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Abstract

Introduction and Objective: type 2 diabetes mellitus is a major global public health issue, parti-
cularly in low- and middle-income countries such as indonesia. although physical activity is
widely promoted, there is limited evidence on the immediate effects of a single session of brisk
walking. The objective of this study was to evaluate the effectiveness of a 60-minute brisk wal-
king intervention on nitric oxide levels, blood glucose, body mass index, quality of life, and men-
tal health in individuals with type 2 diabetes.

Methodology: a randomized controlled trial with a parallel-group design was conducted invol-
ving seventy-two participants with type 2 diabetes, divided into brisk walking and regular wal-
king groups. the intervention lasted twelve weeks, with participants walking five days per
week. standardized biochemical, anthropometric, and psychometric tools were used to assess
outcomes before and after the intervention.

Results: the results revealed significant increases in nitric oxide levels and reductions in blood
glucose, body mass index, quality of life scores, and diabetes-related emotional distress in the
brisk walking group. the most notable improvements were observed in obese participants.
these findings align with previous studies showing that moderate-intensity exercise improves
endothelial function and glycemic control. they also offer new insights into the role of nitric
oxide as a physiological mediator in physical activity interventions.

Conclusions: it is concluded that brisk walking is an effective, accessible, and low-risk strategy
to enhance metabolic and psychosocial health in individuals with type 2 diabetes.

Keywords
Body mass index; brisk walking; mental health; nitric oxide; type 2 diabetes mellitus

Resumen

Introduccién y Objetivo: la diabetes mellitus tipo 2 representa un desafio de salud publica glo-
bal, especialmente en paises de ingresos bajos y medios como indonesia. las intervenciones no
farmacolégicas, como el ejercicio fisico, han sido ampliamente promovidas, aunque existe es-
casa evidencia sobre los efectos agudos de una sola sesiéon de caminata vigorosa.
el objetivo de este estudio fue evaluar la eficacia de una caminata enérgica de 60 minutos sobre
los niveles de 6xido nitrico, glucosa en sangre, indice de masa corporal, calidad de vida y salud
mental en personas con diabetes tipo 2.

Metodologia: se utiliz6 un disefio experimental de grupos paralelos con asignacion aleatoria.
participaron setenta y dos personas con diabetes tipo 2, distribuidas en dos grupos: caminata
enérgica y caminata regular. la intervencién duré doce semanas, con cinco sesiones semanales.
se emplearon herramientas validadas para medir los parametros bioquimicos, antropométri-
cos y psicolédgicos antes y después del protocolo.

Resultados: los resultados mostraron incrementos significativos en los niveles de dxido nitrico,
asi como disminuciones en glucosa en sangre, indice de masa corporal, puntajes de calidad de
vida y sintomas emocionales relacionados con la diabetes en el grupo de caminata enérgica. los
cambios fueron mas notorios en personas con obesidad. Los hallazgos concuerdan con estudios
previos sobre el efecto del ejercicio moderado en la funcién endotelial y el control glucémico, y
aportan evidencia nueva sobre el papel del 6xido nitrico como mediador fisioldgico clave.
Conclusiones: se concluye que la caminata enérgica es una intervencion accesible, eficaz y se-
gura para mejorar multiples dimensiones de la salud en personas con diabetes tipo 2.

Palabras clave

Caminar enérgico; diabetes mellitus tipo 2; indice de masa corporal; salud mental; 6xido nitrico.
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Introduction
___________________________________________________________________________________________________________________________|
Type 2 Diabetes Mellitus (T2DM) continues to represent one of the most significant global health cha-
llenges of the 21st century. As of 2021, approximately 537 million adults worldwide are affected by
diabetes, with projections indicating an increase to 783 million by 2045 (International Diabetes Fede-
ration (Alshowair et al.,, 2024; H et al., 2022; Shokr et al., 2025). The current global prevalence stands at
6.1% and is anticipated to more than double by 2050, potentially affecting an estimated 1.3 billion indi-
viduals (World Health Organization, 2024). This alarming rise in diabetes cases imposes a substantial
burden on healthcare systems and significantly impairs patients' quality of life and mental well-being.
In Indonesia, this global trend is reflected, with over 19.47 million cases reported in 2021, positioning
it as the country with the fifth-highest diabetes burden globally. Without significant intervention, the
prevalence in Indonesia is projected to reach 16.09% by 2045, impacting over 40.7 million individuals
(Kementerian Kesehatan Indonesia, 2024). Physical inactivity is a major modifiable risk factor contri-
buting to the incidence and poor management of T2DM. Despite well-established guidelines from the
American Diabetes Association (ADA) recommending at least 150 min of moderate-to-vigorous aerobic
exercise per week, less than half of individuals with diabetes meet this target (American Diabetes Asso-
ciation, 2022; Kanaley et al,, 2022; Syeda et al., 2023a). Walking, as the most accessible and low-impact
form of aerobic activity, is increasingly recommended to support glucose regulation, cardiovascular
health, and psychological outcomes. However, key questions remain regarding the optimal intensity and
duration of walking required to produce significant metabolic and psychosocial benefits in patients with
T2DM.

Brisk walking, defined as a moderate-to-vigorous pace ranging from approximately 4.8 to 6.4 km/h, has
been identified as a potentially more efficacious modality than casual walking in influencing physiologi-
cal and psychological outcomes. Recent research has indicated that moderate-intensity brisk walking
can significantly reduce blood glucose levels, body mass index (BMI), and glycated haemoglobin
(HbA1c), while also enhancing endothelial function through increased nitric oxide (NO) bioavailability
(KB etal,, 2024; Shannon et al,, 2022; Son et al., 2023). Additionally, structured walking interventions
have been linked to improved mental health and enhanced quality of life related to diabetes (Kanaley et
al,, 2022). Nevertheless, there remains a lack of clarity regarding the isolated effect of a single-session
brisk walking protocol on multiple integrated outcomes, such as NO levels, glucose concentration, BM],
quality of life, and mental health among individuals with type 2 diabetes mellitus (T2DM). The existing
literature has predominantly concentrated on long-term exercise interventions, with relatively few stu-
dies examining acute or short-term physiological and psychological responses to a standardised, one-
time brisk walking session. Furthermore, many previous studies have either excluded NO biomarkers
or inadequately connected physical activity with validated psychosocial outcomes. This highlights a sig-
nificant gap in understanding the multidimensional effects of brisk walking, particularly in populations
with low diabetes awareness and adherence to behavioural changes, such as in Indonesia.

The present study sought to assess the efficacy of a 60-minute brisk walking intervention on serum ni-
tric oxide levels, blood glucose levels, body mass index, quality of life, and mental health in patients with
type 2 Diabetes Mellitus (T2DM). Utilising a multidimensional framework that integrates metabolic, ant-
hropometric, and psychosocial outcomes, this study provides a comprehensive understanding of the
acute benefits of brisk walking. It also addresses significant gaps in the literature regarding the imme-
diate effectiveness of structured physical activity. Theoretically, this study contributes by elucidating
the physiological pathways, particularly the role of nitric oxide modulation, that underlie the benefits of
moderate-intensity aerobic exercise in diabetic populations. Practically, the findings may inform more
nuanced and culturally appropriate physical activity recommendations in primary healthcare, espe-
cially in resource-limited settings. The study employed a quasi-experimental design with a pretest-post-
test control group structure. Key variables included serum nitric oxide (measured via the Griess method
using the QuantiChrom Nitric Oxide Assay Kit), blood glucose (via Accu-Chek glucometer), BMI (measu-
red using ultrasonic sensor-based devices), and validated psychometric tools, including the Indonesian
version of the Diabetes Quality of Life (DQOL) questionnaire and the Problem Areas in Diabetes (PAID)
scale. By synthesising current evidence and incorporating biomarkers along with psychosocial indica-
tors, this study addresses an important empirical gap. These findings have the potential to influence
diabetes management strategies at both the clinical and community levels. The structure of this paper
includes a literature review, a methods section detailing participant selection and measurement tools,
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results highlighting pre-post intervention differences, and a discussion of the implications and limitati-
ons of the findings.

Method
'

Study Design

This study utilised a two-arm parallel-group randomised controlled trial (RCT) design to assess the ef-
ficacy of brisk walking in comparison with regular walking on serum nitric oxide (NO) levels, blood glu-
cose levels, body mass index (BMI), quality of life, and mental health among individuals with type 2
diabetes mellitus (T2DM). The intervention spanned a 12-week period.

Participants and Setting

The study population consisted of patients diagnosed with type 2 Diabetes Mellitus (T2DM) who were
receiving care at primary health centres and internal medicine outpatient clinics in Sorong City, South-
west Papua, Indonesia. The inclusion criteria were as follows: (1) age range of 35 to 65 years, (2) a con-
firmed diagnosis of T2DM for a minimum duration of one year, (3) the ability to ambulate independently
without the use of assistive devices, and (4) a willingness to fully participate in the study. The exclusion
criteria were (1) severe cardiovascular complications, (2) musculoskeletal disorders that limit mobility,
(3) current use of corticosteroids, and (4) participation in other structured physical activity programs
during the study period. To minimise selection bias, participants were randomly assigned using compu-
ter-generated block randomisation (block size = 4) with stratification by sex and age. To reduce infor-
mation bias, outcome assessors were blinded to the group allocation (single-blind design), and all out-
come measurements were conducted using standardised and validated instruments. Potential confoun-
ding variables were controlled through multivariate analysis and covariate adjustment for factors such
as diabetes duration, baseline BMI, and habitual physical activity. Sample size estimation was based on
power analysis for the comparison of two means (paired t-test), assuming an alpha level of 0.05, a sta-
tistical power of 80%, and a minimum effect size of 0.5. The minimum required sample size was 64 (32
per group). Allowing for a 10% attrition rate, 72 participants were recruited. A consecutive sampling
technique was employed, and recruitment was conducted through community education sessions at lo-
cal health facilities. Initial screening involved inclusion/exclusion checklists and basic health examina-
tions by medical professionals. The study was conducted at a single centre: the University of Muham-
madiyah Sorong and the Malawili Community Health Centre, Sorong Regency, between January and
March 2025. The site was selected based on access to the target population, availability of standardised
laboratory facilities, and adequate infrastructure and personnel.

Intervention

The intervention spanned 12 weeks, during which each group participated in walking activities five days
per week, with each session lasting 60 minutes. The Brisk Walking Group maintained a pace of 100 steps
per minute (approximately 5 km/h), while the Regular Walking Group walked at a leisure pace of fewer
than 80 steps per minute (approximately 3-4 km/h). Sessions were conducted in designated urban
parks and stadium areas prepared by the research team, and all sessions were supervised by trained
fitness instructors. The participants received initial training on the intervention protocol and use of pe-
dometers. Adherence was monitored through daily logbooks and in-person supervision three times per
week. Intervention fidelity was ensured through structured instructor training and field supervision. In
accordance with the TIDieR checklist, each walking session comprised (1) a 10-minute warm-up, (2) 40
min of brisk walking, and (3) a 10-minute cool-down phase. The protocol was registered and validated
by a certified physiotherapist. All sessions were overseen by trained instructors and healthcare profes-
sionals who had completed a two-day standardisation training program. Participant compliance was
monitored using attendance records and daily activity logs. Fidelity monitoring was conducted through
weekly field supervision and progress reporting. No protocol modifications were planned, and no wa-
shout period was required owing to the parallel design. The control group received standard health
education and was instructed to maintain their usual daily activities without any additional interven-
tion. A flowchart and intervention timeline are presented in Figure 1.
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Figure 1. Flowchart and intervention timeline
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Data Collection

Serum nitric oxide (NO) levels were quantified using the Griess reaction with the QuantiChrom Nitric
Oxide Assay Kit (BioAssay Systems, California, USA) at the University of Muhammadiyah Sorong Labo-
ratory. Optical density measurements were performed using an ELISA reader (ELx800; BioTek Instru-
ments, USA) (MArshal Scientific, 2024). Blood glucose levels were determined via the Accu-Chek gluco-
meter using a glucose oxidase enzymatic reaction. Body mass index (BMI) was assessed using an auto-
mated device equipped with an ultrasonic sensor and a microcontroller system. Quality of life was eva-
luated using the Bahasa Indonesia version of the Diabetes Quality of Life (DQOL) questionnaire, which
has a validated Cronbach'’s alpha of 0.735. This 46-item instrument addresses dimensions such as treat-
ment satisfaction, the impact of therapy, future concerns, and social issues (Irianti et al., 2021). Mental
health was assessed using the Problem Areas in Diabetes (PAID) scale, comprising 20 items with inter-
nal consistency ranging from a = 0.90-0.95 (Gw et al., 1997). Data collection was executed by enumera-
tors who underwent a two-day training on standardised procedures. Quality control measures included
double data entry, cross-validation, and field supervision. All data were securely stored on a cloud-based
encrypted platform with dual-layer security and weekly backup. Missing data were addressed using
multiple imputation techniques. Data collection was conducted in two phases: pre- and post-interven-
tion (12 weeks).

Data Analysis

Data were analysed using the most recent version of the Jamovi statistical software. The primary
analysis involved assessing within-group differences using paired t-tests and conducting between-
group comparisons using independent t-tests or ANCOVA, incorporating relevant covariates. Secondary
analyses included subgroup evaluations based on sex and duration of diabetes. Missing data were ad-
dressed through multiple imputations. The effect sizes for each variable were calculated using Cohen’s
d. All analyses are reported as 95% confidence intervals (Cls). Adjustments for multiple comparisons
Sy, ‘
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were made using Bonferroni correction. Analyses adhered to an intention-to-treat (ITT) approach, with
a per-protocol analysis conducted for comparison.

Ethical Considerations

Ethical approval for this study was granted by the Health Research Ethics Committee of the Health
Polytechnic of the Ministry of Health in Sorong (Approval No 003 /KEPK-Polkesor/11/2025). The study
was registered with ClinicalTrials.gov (ID: NCT05888977). Prior to enrolment, written informed con-
sent was obtained from all participants. Data were handled with strict confidentiality and were accessi-
ble solely to the principal investigator. While no financial compensation was provided, the participants
received complimentary health consultations and diabetes education.

Results
1

Demographic and Clinical Characteristics of Respondents

A total of 72 respondents were successfully recruited and completed the entire 12-week intervention
program. The participants were evenly distributed between two groups: brisk walking (n = 36) and re-
gular walking (n = 36). Table 1 presents the baseline demographic, clinical, and lifestyle characteristics
of the participants before the intervention.

Table 1. Baseline Demographic, Clinical, and Lifestyle Characteristics of Respondents (n = 72)

Characteristic Brisk Walking (n = 36) Regular Walking (n = 36)
Age (years, mean * SD) 54.6 +6.3 55.1+6.7
Sex
- Male 18 (50.0%) 17 (47.2%)
- Female 18 (50.0%) 19 (52.8%)
Marital Status
- Married 30 (83.3%) 29 (80.6%)
- Unmarried 2 (5.6%) 3(8.3%)
- Widowed/Divorced 4(11.1%) 4 (11.1%)
Highest Educational Attainment
- Primary School 6 (16.7%) 7 (19.4%)
- Junior Secondary 8(22.2%) 9 (25.0%)
- Senior Secondary 15 (41.7%) 14 (38.9%)
- Tertiary Education 7 (19.4%) 6 (16.7%)
Occupation
- Permanent Employee 10 (27.8%) 9 (25.0%)
- Self-employed 9 (25.0%) 8 (22.2%)
- Unemployed 14 (38.9%) 15 (41.7%)
- Retired 3(8.3%) 4 (11.1%)
Monthly Income
- Below Minimum Wage 22 (61.1%) 23 (63.9%)
- Equal to or Above Minimum Wage 14 (38.9%) 13 (36.1%)
Duration of Diabetes (years) 6.4+2.8 6.2+3.1
Family History of Diabetes
- Yes 25 (69.4%) 26 (72.2%)
-No 11 (30.6%) 10 (27.8%)
History of Diabetes Complications
- Hypertension 21 (58.3%) 20 (55.6%)
- Nephropathy 5 (13.9%) 6 (16.7%)
- Retinopathy 3(8.3%) 2 (5.6%)
Current Diabetes Therapy
- Oral Hypoglycaemic Agents (OHA) 20 (55.6%) 22 (61.1%)
- Insulin 7 (19.4%) 6 (16.7%)
- Combination Therapy 9 (25.0%) 8 (22.2%)
BMI Category (WHO Asia Criteria)
- Normal 7 (19.4%) 8 (22.2%)
- Overweight 13 (36.1%) 14 (38.9%)
- Obese 16 (44.4%) 14 (38.9%)
Blood Pressure (mmHg)
- Systolic (mean * SD) 138.6 £ 14.2 137.2+13.9
- Diastolic (mean * SD) 84.1+9.5 83.4+9.2
HbAlc (%) (n=45) 8.1+13 80+1.4
Previous Physical Activity
- Physically active 10 (27.8%) 9 (25.0%)
- Physically inactive 26 (72.2%) 27 (75.0%)
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Smoking Status

- Non-smoker 20 (55.6%) 21 (58.3%)
- Active smoker 8 (22.2%) 7 (19.4%)
- Passive smoker 8 (22.2%) 8 (22.2%)

The demographic and clinical characteristics of the two cohorts were largely comparable. The mean age
of participants was approximately 55 years, with a nearly equal distribution of male and female indivi-
duals. The majority were married, had completed secondary education, and were either unemployed or
retired. Both groups exhibited a high prevalence of obesity, approximately 40%, and most participants
had a family history of diabetes as well as elevated blood pressure. Baseline levels of physical activity
were generally low, and over half of the participants were non-smokers.

Effect of Brisk Walking on Nitric Oxide Levels, Blood Glucose, BMI, Quality of Life, and Mental Health
This study sought to assess the efficacy of brisk walking, defined as 60 minutes per day, five days per
week over a 12-week period, on both clinical and psychosocial parameters in individuals with type 2
diabetes mellitus. The analysis involved a comparative evaluation of two groups—those engaging in
brisk walking and those participating in regular walking—to determine changes in nitric oxide (NO)
levels, blood glucose, body mass index (BMI), quality of life (DQOL), and mental health, as measured by
the PAID score.

Table 2. Comparison of Mean Values Pre- and Post-Intervention in Brisk Walking and Regular Walking Groups

Variable Brisk Walking (n = 36) Regular Walking (n = 36) p-value (interaction)
Nieic Oide (umel/L) Post. 3372 6.2 Pos: 263+ 55 <0001
Blood Glucose (mg/dL) Post: 1.4 2 24. Pos: 1672 2255 <0001
B (kg/ ) Post 26,1232 Post:27.0 £33 0002
DQOL (0-164) ost 853+ 152 ot 955+ 16.1 <0001
: + : +
PAID Score (0-100) bort 265 293 Pos: 336+ 101 0004

Note: This table presents the mean values before and after the intervention in both groups for each parameter: nitric oxide, blood glucose, BMI,
diabetes-related quality of life (DQOL), and psychological distress (PAID score).

A significant elevation in nitric oxide levels was observed in the brisk walking group compared to that
in the regular walking group (p &lt; 0.001). Blood glucose levels exhibited a more pronounced decrease
in the brisk walking group (A: -39.3 mg/dL) than in the regular walking group (A: -12.9 mg/dL). Body
Mass Index (BMI) also demonstrated a statistically significant reduction in the brisk walking group (p =
0.002). Quality of life markedly improved in the brisk walking group, as indicated by a reduction in Dia-
betes Quality of Life (DQOL) scores (lower scores denote an enhanced quality of life), whereas the regu-
lar walking group exhibited minimal improvement. Additionally, Problem Areas in Diabetes (PAID) sco-
res significantly decreased in the brisk walking group, reflecting reduced diabetes-related emotional
distress (p = 0.004).

Figure 2 Changes in nitric oxide, blood glucose, BM], diabetes-related quality of life (DQOL), and psychological distress (PAID score) Levels
Before and After Intervention
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The graph illustrates a more pronounced increase in nitric oxide, blood glucose, BMI, diabetes-related
quality of life (DQOL), and psychological distress (PAID score) levels in the brisk walking group follo-
wing the 12-week intervention compared to the regular walking group.

Subsections of the General Research Objective
Subgroup Analysis Based on Body Mass Index (BMI)

To explore the differential effects of the intervention across various nutritional statuses, a subgroup
analysis was performed based on BMI categories according to the WHO Asia classification: normal (<23
kg/m?), overweight (23-24.9 kg/m?), and obese (225 kg/m?).

Table 3. Changes in Blood Glucose and PAID Scores According to BMI Category
A Blood Glucose Brisk Walking A PAID Score Brisk A Blood Glucose Regular Walking A PAID Score Regular

BMI Category

(mg/dL) Walking (mg/dL) Walking
Normal (n = 15) -281+103 92156 -10.5+8.7 —32:4.1
Overwze%ht (n= -36.6+12.1 -11.8+6.1 12493 -46+48
Obese (n = 30) -44.7 £ 145 -13.5+7.2 -14.3+ 105 -5.9+5.3

Note: This table presents the mean changes (pre-post intervention) in blood glucose levels and PAID scores stratified by BMI category.

The effects of brisk walking on glycaemic control and diabetes-related distress (as measured by PAID
score) were most pronounced in participants classified as obese. These findings suggest that individuals
with a higher BMI derive greater therapeutic benefit from brisk walking in this study.

Figure 3. Comparison of Blood Glucose Reduction & PAID Score Across BMI Categories
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The chart demonstrates that the most significant reduction in blood glucose levels and PAID Score was
observed in the brisk walking group among obese participants, followed by those classified as
overweight, and finally, those with a normal BMI. This pattern underscores the enhanced metabolic and
psychological responsiveness to brisk walking in individuals with a higher BMI.

Discussion

This study demonstrated that a 60-minute brisk walking intervention significantly increased nitric
oxide (NO) levels, reduced blood glucose concentrations, lowered body mass index (BMI), and improved
both quality of life and mental health among patients with type 2 diabetes mellitus (T2DM). These fin-
dings underscore the superiority of brisk walking over regular walking, particularly in enhancing en-
dothelial function through greater NO bioavailability and improving metabolic control. Statistically sig-
nificant elevations in NO serve as robust indicators of endothelial repair, while reductions in blood glu-
cose levels reflect improved insulin sensitivity. The observed BMI reduction within a relatively short
intervention period suggests a favorable anthropometric impact. Improvements in Diabetes Quality of
Life (DQOL) scores and reductions in Problem Areas in Diabetes (PAID) scores indicate psychosocial
benefits, including enhanced treatment satisfaction and a reduced emotional burden associated with
T2DM (Amerkamp et al,, 2024).
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From a physiological standpoint, these findings align with established exercise physiology theories,
whereby aerobic exercise stimulates endogenous NO production via endothelial nitric oxide synthase
(eNOS) activation (Allen, 2023; Mueller et al., 2024; Tran et al,, 2022). NO is a potent vasodilator, enhan-
cing tissue perfusion and facilitating glucose uptake into skeletal muscle. Evidence indicates that aerobic
exercise in patients with diabetes increases NO production and facilitates glucose transport through
GLUT-4 translocation to the skeletal muscle cell membrane (Singh et al., 2023) (Bassi-Dibai et al., 2022;
Soo etal,, 2023). Furthermore, moderate-to-high-intensity physical activity can enhance skeletal muscle
glucose uptake by up to 40% independently of insulin (Silva et al., 2024).

The glycemic improvements observed here likely reflect synergistic mechanisms: increased insulin sen-
sitivity and insulin-independent glucose transport. These results are consistent with prior reports that
regular physical activity improves glycemic control, particularly in individuals with obesity and T2DM
(Astbury, 2024; Boye et al., 2021). The optimal intensity of exercise remains debated, with evidence
suggesting that higher-intensity interventions promote greater weight loss, whereas moderate-inten-
sity activity more effectively enhances insulin sensitivity (Collins et al., 2022; Gaesser & Angadi, 2021).

The present findings also highlight the relevance of NO to mental health outcomes. Recent studies report
that brisk walking can reduce oxidative stress and inflammation—pathways implicated in depression
and anxiety among patients with T2DM—through improvements in cerebral vascular function and ce-
rebral blood Flow (Vandersmissen et al., 2025). Research in Southeast Asia, including Indonesia, sup-
ports these results, showing that 8-12 week brisk walking programs improve glycemic control, aerobic
capacity, and subjective well-being in patients with T2DM (Eslami et al., 2025; Harun et al., 2022; Syeda
etal., 2023b)

Additionally, recent Retos publications have emphasized the broader role of structured aerobic-based
interventions in improving cardiometabolic health and physical function in populations with chronic
conditions. Zalillah et al., (2025) demonstrated that a 45-minute session of total-body aerobic gymnas-
tics performed at 88 beats per minute was significantly more effective than low-intensity steady-state
walking in improving body composition among sedentary adult women, as evidenced by reductions in
BMI and fat mass, and increases in muscle mass. In a different clinical population, Kristiani et al., (2025)
reported that uphill treadmill walking, when added to standard therapy, significantly improved
hamstring flexibility in patients with grade II-111 knee osteoarthritis, with moderate-to-large effect sizes.
These findings collectively reinforce the efficacy of targeted, structured walking and aerobic programs
in producing meaningful physiological adaptations, supporting the relevance of brisk walking interven-
tions for enhancing functional capacity, metabolic health, and overall quality of life in individuals with
T2DM.

From a clinical perspective, brisk walking may promote stable glycemic control without the elevated
risk of hypoglycemia commonly associated with pharmacological therapies. The short-term BMI reduc-
tion suggests a shift in energy balance, potentially mediated by increased post-exercise basal metabolic
rate. The use of ultrasonic sensor-based microcontroller devices for BMI measurement in this study
enhances the accuracy and reproducibility of anthropometric data. The improvement in quality of life
underscores the necessity for an expanded diabetes management paradigm that incorporates both me-
tabolic and psychosocial domains.

The relatively modest difference in PAID scores between the brisk walking and regular walking
groups—while still statistically significant—suggests that the emotional burden of diabetes may be
more strongly influenced by interpersonal and environmental factors, such as family support or occu-
pational circumstances, which are less directly modifiable through short-term physical activity. Moreo-
ver, psychological improvements may require a longer duration of intervention compared with physio-
logical changes. Longitudinal research is warranted to examine these effects over extended periods.

this study makes a novel contribution by explicitly linking brisk walking-induced NO elevation to im-
proved glycemic outcomes—a mechanism rarely delineated in the literature—and by demonstrating its
applicability in an Indonesian diabetic population. From a practical standpoint, these findings advocate
for the integration of brisk walking into standard T2DM care, particularly within primary healthcare
and community-based lifestyle modification programs. As a low-cost, accessible, and low-risk interven-
tion, brisk walking offers a viable strategy for improving both the metabolic and psychosocial dimen-
sions of diabetes management.
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Study Limitations and Future Directions

This study had several limitations. First, the quasi-experimental design employing non-randomized con-
trol groups introduces potential selection bias, thereby limiting the generalizability of the findings. Se-
cond, the relatively short duration of the intervention may not sufficiently capture long-term effects on
psychological and anthropometric parameters. Third, the assessment of NO levels was conducted using
pre- and post-intervention measurements without serial monitoring, leaving the dynamic pattern of NO
production throughout the intervention period unknown. Fourth, the self-reported nature of the PAID
and DQOL instruments introduces the possibility of response bias. Future studies should incorporate
additional biochemical markers, such as HbA1lc and high-sensitivity C-reactive protein (hs-CRP), to pro-
vide a more comprehensive assessment of the inflammatory status and long-term glycemic control. Ex-
ploration of other psychosocial outcomes, including sleep quality, self-motivation, and perceived self-
efficacy, could further elucidate the broader impact of brisk walking in diabetes management. New re-
search questions, such as whether combining brisk walking with mindfulness interventions produces
synergistic effects on patients’ mental health, also warrant further investigation.

Conclusions

. ______________________________________________________________________|
This study aimed to assess the efficacy of a 60-minute brisk walking intervention on nitric oxide (NO)
levels, blood glucose concentrations, body mass index (BMI), quality of life, and mental health in patients
with type 2 diabetes mellitus. The principal findings indicated that brisk walking significantly increased
NO levels, reduced blood glucose levels, improved BMI, and enhanced both quality of life and mental
health compared with regular walking. These outcomes provide valuable support for the integrative
theory emphasising the interconnected roles of vascular, metabolic, and psychosocial systems in diabe-
tes management, while underscoring the pivotal role of NO as a central mediator linking physical activity
with glycaemic regulation. The significance of these findings lies in their potential to address a critical
gap in the literature concerning the specific physiological mechanisms through which simple exercise
interventions elicit multidimensional improvements in patients with type 2 diabetes. Despite limitati-
ons, including the relatively short duration of the intervention and modest sample size, the results offer
robust and meaningful contributions to the current evidence. Future research should consider longitu-
dinal study designs with larger sample sizes, incorporate additional vascular biomarkers, and explore
optimised frequencies and intensities of physical activity to maximise therapeutic responses. Further-
more, these findings may serve as a practical basis for healthcare providers and policymakers to advo-
cate brisk walking as an accessible, safe, and cost-effective nonpharmacological strategy for comprehen-
sive type 2 diabetes care.
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