significant decrease in glucose
levels compared with the other groups.

Diabetic neuropathy in patients with type 2 diabetes is a complication resulting from the
inability to control blood sugar levels in the body (11) and inflammatory peripheral
neuropathy (32). In this study, only the WM Group showed improvement in diabetic
neuropathy through monofilament evaluation. In a previous study, practicing meditation
lowered nerve inflammation, stimulated cell efficiency, and improved nerve conduction
velocity (23). Moreover, the practice provided the WM Group with the greatest
reductions in blood sugar and HbAlc levels (10,30). This is an important variable for the
reduction of toe numbness complications in patients (3). Furthermore, previous studies
have used meditation in research on other groups of patients, such as patients with
Parkinson’s disease of which the meditation has been showed to decrease the severity
of the disease and level of stress in the patient. Walking meditation has also been found
to contribute to an improvement in confidence during exercise by reducing the patients’
stress levels (36). This is an important factor in decreasing diabetic neuropathy in
patients with type 2 diabetes mellitus.

Limitations in this Study

This study had several limitations that should be addressed. First, pulse wave velocity
and ABI could not be assessed due to coronavirus disease 2019 (COVID-19) preventive
measures, including the travel-related control that resulted in the inconvenience of
moving certain equipment on site. This led to the absence of vascular function
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assessments after the exercise program. Second, some of the participants were unable
to complete the program because of COVID-19 infection. Lastly, knowledge on self-care
and diabetes diet was provided to the subjects without controlling their daily intakes.

CONCLUSIONS

Both Walking Meditation (WM) and Traditional Walking (TW) walking exercise programs
have beneficial effects in decreasing blood sugar and HbAlc levels in patients with type
2 diabetes. However, the WM exercise program was more effective in terms of lowering
stress as it was associated with cortisol hormone levels that improved the nervous
system, enhanced peripheral sensation, and reduced diabetic neuropathy. Compared
with the Control Group in this study, the results suggest that Buddhist WM is a new
treatment and prevention method with an easy and low-intensity form of exercise that is
suitable for middle-aged patients with type 2 diabetes.

75

ACKNOWLEDGMENTS

The authors thank the participants for their participation in this study. We also thank the
Nuekhlong Hospital, Krabi, for their assistance with data collection.

Address for correspondence: Achariya Anek, PhD, Faculty of Sports Science,
University of Srinakarinwirot, Bangkok, Thailand, 10110, Email: ozone_aut@hotmail.
com

REFERENCES

1. Abbot RA, Whear R, Rodgers LR, et al. Effectiveness of mindfulness-based
stress reduction and mindfulness based cognitive therapy in vascular disease: A
systematic review and meta-analysis of randomised controlled trials. J
Psychosom Res. 2014;76(5):341-351.

2. Al-Wakeel JS, Hammad D, Al Suwaida A, et al. Microvascular and
macrovascular complications in diabetic nephropathy patients referred to
nephrology clinic. Saudi J Kidney Dis Transpl. 2009;20(1):77-85.

3. Aring AM, Jones DE, Falko JM. Evaluation and prevention of diabetic
neuropathy. Am Fam Physician. 2005;71(11):2123-2128.

4. Bohlmeijer E, Prenger R, Taal E, Cuijpers P. The effects of mindfulness-based
stress reduction therapy on mental health of adults with a chronic medical
disease: A meta-analysis. J Psychosom Res. 2010;68(6):539-544.



5. Brozic AP, Marzolini S, Goodman JM. Effects of an adapted cardiac rehabilitation
programme on arterial stiffness in patients with type 2 diabetes without cardiac
disease diagnosis. Diab Vasc Dis Res. 2017;14(2):104-112.

6. Cooke AB, Daskalopoulou SS, Dasgupta K. The impact of accelerometer wear
location on the relationship between step counts and arterial stiffness in adults
treated for hypertension and diabetes. J Sci Med Sport. 2018;21(4):398-403.

7. Dasgupta N, Beletsky L, Ciccarone D. Opioid crisis: No easy fix to its social and
economic determinants. Am J Public Health. 2018;108(2):182-186.

8. da Silva DE, Grande AJ, Roever L, et al. High-intensity interval training in
patients with type 2 diabetes mellitus: A systematic review. Curr Atheroscler
Rep. 2019;21(2):1-10.

9. Elliott TL, Pfotenhauer KM. Classification and Diagnosis of Diabetes. Primary
Care: Clinics in Office Practice, 2022.

10.Gainey A, Himathongkam T, Tanak H, et al. Effects of Buddhist walking
meditation on glycemic control and vascular function in patients with type 2
diabetes. Complementary Ther Med. 2016;26:92-97.

11.Gerber M, Best S, Meerstetter F, et al. Effects of stress and mental toughness on
burnout and depressive symptoms: A prospective study with young elite athletes.
J Sci Med Sport. 2018;21(12):1200-1205.

12.Hall LL, Puckrein GA, Davidson JA. Comment on Riddle et al. Diabetes Care
Editors’ Expert Forum 2018: Managing Big Data for Diabetes Research and
Care. Diabetes Care, 2019.

13.Hartmann M, Kopf S, Herzog W, et al. Sustained effects of a mindfulness-based
stress-reduction intervention in type 2 diabetic patients: Design and first results of
a randomized controlled trial (the Heidelberger Diabetes and Stress-Study).
Diabetes Care. 2012;35(5):945-947.

14.Hatch R, Young D, Barber VS, et al. Anxiety, depression and post-traumatic
stress disorder management after critical illness: A UK multi-centre prospective
cohort study. Critical Care. (London, England). 2020;24(1):1-633.

15.Joseph JJ, Golden SH. Cortisol dysregulation: The bidirectional link between
stress, depression, and type 2 diabetes mellitus. Ann N.Y. Acad Sci. 2017;1391
(1):20-34.

16.Jumbo SU, MacDermid JC, Packham TL, et al. Reproducibility: Reliability and
agreement parameters of the Revised Short McGill Pain Questionnaire Version-2
for use in patients with musculoskeletal shoulder pain. Health Qual Life
Outcomes. 2020;18(1):365-365.

76



17.Karstoft K, Winding K, Knudsen SH, Nielsen, et al. The effects of free-living
interval-walking training on glycemic control, body composition, and physical
fitness in type 2 diabetic patients: A randomized, controlled trial. Diabetes Care.
2013;36(2):228-236.

18.Katon JG, Reiber GE, Nelson KM. Peripheral neuropathy defined by
monofilament insensitivity and diabetes status. Diabetes Care, 2013;36(6):1604
-1606.

19.Khawaja AP, Viswanathan AC. Are we ready for genetic testing for primary open-
angle glaucoma? Eye (London). 2018;32(5):877-883.

20.Kluding PM, Pasnoor M, Singh R, et al. The effect of exercise on neuropathic
symptoms, nerve function, and cutaneous innervation in people with diabetic
peripheral neuropathy. J Diabetes Complicat. 2012;26(5):424-429.

21.Lee Y-Y, Hsieh S. Classifying different emotional states by means of EEG-based
functional connectivity patterns. PIOS ONE. 2014;9(4):e95415-e95415.

22.Lurie DI. An integrative approach to neuroinflammation in psychiatric disorders
and neuropathic pain. J Exp Neurosci. 2018a;12;1179069518793639-1179069
518793639.

23.Lurie DI. An integrative approach to neuroinflammation in psychiatric disorders
and neuropathic pain. J Exp Neurosci. 2018b;12:1-11.

24.Maiorana A, O'Driscoll G, Dembo L, et al. Effect of aerobic and resistance
exercise training on vascular function in heart failure. Am J Physiol Heart Circ
Physi. 2000;279(4):1999-2005.

25.Mallik A, Weir Al. Nerve conduction studies: Essentials and pitfalls in practice. J
Neurol Neurosurg Psychiatry. 2005;76(suppl 2):ii23-ii31.

26.Merkes M. Mindfulness-based stress reduction for people with chronic diseases.
Aust J Prim Health. 2010;16(3):200-210.

27.Mirtha LT, Permatahati V. The effectiveness of aerobic exercise in improving
peripheral nerve functions in type 2 diabetes mellitus: An evidence based case
report. Acta Medica Indonesiana, 2018;50(1):82-87.

28.Mueller MJPTP, Tuttle LIJPTP, LeMaster JWMDMPH, et al. Weight-bearing
versus nonweight-bearing exercise for persons with diabetes and peripheral
neuropathy: A randomized controlled trial. Arch Phy Med Rehabil. 2013;94(5):
829-838.

29.Nath N, Khan M, Paintlia MK, et al. Metformin attenuated the autoimmune
disease of the central nervous system in animal models of multiple sclerosis. J
Immunol Res. 2009;182(12):8005-8014.

77



30.Prakhinkit S, Suppapitiporn S, Tanaka H, et al. Effects of Buddhism walking
meditation on depression, functional fitness, and endothelium-dependent
vasodilation in depressed elderly. J Altern Complement Med. 2014;20(5):411-
416.

31.Schlaeger S, Sollmann N, Zoffl A, et al. Quantitative muscle MRI in patients with
neuromuscular diseases—association of muscle proton density fat fraction with
semi-quantitative grading of fatty infiltration and muscle strength at the thigh
region. Diagnostics (Basel). 2021;11(6):1056.

32.Sloan ME, Grant CW, Gowin JL, et al. Endocannabinoid signaling in psychiatric
disorders: A review of positron emission tomography studies. Acta Pharmacol
Sin. 2019;40(3):342-350.

33.Snowling NJ, Hopkins WG. Effects of different modes of exercise training on
glucose control and risk factors for complications in type 2 diabetic patients: A
meta-analysis. Diabetes Care. 2006;29(11):2518-2527.

34.Tesfaye S, Boulton AJM, Bernardi L, et al. Diabetic neuropathies: Update on
definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes
Care, 2010;33(10):2285-2293.

35.van Son J, Nyklicek I, Pop VJM, et al. The effects of a mindfulness-based
intervention on emotional distress, quality of life, and HbA(1c) in outpatients with
diabetes (DiaMind): A randomized controlled trial. Diabetes Care, 2013;36(4):
823-830.

36.Mitarnun W, Mitranun W, Mitarnun W, et al. Home-based walking meditation
decreases disease severity in Parkinson's Disease: A randomized controlled trial.
J Integr Complement Med. 2022;28(3):227-233.

Disclaimer
The opinions expressed in JEPonline are those of the authors and are not
attributable to JEPonline, the editorial staff or the ASEP organization.

78



	ABSTRACT
	METHODS
	RESULTS
	DISCUSSION



	CONCLUSIONS
	ACKNOWLEDGMENTS

	Disclaimer

