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ABSTRACT 
Background 
Chronic Obstructive Pulmonary Disease (COPD) is a major global health burden characterized by progressive airflow 
limitation and exercise intolerance. Nordic Walking (NW), which employs specially designed poles to engage upper-
body musculature, has emerged as a potentially superior exercise modality compared to conventional walking (CW) 
in pulmonary rehabilitation. However, robust evidence comparing their effects on functional exercise capacity in 
COPD patients remains limited. 
Objectives 
To compare the effects of an 8-week structured Nordic Walking program versus conventional walking on functional 
exercise capacity, dyspnea, health-related quality of life (HRQoL), and peripheral muscle strength in patients with 
moderate-to-severe COPD. 
Methods 
A prospective, parallel-group randomized controlled trial was conducted. Sixty patients with COPD (GOLD Stage II–
III) were randomly allocated (1:1) to NW (n=30) or CW (n=30) groups. Both groups performed three supervised 45-
minute sessions per week for 8 weeks. The primary outcome was the six-minute walk distance (6MWD). Secondary 
outcomes included peak oxygen consumption (VO₂ peak), modified Medical Research Council (mMRC) dyspnea 
scale, St. George's Respiratory Questionnaire (SGRQ), COPD Assessment Test (CAT), Timed Up-and-Go (TUG) 
test, 30-second Chair Stand Test (30-s CST), and handgrip strength. 
Results 
Both groups demonstrated significant within-group improvements across all outcome measures (p < 0.05). The NW 
group exhibited significantly greater improvement in 6MWD (Δ+66.2 ± 18.4 m vs. Δ+23.1 ± 15.7 m; p < 0.001), VO₂ 
peak, handgrip strength, and SGRQ total score compared to the CW group. No serious adverse events were recorded 
in either group. 
Conclusion 
An 8-week Nordic Walking program produced superior improvements in functional exercise capacity, peripheral 
muscle strength, and HRQoL compared to conventional walking in COPD patients. Nordic Walking represents a safe 
and effective modality for inclusion in pulmonary rehabilitation programs. 
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1. INTRODUCTION 

Chronic Obstructive Pulmonary Disease (COPD) is a 
preventable and treatable chronic respiratory disease 
characterized by persistent airflow limitation, chronic 
inflammation of the airways and lung parenchyma, 
and extra-pulmonary manifestations. [1] The Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) estimates that COPD currently affects 
approximately 300 million individuals worldwide and 
is projected to become the third leading cause of 
mortality by 2030, imposing a substantial burden on 
health systems globally. [2] 

A hallmark of COPD is exercise intolerance, resulting 
from a complex interplay of ventilatory limitation, 
peripheral muscle dysfunction, dynamic 
hyperinflation, and impaired gas exchange. [3] 
Reduced physical activity perpetuates a cycle of 
deconditioning, increased dyspnea, and further 
activity limitation, culminating in diminished 
functional capacity, reduced health-related quality of 
life (HRQoL), and increased hospitalizations. [4] 
Exercise training remains one of the most clinically 
effective components of pulmonary rehabilitation 
(PR), producing consistent improvements in exercise 
capacity, dyspnea, and HRQoL independent of 
pharmacological therapy. [5] 

Conventional walking (CW) is the most widely 
recommended and accessible form of aerobic exercise 
in COPD rehabilitation protocols. [6] However, CW 
predominantly engages lower-extremity musculature 
and may not adequately address the upper-body 
deconditioning frequently observed in COPD patients 
due to accessory respiratory muscle involvement and 
sedentary behavior. [7] Nordic Walking (NW), a 
whole-body physical activity that incorporates 
specially designed poles, compels rhythmic 
engagement of the upper limbs, shoulder girdle, core 
musculature, and trunk stabilizers in addition to the 
lower extremities, thereby increasing total muscular 
recruitment and metabolic demand compared to 
normal walking at equivalent perceived exertion 
levels. [8, 9] 

The unique biomechanical advantages of NW 
including proprioceptive feedback through the poles, 
reduced knee joint loading, facilitated trunk extension, 
and improvements in respiratory mechanics through 
enhanced thoracic expansion have generated 
considerable interest in its application among 
populations with chronic pulmonary diseases. [10, 11] 
Preliminary evidence from studies in general elderly 
populations, cardiovascular disease, and osteoporosis 

suggests NW may confer superior cardiovascular, 
musculoskeletal, and functional benefits compared to 
conventional walking. [12, 13] 

Despite these theoretical advantages, the evidence 
base specifically comparing NW to CW in COPD is 
nascent and characterized by heterogeneous protocols, 
small sample sizes, and inconsistent outcome 
selection. [14] A rigorous randomized controlled trial 
(RCT) directly comparing the two modalities across 
multiple clinically meaningful domains is warranted to 
inform evidence-based pulmonary rehabilitation 
guidelines. [15] 

Therefore, the primary aim of this study was to 
compare the effects of an 8-week structured NW 
intervention versus CW on functional exercise 
capacity, as measured by the Six-Minute Walk 
Distance (6MWD), in patients with moderate-to-
severe COPD. Secondary aims included comparison 
of peak aerobic capacity, peripheral muscle strength, 
dyspnea and HRQoL outcomes. 

2. MATERIALS AND METHODS 

2.1 Study Design 

This study was a prospective, parallel-group, single-
blind, randomized controlled trial conducted at the 
Department of Physiotherapy between Feb 2025 and 
March 2026. The trial was conducted in accordance 
with the Declaration of Helsinki (2013 revision). 
Written informed consent was obtained from all 
participants prior to enrollment.  

2.2 Participants 

Patients were recruited from the outpatient 
pulmonology clinic. Eligibility criteria were as 
follows: 

Inclusion criteria: (1) confirmed COPD 
diagnosis per GOLD guidelines with post-
bronchodilator FEV₁/FVC < 0.70 (2) GOLD 
Stage II or III (FEV₁ 30–79% predicted) (3) 
age ≥ 45 years (4) clinically stable (no 
exacerbation within the preceding 8 weeks) 
(5) able to ambulate independently (6) no 
prior exposure to Nordic Walking. 

Exclusion criteria: (1) significant orthopedic, 
neurological, or cardiovascular comorbidities 
contraindicated for exercise (2) current 
participation in formal pulmonary 
rehabilitation (3) supplemental oxygen 
dependency (4) severe cognitive impairment 
(5) body mass index (BMI) > 35 kg/m². 

2.3 Randomization and Blinding 
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Eligible participants were randomly allocated in a 1:1 
ratio to the Nordic Walking (NW) group or the 
Conventional Walking (CW) group using computer-
generated randomization with concealed allocation via 
sequentially numbered, opaque, sealed envelopes 
(SNOSE method). Allocation was performed by an 
independent statistician not involved in participant 
assessment or intervention delivery. Due to the nature 
of the exercise intervention, complete blinding of 
participants and treating physiotherapists was not 
feasible; however, all outcome assessors were blinded 
to group allocation throughout the study period. 

2.4 Interventions 

Both groups underwent supervised exercise training 
three times per week for 8 consecutive weeks (24 
sessions total), with each session lasting 45 minutes 
including warm-up and cool-down phases. All 
sessions were conducted in supervised group format 
(maximum 6 participants per group) by a trained 
physiotherapist. 

Nordic Walking Group: Participants received 
a 2-session introductory training on correct 
NW technique (arm swing, pole placement, 
forward propulsion) prior to commencing the 
intervention. Adjustable aluminum poles 
fitted with ergonomic wrist straps were 
provided. Exercise intensity was individually 
titrated to 60–75% of heart rate reserve 
(HRR) using the Karvonen formula, with 
progression by 5% every 2 weeks. Borg 
Rating of Perceived Exertion (RPE) scale 
(target 4–5 on a 10-point scale) was used as 
an adjunct intensity guide. 

Conventional Walking Group: Participants 
performed flat-surface treadmill and outdoor 
walking sessions matched for total duration 
and relative intensity (60–75% HRR) with 
identical progression protocol and RPE 
targets. No poles or upper-limb activity was 
incorporated. Both groups were instructed to 
refrain from initiating new exercise programs 
outside the study protocol. 

2.5 Outcome Measures 

All outcomes were assessed at baseline (Week 0) and 
post-intervention (Week 9, 7 days after the last 
session) by assessors blinded to group allocation. 

Primary Outcome: The Six-Minute Walk Test 
(6MWT) was conducted per American Thoracic 
Society (ATS) guidelines on a 30-meter flat corridor. 
[17] 6MWD was recorded as the total distance 
(meters) covered in 6 minutes. SpO₂ and heart rate 

were monitored continuously Borg dyspnea and 
fatigue scores were recorded pre and post-test. 

Secondary Outcomes: (1) Cardiopulmonary Exercise 
Testing (CPET) for VO₂ peak (mL/kg/min) on a cycle 
ergometer (2) mMRC Dyspnea Scale (0–4), (3) St. 
George's Respiratory Questionnaire (SGRQ), (4) 
COPD Assessment Test (CAT), (5) Timed Up-and-Go 
(TUG) test, (6) 30-second Chair Stand Test (30-s 
CST), (7) Handgrip Strength (dominant hand, Jamar 
dynamometer, kg). 

2.6 Sample Size 

Sample size was calculated using G*Power 3.1 
software based on expected between-group difference 
in 6MWD of 35 meters (SD = 45 m), derived from 
prior comparable trials, [18] with α = 0.05 (two-tailed) 
and power (1-β) = 0.80. This yielded a minimum of 27 
participants per group. Accounting for an estimated 
10% dropout rate, 30 participants per group (n=60 
total) were enrolled. 

2.7 Statistical Analysis 

All analyses were performed using IBM SPSS 
Statistics version 27.0 (IBM Corp., Armonk, NY, 
USA). Data were assessed for normality using the 
Shapiro-Wilk test. Descriptive statistics are presented 
as mean ± standard deviation (SD) for continuous 
variables and as frequency (percentage) for categorical 
variables. Baseline comparability between groups was 
assessed using independent samples t-test 
(continuous) and chi-square test (categorical). 

Primary analysis was conducted on an intention-to-
treat (ITT) basis, with missing values managed by last-
observation-carried-forward (LOCF) imputation. 
Within-group changes were analyzed using paired 
samples t-test. Between-group differences in post-
intervention outcomes were analyzed using 
independent samples t-test with baseline scores as 
covariates (ANCOVA). Effect sizes were calculated as 
Cohen's d. Statistical significance was set at p < 0.05 
(two-tailed). 

3. RESULTS 

3.1 Participant Flow and Baseline Characteristics 

A total of 82 patients were screened, of whom 60 met 
eligibility criteria and were enrolled and randomized 
(NW: n=30, CW: n=30). Two participants in the NW 
group and three in the CW group discontinued the 
intervention (NW: logistical constraints n=2, CW: 
intercurrent illness n=2, personal reasons n=1) and 
were included in the ITT analysis via LOCF. 
Adherence to scheduled sessions was 91.4% in the 
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NW group and 89.8% in the CW group. Figure 1 
presents the CONSORT flow diagram. 

Baseline demographic, anthropometric, and clinical 
characteristics were comparable between groups with 
no statistically significant differences (all p > 0.05). 
Detailed baseline data are presented in Table 1. 

Table 1. Baseline Characteristics of Study 
Participants 

Variable NW 
Group 
(n=30) 

CW 
Group 
(n=30) 

p-
value 

Age (years) 62.4 ± 
7.2 

63.1 ± 
6.8 

0.71 

Sex 
(Male/Female) 

18/12 19/11 0.79 

BMI (kg/m²) 25.3 ± 
3.8 

25.9 ± 
4.1 

0.55 

FEV₁ (% 
predicted) 

52.6 ± 
9.4 

53.1 ± 
10.2 

0.84 

FEV₁/FVC ratio 0.58 ± 
0.07 

0.57 ± 
0.08 

0.61 

GOLD Stage 
II/III 

18/12 17/13 0.80 

Smoking Pack-
years 

38.4 ± 
12.6 

39.2 ± 
13.1 

0.80 

mMRC Dyspnea 
Score 

2.3 ± 0.6 2.4 ± 0.7 0.55 

6MWD Baseline 
(m) 

312.4 ± 
48.6 

315.1 ± 
51.3 

0.82 

SpO₂ at rest (%) 94.2 ± 
1.8 

94.5 ± 
1.6 

0.49 

Disease 
Duration (years) 

8.6 ± 3.4 8.9 ± 3.7 0.73 

Values are mean ± SD unless otherwise stated. NW = 
Nordic Walking; CW = Conventional Walking; BMI 
= Body Mass Index; FEV₁ = Forced Expiratory 
Volume in 1 second; FVC = Forced Vital Capacity; 
GOLD = Global Initiative for Chronic Obstructive 
Lung Disease; mMRC = modified Medical Research 
Council; 6MWD = Six-Minute Walk Distance; SpO₂ 
= Peripheral Oxygen Saturation. 

3.2 Primary Outcome: Six-Minute Walk Distance 

Both groups demonstrated statistically significant 
within-group improvements in 6MWD following the 
8-week intervention (NW: Δ+66.2 ± 18.4 m, p < 0.001, 
CW: Δ+23.1 ± 15.7 m, p < 0.001). The between-group 
comparison revealed a significantly greater 
improvement in 6MWD in the NW group compared to 
CW (mean difference: 43.1 m, 95% CI: 34.6–51.6 m, 
p < 0.001, Cohen's d = 1.42, large effect). The 
improvement in the NW group exceeded the 
established minimum clinically important difference 

(MCID) for 6MWD in COPD (25 meters) in all 
participants. 

3.3 Secondary Outcomes 

The NW group demonstrated significantly greater 
improvements compared to CW in VO₂ peak, Borg 
RPE post-6MWT, SpO₂ nadir, handgrip strength, 
SGRQ total score, CAT score, TUG test, and 30-s CST 
(all p < 0.05). Detailed pre and post-intervention 
values for all outcome measures are presented in Table 
2. 

Table 2. Pre and Post-Intervention Outcome 
Measures 

Outco
me 
Measu
re 

NW 
Pre 

NW 
Post 

CW 
Pre 

CW 
Post 

p 

6MW
D (m) 

312.4
±48.6 

378.6±
42.3* 

315.1
±51.3 

338.2±
47.9* 

<0.
001 

Δ 
6MW
D (m) 

— +66.2
±18.4 

— +23.1
±15.7 

<0.
001 

VO₂ 
peak 
(mL/k
g/min) 

14.8±
2.6 

17.9±2
.4* 

14.6±
2.8 

15.8±2
.5* 

0.0
12 

Borg 
RPE 
(post-
6MW
T) 

5.8±1
.2 

4.6±1.
0* 

5.7±1
.3 

5.2±1.
1* 

0.0
31 

SpO₂ 
nadir 
6MW
T (%) 

87.4±
2.6 

89.6±2
.1* 

87.2±
2.8 

88.1±2
.4 

0.0
43 

Handg
rip 
Streng
th (kg) 

24.6±
5.2 

27.8±4
.8* 

24.9±
5.4 

25.6±5
.1 

0.0
28 

SGRQ 
Total 
Score 

52.4±
8.6 

43.2±7
.8* 

53.1±
9.2 

49.6±8
.4* 

0.0
18 

CAT 
Score 

18.6±
4.2 

14.2±3
.6* 

19.1±
4.5 

17.4±4
.0* 

0.0
24 

TUG 
Test 
(s) 

12.4±
2.8 

10.6±2
.4* 

12.6±
3.0 

11.8±2
.7* 

0.0
37 

30-s 
CST 
(reps) 

10.2±
2.4 

12.8±2
.2* 

10.4±
2.6 

11.4±2
.3* 

0.0
41 

Values are mean ± SD. * p < 0.05 vs. pre-
intervention (within-group). NW = Nordic Walking; 
CW = Conventional Walking; 6MWD = Six-Minute 
Walk Distance; VO₂ = Oxygen Consumption; RPE = 
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Rating of Perceived Exertion; SpO₂ = Peripheral 
Oxygen Saturation; SGRQ = St. George's Respiratory 
Questionnaire; CAT = COPD Assessment Test; TUG 
= Timed Up-and-Go; CST = Chair Stand Test. p-
values reflect between-group differences 
(ANCOVA). 

3.4 Safety and Adverse Events 

Both interventions were well-tolerated. No serious 
adverse events (exacerbations requiring 
hospitalization, falls resulting in injury, or 
cardiovascular events) were recorded in either group. 
Minor adverse events are detailed in Table 3. 

Table 3. Adverse Events During the Intervention 
Period 

Adverse Event NW Group (n=30) CW Group (n=30) 
Musculoskeletal discomfort 3 (10.0%) 1 (3.3%) 
Exercise-induced dyspnea (mild) 4 (13.3%) 5 (16.7%) 
Dropout (completed < 80% sessions) 2 (6.7%) 3 (10.0%) 
Serious adverse events 0 (0%) 0 (0%) 
Falls during exercise 0 (0%) 0 (0%) 

Values are expressed as n (%). No between-group 
statistically significant differences were observed for 
any adverse event (Fisher's exact test, all p > 0.05). 

4. DISCUSSION 

The principal finding of this randomized controlled 
trial is that an 8-week structured Nordic Walking 
program produced significantly greater improvements 
in functional exercise capacity, peripheral muscle 
strength, and health-related quality of life compared to 
a conventional walking program of equivalent 
duration and relative intensity in patients with 
moderate-to-severe COPD. The between-group 
difference in 6MWD of 43.1 meters is clinically 
meaningful, substantially exceeding the widely 
accepted MCID of 25–35 meters for this population. 
[19, 20] 

The superior gains in 6MWD observed in the NW 
group are consistent with the biomechanical and 
physiological rationale underlying pole-assisted 
walking. By actively engaging the latissimus dorsi, 
trapezius, deltoid, and triceps brachii musculature in 
addition to the lower extremities, NW substantially 
increases total metabolic demand and cardiac output 
relative to CW at equivalent RPE levels. [8] This 
whole-body recruitment pattern promotes greater 
central and peripheral cardiovascular adaptations, 
including improved skeletal muscle oxidative 
capacity, mitochondrial density, and capillary-to-fiber 
ratio mechanisms that directly translate to enhanced 
submaximal walking performance. [21] 

The improvement in VO₂ peak in the NW group 
(Δ+3.1 mL/kg/min) was significantly greater than CW 
(Δ+1.2 mL/kg/min), corroborating findings from 
Kocur et al. [22] and van Eijkeren et al. [23] in 
cardiovascular and neurological populations, 
respectively. In COPD specifically, Schiffer et al. [24] 
similarly reported enhanced cardiopulmonary 
parameters with NW; our findings extend these 
observations with a larger, adequately powered RCT. 

The significantly greater improvement in handgrip 
strength in the NW group (+3.2 kg vs. +0.7 kg) is 
notable given that peripheral muscle dysfunction 
particularly of the upper extremities is a well-
recognized extra-pulmonary manifestation of COPD 
associated with reduced exercise tolerance and 
survival. [25] The active propulsion mechanics of NW 
may provide a form of progressive upper-limb 
resistance training superimposed on aerobic 
conditioning, a dual benefit not achievable through 
lower-limb dominant modalities such as CW. 

The superior HRQoL outcomes, reflected in larger 
improvements in SGRQ total score and CAT score in 
the NW group, have important clinical implications. 
SGRQ changes exceeding the MCID of 4 units were 
achieved in 76.7% of NW participants versus 53.3% 
of CW participants (data not shown), suggesting 
greater clinical responsiveness. Improved HRQoL 
likely reflects the synergistic benefits of enhanced 
exercise capacity, reduced dyspnea, improved 
psychosocial engagement in group exercise, and the 
added functional independence conferred by upper-
body strengthening. [26] 

The improvements in balance and functional mobility 
(TUG and 30-s CST) in the NW group are clinically 
significant in the context of fall prevention. COPD 
patients demonstrate up to 3-fold higher fall rates 
compared to age-matched healthy adults, partly 
attributable to impaired balance and quadriceps 
weakness. [27] The use of poles in NW provides 
proprioceptive feedback and dynamic balance 
training, potentially augmenting these functional 
outcomes beyond aerobic conditioning alone. [28] 

The observed improvements in SpO₂ nadir during the 
6MWT in the NW group may reflect either improved 
ventilatory efficiency or enhanced oxygen delivery to 
exercising muscle through greater cardiac output. The 
absence of supplemental oxygen use in both groups 
excludes this as a confounding variable. 

4.1 Comparison with Existing Literature 

Our findings align with and extend a small but 
growing body of evidence. Breyer et al. [29] reported 
a significant advantage of NW over CW in a 3-month 
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COPD outpatient program (n=60), though their study 
lacked a primary outcome of 6MWD and did not 
include CPET. Lopes et al. [30] similarly reported NW 
superiority in dyspnea and functional capacity in a 6-
week pilot RCT (n=24). Our study strengthens the 
evidence base with an adequately powered sample, 
rigorous randomization, blinded outcome assessment, 
and a comprehensive, multidimensional outcomes 
battery. 

4.2 Limitations 

Several limitations warrant acknowledgment. First, 
the single-center design and sample restricted to 
GOLD Stage II–III COPD limits generalizability to 
very severe disease (Stage IV) and primary care 
settings. Second, blinding of participants and treating 
physiotherapists was not possible due to the nature of 
the interventions; however, outcome assessors 
remained blinded throughout. Third, the follow-up 
period of 8 weeks precludes conclusions regarding the 
durability of improvements; long-term follow-up 
studies are needed. Fourth, physical activity 
monitoring outside sessions (e.g., accelerometry) was 
not performed, and domestic activity modification 
may have influenced outcomes. Fifth, skeletal muscle 
biopsy or imaging was not obtained to verify 
hypothesized peripheral adaptations. 

4.3 Clinical Implications 

The findings support the integration of Nordic 
Walking as a structured exercise modality within 
pulmonary rehabilitation programs for patients with 
moderate-to-severe COPD. NW offers the practical 
advantages of low cost, outdoor accessibility, social 
participation, and scalable intensity, making it feasible 
for implementation in both supervised and 
community-based rehabilitation settings. 
Physiotherapists and pulmonary rehabilitation 
coordinators should consider incorporating 
standardized NW technique training as part of PR 
curriculum. Future research should evaluate NW in 
severe-to-very severe COPD, assess optimal session 
frequency and duration, and examine long-term effects 
on exacerbation frequency and hospitalizations. 

5. CONCLUSION 

An 8-week structured Nordic Walking program 
produced significantly greater improvements in 
functional exercise capacity (6MWD), peak aerobic 
capacity (VO₂ peak), peripheral muscle strength, 
balance and health-related quality of life compared to 
conventional walking in patients with moderate-to-
severe COPD. Both interventions were safe and well-
tolerated. Nordic Walking represents an effective, 

accessible, and superior whole-body exercise 
alternative for inclusion in evidence-based pulmonary 
rehabilitation programs. Further large-scale 
multicenter trials with extended follow-up are 
recommended to consolidate these findings. 

REFERENCES 

1. Global Initiative for Chronic Obstructive 
Lung Disease (GOLD). Global Strategy for 
the Diagnosis, Management, and Prevention 
of Chronic Obstructive Pulmonary Disease. 
2023 Report. Available from: 
https://goldcopd.org 

2. Collaborators GCOD. Global, regional, and 
national deaths, prevalence, disability-
adjusted life years, and years lived with 
disability for chronic obstructive pulmonary 
disease and asthma, 1990-2015. Lancet 
Respir Med. 2017;5(9):691-706. 

3. O'Donnell DE, Laveneziana P, Webb K, 
Neder JA. Chronic obstructive pulmonary 
disease: clinical integrative physiology. Clin 
Chest Med. 2014;35(1):51-69. 

4. Garcia-Aymerich J, Lange P, Benet M, 
Schnohr P, Antó JM. Regular physical 
activity reduces hospital admission and 
mortality in chronic obstructive pulmonary 
disease: a population based cohort study. 
Thorax. 2006;61(9):772-778. 

5. Spruit MA, Singh SJ, Garvey C, et al. An 
official American Thoracic 
Society/European Respiratory Society 
statement: key concepts and advances in 
pulmonary rehabilitation. Am J Respir Crit 
Care Med. 2013;188(8):e13-64. 

6. Troosters T, Gosselink R, Decramer M. 
Short- and long-term effects of outpatient 
rehabilitation in patients with chronic 
obstructive pulmonary disease: a randomized 
trial. Am J Med. 2000;109(3):207-212. 

7. Maltais F, Decramer M, Casaburi R, et al. An 
official American Thoracic 
Society/European Respiratory Society 
statement: update on limb muscle 
dysfunction in chronic obstructive 
pulmonary disease. Am J Respir Crit Care 
Med. 2014;189(9):e15-62. 

8. Church TS, Earnest CP, Morss GM. Field 
testing of physiological responses associated 
with Nordic Walking. Res Q Exerc Sport. 
2002;73(3):296-300. 

9. Tschentscher M, Niederseer D, Niebauer J. 
Health benefits of Nordic Walking: a 



Page: 1 6 1   

Comparative Effect of Nordic Walking versus Normal Walking on Functional Exercise Capacity in Patients with 
Chronic Obstructive Pulmonary Disease: A Randomized Controlled Trial 

 

IJDDT, Volume 16 Issue 56s, 2026 
 

systematic review. Am J Prev Med. 
2013;44(1):76-84. 

10. Figard-Fabre H, Fabre N, Leonardi A, 
Schena F. Physiological and perceptual 
responses to Nordic Walking in obese 
middle-aged women in comparison with the 
normal walk. Eur J Appl Physiol. 
2010;108(6):1141-1151. 

11. Parkatti T, Perttunen J, Wacker P. 
Improvements in functional capacity from 
Nordic walking: a randomized-controlled 
trial among elderly men. J Aging Phys Act. 
2012;20(1):93-105. 

12. Strömberg A, Lövgren M, Mårtensson J. 
Nordic Walking for Chronic Obstructive 
Pulmonary Disease and Heart Failure: A 
Review of Clinical Evidence. Eur J 
Cardiovasc Nurs. 2016;15(4):240-249. 

13. Gram B, Christensen R, Christiansen C, 
Gram J. Effects of Nordic walking and 
exercise in type 2 diabetes mellitus: a 
randomized controlled trial. Clin J Sport 
Med. 2010;20(5):355-361. 

14. Probst VS, Hernandes NA, Teixeira DC, et 
al. Reference values for the incremental 
shuttle walking test. Respir Med. 
2012;106(2):243-248. 

15. Vestbo J, Hurd SS, Agustí AG, et al. Global 
strategy for the diagnosis, management, and 
prevention of chronic obstructive pulmonary 
disease: GOLD executive summary. Am J 
Respir Crit Care Med. 2013;187(4):347-365. 

16. Moher D, Hopewell S, Schulz KF, et al. 
CONSORT 2010 Explanation and 
Elaboration: Updated guidelines for 
reporting parallel group randomised trials. J 
Clin Epidemiol. 2010;63(8):e1-37. 

17. ATS Committee on Proficiency Standards for 
Clinical Pulmonary Function Laboratories. 
ATS statement: guidelines for the six-minute 
walk test. Am J Respir Crit Care Med. 
2002;166(1):111-117. 

18. Breyer MK, Breyer-Kohansal R, Funk GC, et 
al. Nordic walking improves daily physical 
activities in COPD: a randomised controlled 
trial. Respir Res. 2010;11(1):112. 

19. Holland AE, Spruit MA, Troosters T, et al. 
An official European Respiratory 
Society/American Thoracic Society technical 
standard: field walking tests in chronic 
respiratory disease. Eur Respir J. 
2014;44(6):1428-1446. 

20. Singh SJ, Puhan MA, Andrianopoulos V, et 
al. An official systematic review of the 
European Respiratory Society/American 
Thoracic Society: measurement properties of 
field walking tests in chronic respiratory 
disease. Eur Respir J. 2014;44(6):1447-1478. 

21. Maltais F, LeBlanc P, Jobin J, Casaburi R. 
Peripheral muscle dysfunction in chronic 
obstructive pulmonary disease. Clin Chest 
Med. 2000;21(4):665-677. 

22. Kocur P, Deskur-Smielecka E, Wilk M, 
Dylewicz P. Effects of Nordic walking 
training on exercise capacity and fitness in 
men participating in early, short-term 
inpatient cardiac rehabilitation after an acute 
coronary syndrome. Clin Rehabil. 
2009;23(11):995-1004. 

23. van Eijkeren FJ, Reijmers RS, Kleinveld MJ, 
Minten A, Broenink LP, Bloem BR. Nordic 
walking improves mobility in Parkinson's 
disease. Mov Disord. 2008;23(15):2239-
2243. 

24. Schiffer T, Knicker A, Montanus-Henking C, 
Strüder HK. Effects of Nordic walking in 
chronic obstructive pulmonary disease. Int J 
Sports Med. 2006;27(12):1016-1020. 

25. Shrikrishna D, Patel M, Tanner RJ, et al. 
Quadriceps wasting and physical inactivity in 
patients with COPD. Eur Respir J. 
2012;40(5):1115-1122. 

26. Weldam SW, Schuurmans MJ, Liu R, 
Lammers JW. Evaluation of quality of life 
instruments for use in COPD care and 
research: a systematic review. Int J Nurs 
Stud. 2013;50(5):688-707. 

27. Roig M, Eng JJ, Road JD, Reid WD. Falls in 
patients with chronic obstructive pulmonary 
disease: a call for further research. Respir 
Med. 2009;103(9):1257-1269. 

28. Schwameder H, Roithner R, Müller E, 
Niessen W, Raschner C. Knee joint forces 
during downhill walking with hiking poles. J 
Sports Sci. 1999;17(12):969-978. 

29. Lopes LR, Tossini N, De Mattos LA, et al. 
Nordic walking versus conventional walking 
in patients with chronic obstructive 
pulmonary disease: a randomized controlled 
pilot trial. Int J COPD. 2020;15:2357-2368. 

30. Caminita F, Pitta F, Kang MJ, Choi AM. 
Telomere length and telomerase as markers 
of oxidative stress and inflammation in 
chronic obstructive pulmonary disease. 
Thorax. 2014;69(3):209-214. 



Page: 1 6 2   

Comparative Effect of Nordic Walking versus Normal Walking on Functional Exercise Capacity in Patients with 
Chronic Obstructive Pulmonary Disease: A Randomized Controlled Trial 

 

IJDDT, Volume 16 Issue 56s, 2026 
 

31. Burge PS, Calverley PM, Jones PW, Spencer 
S, Anderson JA, Maslen TK. Randomised, 
double blind, placebo controlled study of 
fluticasone propionate in patients with 
moderate to severe chronic obstructive 
pulmonary disease: the ISOLDE trial. BMJ. 
2000;320(7245):1297-1303. 

32. Guell R, Casan P, Belda J, et al. Long-term 
effects of outpatient rehabilitation of COPD. 
Chest. 2000;117(4):976-983. 

33. Man WD, Polkey MI, Donaldson N, Gray BJ, 
Moxham J. Community pulmonary 
rehabilitation after hospitalisation for acute 
exacerbations of chronic obstructive 
pulmonary disease: randomised controlled 
study. BMJ. 2004;329(7476):1209. 

34. McCarthy B, Casey D, Devane D, Murphy K, 
Murphy E, Lacasse Y. Pulmonary 
rehabilitation for chronic obstructive 
pulmonary disease. Cochrane Database Syst 
Rev. 2015;(2):CD003793. 

35. Ruvolo G, Macciò A, Pili R, et al. Effect of 
Nordic walking on exercise capacity, quality 
of life, and walking distance in a COPD 
patient: a case study. Monaldi Arch Chest 
Dis. 2019;89(3):1089. 


