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ABSTRACT

Background: For meaningful HbA1c reduction, improvement of cardiovascular risk
profile, and weight loss, the current recommendation for people with type 2 diabetes
mellitus  (T2DM)  is  a  minimum  of  150  min/week  of  physical  exercise.  Post-meal
exercise was both safe and effective in improving glycemic profiles in people with
T2DM.  However,  the  effects  of  post-meal  spot  marching  exercise  (PMSME)  on
glycemic control, exercise tolerance, leg muscle strength, and quality of life (QoL)
in individuals with T2DM have not yet been investigated.

Objectives: Aim of this study was to investigate the effect of PMSME on glycemic
control, exercise tolerance, leg muscle strength, and QoL in individuals with T2DM.

Materials and methods: Participants aged 50-70 were randomly allocated to the
exercise or control groups (N=12 each). Participants in both groups received standard
treatment  following  the  Standards  of  Medical  Care  in  Diabetes  2019.  Only  the
exercise  group  performed  moderate-intensity  PMSME  for  15  minutes  per  set,  3
sets per day, 4 days per week for 8 weeks. All participants underwent fasting plasma
glucose (FPG), hemoglobin A1c (HbA1c), Three-Minute Step Test (TMST), Five Times
Sit to Stand Test (FTSST), and the 36-item Short Form Survey (SF-36) at baseline
and at the end of this study.

Results:  At  baseline,  there  were  no  differences  in  outcomes  between  the  two
groups.  At  post-intervention  period,  the  exercise  group  showed  significant
improvements in HbA1c (7.99 vs. 9.16%), heart rate recovery in the first minute
after completion of the TMST (99.83 vs 113.58 bpm), FTSST (8.44 vs 10.02 sec),
and SF-36 (physical function [82.50 vs. 67.50 scores], physical role [75.00 vs. 50.00
scores],  vitality  [75.00  vs.  57.50  scores],  and  total  score  [76.19  vs  62.81  scores]
domains) compared to the control group (p<0.05).

Conclusion:  PMSME  could  be  used  as  an  alternative  home-based  exercise  to
improve glycemic control, exercise tolerance, functional leg muscle strength and
QoL in T2DM patients.

Introduction
  In  emerging  nations,  inactivity  and  bad  eating
habits accelerate the incidence of type 2 diabetes (T2DM).1

According to the International Diabetes Federation (IDF),
there were 463 million cases of diabetes worldwide in 2019,
and  the  number  is  expected  to  rise  to  700  million  by
2045.2  Dietary  modifications,  weight  management  and
increased physical activity are essential for T2DM patients.3
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study enrolment is demonstrated in Figure 1. The sample 
size was calculated based on fasting plasma glucose (FPG) 
from a previous study.15 The significant level α=0.05 and 
the test efficiency 1-ꞵ=0.8 were set for bilateral test.16 As 
a result, each group required 9 participants. Given a 20% 
rate of lost to follow-up, each group would require 12  
participants.17 
	 The inclusion criteria were as follows: (1) those  
diagnosed with T2DM, (2) age between 50 and 70 years, (3) 
body mass index (BMI) of 18.5-29.9 kg/m2, (4) sedentary 
behavior (metabolic equivalent; METs ≤1.5), and (5) capable 
of reading and communicating in Thai and achieving the 
Mini-Mental State Examination (MMSE) in Thai, depending 
on the participant's level of education: ≥22 scores for  
secondary school graduation or above ≥17 scores for  
elementary school graduation, and ≥14 scores for non-study.18 

The exclusion criteria were as follows: (1) FPG >300 mg/dL, 
(2) blood pressure <90/60 mmHg or >140/90 mmHg, (3) 
neurological and/or orthopedic problems, (4) risk of falls 
(Time Up and Go test >12 s),19 and (5) participation in other 
exercise programs during this study period. 
	 This study was a double blinded randomized  
controlled trial. The protocol was registered in Thai Clinical 
Trial Registry (ID 20210906003). Each participant was  
randomly allocated to the exercise group (EG) or the control 
group (CG) using stratified block randomized allocation 
with block sizes of 4 and 6 (www.sealedenvelope.com). 
Ages (50 to 60 years and 61 to 70 years) and gender were 
set as the stratified variables. 

Intervention 
	 Both groups were required to maintain doses and 

 
 
 

 

 
 
 

 

 

 
 

 

 

Figure 1 Flow of participants in the study.

	
 

Either aerobic activity or strength training can be used to
decrease hemoglobin A1c (HbA1c) levels.4,5  Using glucose
from each meal for exercise is the ideal method of glycemic
control  for  diabetes  because  the  blood  glucose-lowering
benefits  can  be  seen  immediately.6  Previous  studies
revealed  that  post-meal  exercise  in  T2DM  patients  was
both  safe  and  able  to  improve  glycemic  profiles,  hence
reducing the risk of cardiovascular disease.7-10  As post-meal
blood glucose levels peak within 90 min, post-meal exercise
could attenuate this peak in diabetes patients.11,12  Spot marching
was  determined  to  be  a  safe  and  effective  home-based
exercise  for  people  with  chronic  obstructive  pulmonary
disease to improve exercise endurance and quality of life.13

Compared  to  arm  or  leg  aerobic  exercise  alone,  spot
marching  is  a  whole-body  aerobic  exercise  that  may  be
more beneficial in improving blood sugar levels and physical
fitness.9,14  However, there is insufficient evidence regarding
the  feasibility  of  PMSME  in  enhancing  glycemic  control,
physical  fitness,  and  quality  of  life  in  T2DM  patients.
Therefore,  this  study  aimed  to  investigate  the  effect  of
8-week  home-based  post-meal  spot  marching  exercise
(PMSME)  on  glycemic  control,  exercise  tolerance,  leg
muscle  strength,  and  quality  of  life  (QoL)  in  individuals
with T2DM.

Materials and methods
Study design and participants
  The  participants  were  recruited  at  Waritchaphum
Hospital,  Sakon  Nakhon  Province,  Thailand,  between
October 2020 and January 2021. Before recruitment, each
participant was screened for eligibility. A flow chart of the
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Outcome measures
	 Five outcomes were evaluated at baseline and week 
8 by a research assistant who was blinded to the study  
procedure. 

Glycemic control
	 FPG and HbA1c tests were used to monitor glycemic 
control. After 8-12 hours of fasting, 5 ml of blood sample 
was collected in the next morning. FPG was determined 
using a glucose oxidase-peroxidase method, whilst HbA1c 
was assessed by high performance liquid chromatography 
(HPLC).9,21 The FPG test determines the amount of free  
glucose in the blood, whereas the HbA1c test determines 
the amount of glycosylated hemoglobin. In addition, HbA1c 
is a key indicator of long-term glycemic management in 
T2DM patients.22

	  
 
 

 
 

	
 

 

 
 

	
 
 

 

	

 
 

medications during the intervention. The EG received 
home-based PMSME in addition to standard treatment  
following the Standards of Medical Care in Diabetes 
2019.20 The CG received only standard treatment. The  
intensity, time, and duration of PMSME in this study were 
derived from Pahra et al.9 Participants in the EG underwent 
moderate-intensity PMSME with shoulder flexion ≥90o and 
hip flexion ≥70o (Figure 2) covering 1,400-1,600 steps for 
15 min starting 30 min after each meal (breakfast, lunch, 
and dinner) 4 day/week for 8 weeks. Exercise intensity was 
achieved by using music with a rhythm of 80 to 90 beats/
min, which was adjusted every 2 weeks. After each session, 
subjects were asked to record their step counts and any 
adverse events.

Figure 2 Post-Meal Spot Marching Exercise (PMSME).

	

 
 

 
 
 
 
 
 
 

Exercise tolerance test
  The  Three-Minute  Step  Test  (TMST)  was  used  to
determine  cardiovascular  fitness.  First,  all  participants'
resting heart rates (RHR) were determined. The participants
then stepped on and off a 12-inch step at 96 beats/min for
3 min. The participants sat down, and their pulse rate was
measured with a pulse oximeter immediately. Auscultation
using a stethoscope was then performed to determine their
cumulative heart beats (heart rate recovery [HRR]) in the
first minute after completion of the test.23

Lower extremity muscle strength
  Five  Times  Sit  to  Stand  Test  (FTSST)  was  used  to
measure functional lower extremity strength.24  Participants
sat  on  conventional  armless  chairs  (43  cm  seat  height)
with their arms crossed over their chests, backs straight,
and  feet flat on  the floor  10 cm behind  their  knees. The
participants  had  to  stand  with  their  hips  and  knees  fully
extended and sit down five times without moving their arms.
From "Go" to the fifth repetition, Time was recorded in
seconds. Data analysis used two attempts' average time.25

Quality of life
  Self-Report  Short  Form-Series  (SF-36)  was  used  to
monitor physical function, physical role, bodily pains, general
health, vitality, social functioning, emotional role, and mental
health. Each domain was scored 0-100, with higher scores
indicating greater health.26

Statistical analysis
  All  analyses  were  carried  out  using  SPSS  version
28.0 (SPSS Inc., Chicago, IL, USA). The demographic data of
the participants were analyzed using descriptive statistics.
A Shapiro-Wilks test was used to determine the normality
of the data set. The data of FPG, FTSST, HbA1c, and HRR
had a normal distribution, whereas the data of SF-36 did
not. Pre- and post-intervention data were compared using
the  paired  t-test  for  normal  distributed  data  and  the
Wilcoxon singed-rank test for non-normal distributed data.
A comparison of pre- and post-intervention data between
the groups was conducted using the independent t-test for
normal distributed data and the Mann-Whitney U test for
non-normal distributed data. The significance level for all
inferential test was set at 0.05.

Results
  Table  1  shows  the  participants'  demographics  and
health status. Baseline characteristics were comparable in
the EG and CG. Each group had four men and eight women.
The  CG  and  the  EG  had  7±3.8  years  and  6±3.7  years
diabetes  diagnoses,  respectively.  The  majority  of  the
participants  were  elderly,  overweight,  and  had  diabetic
dyslipidemia  with  high  plasma  triglyceride,  low  HDL
cholesterol,  and  increased  LDL  cholesterol  levels.  These
lipid alterations are linked to diabetes mellitus because of
the  increased  free  fatty  acid  flux  caused  by  insulin
resistance.27  The  intervention  completion  was  100%.  During
the 8-week intervention, both groups had no hypo- or
hyperglycemia, muscle soreness or other complications.
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The effect of post-meal spot marching exercise on glycemic 
control
Fasting plasma glucose 
	 There was a significant reduction in FPG levels from 
baseline to the end of the intervention period in the CG 
(%change = -11.58%, p<0.05) and the EG (%change = -7.42%, 
p<0.001). At the end of the study, there was no significant 
difference in FPG levels between the CG and the EG (p>0.05) 
as shown in Table 2.

Hemoglobin A1c
	 There was a significant decrease in HbA1c after the 
intervention period in both the CG (%change = -2.97%, 
p<0.001) and the EG (%change = -15.98%, p<0.001) compared 
to baseline (Table 2). In addition, the decrease in HbA1c at 
the end of the study in the EG was significantly greater 
than in the CG (p<0.05). 

The effect of post-meal spot marching exercise on functional 
lower extremities muscle strength 
	 At the end of week 8, the EG had a significant  
decrease in the FTSST time scores compared to baseline 
(%change = -14.31%, p<0.05), whilst there was no difference 
in the CG (p>0.05). In addition, the EG demonstrated greater 
improvement in the FTSST scores than the CG at the end of 
the study (p<0.05).

The effect of post-meal spot marching exercise on exercise 
tolerance
	 At the end of the trial, HRR in the first minute  
after completion of the TMST in the EG had decreased  
significantly (%change = -11.20%, p=0.001) from the baseline, 
whereas there was no difference in the CG (p>0.05). In  
addition, the decrease in HRR in the EG was significantly 
greater than in the CG (p<0.05) after 8 weeks of intervention 
(Table 2).

The effect of post-meal spot marching exercise on quality 
of life 	
	 After completing the intervention, only the EG had 
significantly improved QoL (p < 0.05), including the physical 
function (%change =26.92%), physical role (%change =50.00%), 
bodily pain (%change =61.32%), vitality (%change =15.38%), 

mental health (%change =50.00%), and total score domains 
(%change =29.05%). At the end of the study, the increase in 
SF-36 scores in the physical function, physical role, vitality, 
and total score domains were significantly greater than in 
the CG (p<0.05), as shown in Table 3. 

Table 1 Baseline characteristics of participants in control 
and exercise groups.

Table 2 Comparison of FPG, HbA1c, FTSST, and HRR between control and exercise groups at week 0 and week 8th.

Variable Control group 
(N=12)

Exercise group 
(N=12) p value

Age (years) 61 (5.74) 62.33 (5.33) 0.561

Weight (kg) 60.83 (8.45) 60.25 (10.29) 0.881

Height (cm) 159.08 (8.82) 158.92 (5.79) 0.957

BMI (kg/m2) 24.17 (3.40) 24.17 (3.07) 0.999

Lipid profile

- Cholesterol (mg/dL)    196.50 (54.10) 178.75 (36.06) 0.355

- Triglyceride (mg/dL) 154.25 (52.22) 172.83 (55.22) 0.406

- LDL (mg/dL) 128.42 (45.98) 110.33 (26.70) 0.251

- HDL (mg/dL) 37.47 (11.49) 37.58 (8.60) 0.978

Note: Values are presented in mean (standard deviation), BMI: body 
           mass index, LDL: low density lipoprotein, HDL: high density lipoprotein.

Note: Values are presented in mean (standard deviation). acomparison between week 0 and week 8th using 
     the Paired t-test, bcomparison between groups at week 8th using Independent t-test, *statistically 
           significant at p<0.05, FPG: fasting plasma glucose, HbA1c: hemoglobin A1c, FTSST: five time sit to stand  
           test, HRR: heart rate recovery in the first minute after completion of the TMST.

Variable Group Week 0 Week 8th p value a p value b

FPG (mg/dL)
Control 175.17 (20.93) 162.17 (12.92) 0.001*

0.224
Exercise 175.50 (14.27) 155.17 (14.43) <0.001*

HbA1c (%)
Control 9.44 (1.71) 9.16 (1.58) <0.001*

0.045*

Exercise 9.51 (1.11) 7.99 (1.06) <0.001*

FTSST (s)
Control 9.95 (1.35) 10.02 (1.89) 0.741

0.029*

Exercise 9.85 (1.78) 8.44 (1.37) 0.009*

HRR (bpm)
Control 112.75 (9.98) 113.58 (11.94) 0.592

0.004*

Exercise 112.42 (8.91) 99.83 (8.58)   0.001*
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Table 3 Comparison of quality of life in control and exercise groups at week 0 and week 8th.

Note: Values are presented in median (interquartile range). acomparison between week 0 and 
          week 8th using the Wilcoxon Signed-Rank test, bcomparison between groups at week 8th 

         using the Mann-Whitney U test, *statistically significant at p<0.05.

Domain Group Week 0 Week 8th p value a p value b

Physical function
Control 65.00 (28.75) 67.50 (30.00) 0.812

0.017*

Exercise 65.00 (28.75) 82.50 (21.25) 0.026*

Physical role  
Control 50.00 (37.50) 50.00 (43.75) 0.655

0.004*

Exercise 50.00 (25.00) 75.00 (25.00) 0.002*

Body pain
Control 58.50 (12.00) 57.75 (41.88) 0.533

0.111
Exercise 53.00 (11.00) 85.50 (30.50) 0.010*

General health
Control 55.00 (10.00) 47.50 (34.75) 0.504

0.118
Exercise 57.50 (12.50) 60.00 (27.00) 0.540

Vitality
Control 57.50 (15.00) 57.50 (21.25) 0.944

0.036*

Exercise 65.00 (12.50) 75.00 (18.75) 0.029*

Social function
Control 75.00 (34.38) 75.00 (25.00) 0.257

0.067
Exercise 75.00 (18.38) 87.50 (21.88) 0.055

Emotional role
Control 50.00 (33.34) 66.67 (33.34) 0.655

0.187
Exercise 66.67 (33.34) 66.67 (0.00) 0.083

Mental health
Control 56.00 (19.00) 78.00 (23.00) 0.105

0.727
Exercise 52.00 (10.00) 78.00 (14.00) 0.003*

Total score
Control 59.47 (4.11) 62.81 (14.04) 0.136

0.003*

Exercise 59.04 (9.49) 76.19 (11.51) 0.002*

	
 
 

  
	

 

 
 

	

 
 

engaged in home-based aerobic exercise three times per 
week for 12 weeks.34 This could be explained by the fact 
that aerobic exercise enhances myocardial contractility 
and endothelial function by reducing oxidative stress and 
preserving nitric oxide bioavailability.35

	 After 8 weeks of PMSME, functional leg muscle 
strength improved significantly. In diabetics, increased 
functional leg muscular strength could delay age-related 
sarcopenia.36,37 In addition, increased muscle mass and 
strength in T2DM patients can improve insulin sensitivity 
and glycemic control.38,39 Since the PMSME is an accumulating 
aerobic exercise, its efficacy in achieving the MCID of FTSST 
(2.5 s) may be limited.40 
	 The improvements in HbA1c, exercise tolerance 
and functional muscle strength observed in this study may 
contribute to an improvement in QoL (physical function, 
physical role, vitality, and total score domains of SF-36). 
Additionally, an increase in SF-36 scores in these domains 
was found to meet the MCID of SF-36.41 The mechanism 
by which PMSME improves QoL in people with T2DM is 
unclear. The improvement in QoL is probably due to the  
result of a decrease in FPG and HbA1c as well as an increase 
in functional leg muscle strength an exercise tolerance. Our 
findings are consistent with previous studies suggesting 
that aerobic exercise training can increase QoL in sedentary, 
healthy men and T2DM patients.42,43 
	 As far as the limitations are concerned, our study's 
findings may not be generalizable to other racial or regional 
groups due to the limited sample size and participants from 
only the Northeast Thailand. Therefore, the results should 

Discussion
  The  present  study  demonstrated  that  the  PMSME
in combination with standard treatment significantly
improved glycemic control, exercise tolerance, functional
leg muscle strength and QoL in T2DM patients. FPG in the
CG and EG decreased significantly from baseline at the end
of this study. Our result is similar with previous studies that
reported a decrease in FPG in T2DM patients who received
dietary education.28,29

  T2DM  management  is  cost-effective  when  HbA1c
decreases  by  0.51%–0.89%.30  Reduced  HbA1c  prevents
micro-  and  macrovascular  complications.31  Additionally,
the diabetic minimal clinically important difference (MCID)
is  a  0.5%  HbA1c  reduction.32  Therefore,  the  decrease  in
HbA1c by 1.52% after 8 weeks of PMSME indicating it was
cost-effective  and  clinically  meaningful  advantages  for
T2DM patients. Increased translocation of GLUT-4 (glucose
transporters)  to  the  plasma  membrane  during  muscular
contraction may explain the decrease in HbA1c.33  Compared
to Pahra  et al,9  our study showed a greater HbA1c reduction
(0.9% vs 1.52%). A possible explanation is that the PMSME
was  a  total-body  workout,  whereas  brisk  walking  mostly
targeted  the  lower  limbs.  In  our  study,  however,  neither
FPG nor Hba1c returned to normal range after 8 weeks of
the PMSME program.
  This  study  also  demonstrated  that  the  PMSME
can  improve  HRR  in  the  first  minute  after  completion  of
the TMST. Our finding was similar to a previous study on
overweight  patients  with  chronic  kidney  disease  who
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[10]	� Reynolds AN, Mann JI, Williams S, Venn BJ. Advice 
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2010; 36(2): 165-9. doi:10.1016/j.diabet.2009.12.002.

[12]	� Erickson ML, Little JP, Gay JL, McCully KK, Jenkins 
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be  interpreted  with  caution.  Further,  we  only  instructed
the participants to regulate their mealtime before exercise.
Dietary intake before exercise has been observed to affect
the exercise-induced blood glucose response.44  Additional
research  should  include  dietary  pattern  measurements,
e.g., eating frequency, nutritional composition, mealtime
and employ dietary records to collect dietary information
of the participants. Despite these limitations, the current
study  has  several  strengths  including  that  it  is  a  double-
blind  RCT  with  individual  supervised  exercise  instruction
and  excellent  8-week  intervention  compliance  (100%
complete).

Conclusion
  According to our study, PMSME is simple to implement
and highly compliant. T2DM patients can improve glycemic
control, exercise tolerance, functional leg muscle strength
and QoL by using the PMSME as an alternative home-based
exercise program.
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