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Abstract 

Background: The 6-minute walk test (6MWT) is commonly used to assess the level of functional 

ability in people with respiratory disease and in a variety of chronic cardiovascular disorders, but its 

reliability has been poorly investigated in patients with Parkinson’s disease (PD). The aim of this 

study was to assess the test-retest reliability of the 6MWT on a 20m x 3.5m circuit in patients with 

PD. Methods: Forty-two people with PD (men=27, women=15), mean age 66±9.61 years, participated. 

Each patient performed the 6MWT on 2 test days separated by 1 week, walking at a constant speed 

on a 20m x 3.5m circuit. Test-retest reliability was assessed using the intraclass correlation coefficient 

and the Student’s t-test was applied to determine whether there were statistically significant 

differences between the test and the retest. Results: The ICC values for the total sample were excellent 

(<0.90) in both men and women. In addition, they had similar reliability, although slightly higher in 

women. The results showed that, for the total sample, a smallest true difference (SRD) < 17% can be 

considered as a true change for this procedure. The standard error of measurement (SEM) percentage 

was 6.1. Conclusions: The 6MWT, performed on a circuit, is a reliable and valid tool for assessing 

walking performance and functional capacity in patients with PD. 

Keywords: functional capacity; 6-minute walk; Parkinson’s disease 

 

1. Introduction 

Parkinson’s disease (PD) is a multifactorial neurodegenerative disease that involves the 

progressive deterioration of voluntary motor control [1]. It is the second most common age-related 

neurodegenerative disorder worldwide, affecting approximately 3% of adults over the age of 65 [2]. 

The risk of developing this disease is twice as high in men as in women, although women have a 

higher mortality rate and a more rapid disease progression [3]. Impaired voluntary motor control 

results in signs and symptoms such as bradykinesia, postural instability, rigidity and resting tremor, 

which commonly occur along with gait problems, arm, leg and trunk stiffness, and poor balance [4]. 

These problems have a negative impact on functional ability and activities of daily living [5]. 

The 6-minute walk test (6MWT) assesses in an integrated manner the response of the 

cardiorespiratory, circulatory, muscular and blood systems that a person develops during exercise 

[6]. Functional integration is analysed by the maximum distance a person can cover on a flat surface 

for six minutes walking as fast as possible [7,8], and is widely used to assess exercise capacity in 

various diseases such as Silicosis [9], COPD [10], Type 2 Diabetes Mellitus [11], Asthma [12] and 
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Pulmonary Disease [13] due to its simplicity and low cost [14], as it is performed at the subject’s own 

pace and does not require prior training or specific equipment [15]. The 6MWT provides information 

on participants’ walking speed, cardiovascular fitness and endurance and correlates with aerobic 

fitness, functional capacity and morbidity and mortality [16]. It also provides information on how 

motor symptoms affect the performance of daily activities, which is crucial for adjusting treatments 

and formulating rehabilitation strategies [17]. Its simplicity and correlation with clinical outcomes 

make it a fundamental component in the evaluation and follow-up of patients with a wide variety of 

medical pathologies [18–20]. In addition, the 6MWT has been shown to be useful in clinical 

assessment and to guide rehabilitation treatment planning in patients with moderate PD [21]. 

However, it has been found that the 6MWT is commonly used to measure gait speed, as a 

measure of functional capacity, in people with gait limitations. Aunque el protocolo estándar de la 

6MWT recomienda un pasillo de 30 m [22], la literatura científica valida el uso de longitudes y 

recorridos alternativos [23,24]. The space limitation, which often exists in the clinical environment, 

creates the necessity of validating this test on other courses. Furthermore, the use of a square or 

rectangular circuit could increase the frequency of motor challenges, which is very important to 

assess in patients with Parkinson’s. Turning is a complex task that intensifies difficulties with 

dynamic balance and is a known precipitant of Freezing of Gait and the risk of falls. The objective of 

this study was to evaluate the absolute and relative reliability of the 6MWT on a 20m x 3.5m 

rectangular circuit in PD patients, thus allowing for the determination of its potential as an effective 

tool to evaluate their functional capacity and exercise endurance in this population. 

2. Materials and Methods 

The study was approved by the Bioethics Committee of the University of Extremadura data 

01/30/2023 (reference number: 120/2022). The authors assert that all procedures contributing to this 

work comply with the ethical standards of the relevant national and institutional committees on 

human experimentation and with the Helsinki Declaration of 1964, as revised in 2024. All participants 

signed the informed consent form. 

2.1. Sample Size 

Accepting an alpha risk of 0.05 and a power of 0.8 in a two-sided test, 7 subjects are necessary in 

the first group and 7 in the second group to recognize as statistically significant a difference greater 

than or equal to 98 units. The common standard deviation is assumed to be 89 and the correlation 

coefficient between the initial and the final measurement is assumed to be 0.8. A drop-out rate of 20% 

has been anticipated. The null and alternative hypotheses were established following the study by 

Walter et al. [25]. 

The Shapiro-Wilk test was conducted to assess the distribution of the data. Sample 

characterization was described using mean and standard deviation, together with the median and 

interquartile range. The Student’s t-test was applied to determine whether there were statistically 

significant differences between the test and retest, as well as between genders. The significance level 

was set at p < 0.05. 

2.2. Participants 

42 patients with PD (men= 27, women= 15), with a mean age of 66 years and an age range of 40-

81 years, and stage II was the most common stage observed on the Hoehn and Yahr Scale, voluntarily 

participated in the test-retest reliability study. Participants met the following inclusion criteria: (1) 

Aged ≥18 years, (2) Diagnosed by a neurologist as stage I-III based on the Hoehn and Yahr Scale [26], 

(3) No pathology contraindicating the physical exercise programme, for which the PAR-Q (Physical 

Activity Readiness Questionnaire) [27] was administered and (5) Signed informed consent for the 

study. During the study period, participants maintained their scheduled therapies and medications. 
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2.3. Procedure 

Participants performed the 6MWT in two sessions one week apart. Both tests were conducted at 

approximately the same time of day to minimise variability caused by daily fluctuations in physical 

performance. They walked at a constant speed for 6 minutes in a 20m x 3.5m circuit marked by four 

cones located at the ends; on reaching each cone the participant had to go around it and continue 

walking until they reached the next cone, and so on until the six minutes were up. At the end of the 

test, the total number of laps completed, plus the metres of the last lap, were added together (1 lap = 

47m). The test was carried out outdoors, on a flat surface, and participants were shown beforehand 

how to carry it out, by completing a full lap of the circuit from the starting point. During its 

development there were two evaluators to supervise the execution of the turns in the circuit and the 

test. 

2.4. Clinical Evaluation 

Sociodemographic. Participants completed a questionnaire focusing on age, gender, marital status, 

educational level, employment status, living arrangements, time of diagnosis of the disease, non-

pharmacological therapies, psychopharmacological medication and frequency of falls in the last 8 

weeks and last year. 

Self-perception of fitness. The International Fitness Scale (IFIS) was use [28]. This questionnaire 

assesses how participants perceive their general fitness, muscle strength, speed, cardiorespiratory 

fitness, agility and flexibility. 

Quality of Life. This was assessed using the Parkinson’s Disease Questionnaire PDQ-8. It is a 

summary index of 8 items present in the PDQ-39 that has been shown to be valid and reliable [29]. It 

covers the following areas: mobility, activities of daily living, emotional wellbeing, stigma, social 

support, cognition, communication and bodily discomfort. 

Fear of Falling. Participants completed the Falls Efficacy Scale International (FES-I) [30]. This is 

a questionnaire that measures the level of concern about falling in 16 social and physical activities. 

2.5. Statistical Analysis 

The Shapiro-Wilk test was conducted to assess the distribution of the data. Sample 

characterization was described using mean and standard deviation, together with the median and 

interquartile range. The Student’s t-test was applied to determine whether there were statistically 

significant differences between the test and retest, as well as between genders. The significance level 

was set at p < 0.05. 

Reliability was examined using both relative and absolute reliability measures. Relative 

reliability was assessed through the intra-class correlation coefficient (ICC3,1) [31]. ICC data were 

calculated using the following parameters: (1) Model: 2-way random effects; (2) Type: single rater 

and, (3) Definition: consistency [32]. The following classification was used for interpreting the ICC 

[33]: an ICC less than 0.5 corresponds to poor reliability, an ICC from 0.5 to 0.75 corresponds to 

moderate reliability, an ICC from 0.75 to 0.9 corresponds to good reliability, and an ICC greater than 

0.9 corresponds to excellent reliability. Absolute reliability was determined using the standard error 

of measurement (SEM) and the smallest real difference (SRD) [34]. The SEM was calculated with the 

formula SEM=SD· ICC−1 ; where SD is the mean SD of the two repetitions. The SRD formula was 

SRD= 1.96·SEM· 2 . This score was subsequently converted to a percentage. 

To assess the level of agreement between test and retest regarding distance of the 6MWT, a 

Bland-Altman analysis was performed. In these plots, the x-axis represents the mean of the test, and 

the y-axis shows the difference between the two measurements (A – B; A=test; B=retest). Bias and 95% 

limits of agreement (LOA) were calculated. Bias values close to zero represent strong agreement and 

the smaller range between these two LOA are interpreted as better agreement [35]. 
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3. Results 

Tables 1 and 2 include age, anthropometric measurements and socio-demographic 

characteristics, for the total sample and men’s and women’s sub-groups. 

Table 1. Characteristics of the study participants. 

 
Total  

(n= 42) 

Men 

(n= 27) 

Women  

(n= 15) 
p* 

Age (years) 66.4±9.61 66.8 (9.57) 65.7 (9.97) 0.72 

Height (m) 1.62±0.08 1.72 (6.46) 1.55 (8.14) 0.00* 

Weight (kg) 78.6±15.0 81.8 (11.7) 72.7 (18.5) 0.06 

Time since diagnosis (years) 7.58±5.18 7.61 (5.54) 7.53 (4.64) 0.96 

Quality of life PDQ-8 (score 0-32) 8.48±4.33 8.11 (4.14) 9.13 (4.73) 0.47 

Physical Fitness Self-Assessment IFIS (score 0-25) 13.3±3.16 13.6 (3.27) 12.8 (2.98) 0.42 

Fear of falling FES-I (score 16-64) 30.6±9.37 27.5 (8.73) 36.1 (8.08) 0.00* 

* Student’s t-test; p<0.05: statistical significance; cm: centimetres; m: metres; kg: kilograms. 

No significant differences were observed overall between the descriptive variables for the entire 

sample. There were also no significant differences between the subgroups of men and women in any 

of the variables studied, except for the variable height and fear of falling, where differences between 

men and women did exist. 

Table 2. Socio-demographic characteristics. 

 
Total  

(n= 42) 

Men 

(n= 27) 

Women  

(n= 15) 

Civil Status 

“Married” 71.4% 50% 21.4% 

“Single” 11.9% 7.1% 4.8% 

“Divorced” 11.9% 4.8% 7.1% 

“Widowed” 4.8% 2.4% 2.4% 

Level of Education 

“University” 14.3% 11.9% 2.4% 

“Baccalaureate” 19% 16.7% 2.4% 

“School graduate” 45.2% 23.8% 21.4% 

“No studies” 21.4% 11.9% 9.5% 

Employment Status 

“Active” 19% 14.3% 4.8% 

“Retired” 29% 50% 19% 

“Unemployed” 2.4% 0% 2.4% 

“Homemaker” 9.5% 0% 9,5% 

Family Status 

“Lives alone” 11.9% 4.8% 7.1% 

“Lives with partner” 64.3% 50% 14.3% 

“Living as a family” 4.8% 2.4% 2.4% 

“Others” 19% 71.1% 11.9% 

Stages of a disease 

(levels) 

I 31% 26.2% 4.8% 

II 54.8% 33.3% 21.4% 

III 14.3% 4.8% 9.5% 

Number of Falls 

“None” 61.9% 42.9% 19% 

“Occasionally” 21.4% 16.7% 4.8% 

“Less than once a 

week” 
14.3% 2.4% 11.9% 

“Once a day” 2.4% 2.4% 0% 

“More than once a day” 0% 0% 0% 

Psychopharmacological  “Yes” 71.4% 45.2% 26.2% 
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treatment “No” 28.6% 19% 9.5% 

Table 3 shows the descriptive data of the test and retest measures. Significant differences were 

observed for all participants regarding distance for 6MWT. In the men’s and women’s sub-groups, 

there were only significant differences for distance for 6MWT in men. 

Table 3. Summary of 6MWT (m). 

6MWT (m) 

 Day 1  Day 2  

Test measurement Mean (SD) Median (IR) Mean (SD) Median (IR) P 

All participants 436.92 (113.06) 447.65 (144.76) 459.83 (119.40) 470.55 (173.83) .004 

Men 470.72 (102.49) 494.50 (133.20) 499.44 (99.45) 516.60 (174.30) .007 

Women 376.08 (108.43) 406 (197.30) 388.55 (121.97) 410 (207.50) .300 

SD: Standard Deviation; IR: Interquartile Range. 

Table 4. shows relative reliability (ICC) and absolute reliability (SEM, SEM%, SRD, and SRD%). 

Total sample ICC values were excellent (>0.90) for all participants and men and women sub-groups. 

The ICC for the whole sample was 0.94, while the ICC for the men’s subgroup was 0.91 and the 

women’s subgroup 0.96.  Cronbach’s alpha was also obtained, the result being 0.95 for the whole 

sample (men’s sub-group 0.93 and women’s subgroup 0.96). 

SEM% was 6.1 for all participants; SRD%, however, was 17. In the men’s sub-group, SEM% was 

around 6.1% and SRD% was around 17%. In the women’s sub-group SEM% was around 6.0 and 

SRD% was around 16.7%. The ICC was slightly better for the women’s sub-group. 

The results obtained show that the 6MWT is sensitive in the Parkinson’s population, with a 

detection in the lower measurement error (SRD<17%). 

Table 4. Summary of 6MWT (m). 

Total (n=42) 6MWT (m) 

Assessed Action 
ICC  

(95% CI) 
SEM (m) SEM (%) SRD (m) SRD (%) 

6 MWT (m) 
0.944  

(0.897-0.970) 
27.50 6.1 76.22 17 

Men (n=27) 
0.913 

(0.810-0.960) 
29.78 6.1 82.55 17 

Women (n=15) 
0.960 

(0.885-0.987) 
23.04 6.0 63.86 16.7 
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Figure 1. The Bland–Altman plots of the 6MWT. These plots indicate that the points outside the 95% LOA are 

less than 7.5%. 

4. Discussion 

The 6MWT has proven to be a cornerstone in functional assessment across various pathologies 

[36] and our findings confirm its applicability and excellent test-retest reliability in PD patients. The 

low SRD (≤17%) for the total sample indicates that a change in distance covered exceeding this 

percentage can be considered a true functional change, which is crucial for monitoring disease 

progression or the impact of therapeutic interventions in clinical practice. The comparable reliability 

between men and women further strengthens its universality within the PD population. 

The excellent test-retest reliability obtained is particularly significant given that the test was 

conducted on a 20m × 3.5 m circuit. This design requires a substantially greater number of 180º turns 

than the standard protocol (≥30 m), which imposes a high motor and balance demand. In PD, the 

turning movement is a known precipitant of bradykinesia, difficulty in initiating movement, and 

freezing of gait, factors that typically increase intra-subject variability. However, the high ICC 

suggests that, even under this increased demand, the walking performance was highly reproducible. 

This supports the use of shorter circuits not only for evaluating aerobic endurance but also as an 

ecological and functional challenge that more faithfully simulates the mobility demands in restricted 

home and community environments, which is fundamental for fall prediction. 

The mean distance covered in our study is consistent with the existing literature, approaching 

the values reported by Falvo and Earhart (391.6±99.9 m) in mild to moderate PD [37] and those by 

Kobayashi et al. (340.8±110.9 m) in moderate PD [21]. These studies, like ours, confirm the construct 

validity of the 6MWT as a measure of aerobic endurance and its association with key variables such 

as balance, fall predisposition, and gait efficiency (correlation with TUG and energy cost) [38]. The 

variability observed in the individual results can be attributed, in addition to the clinical variables 

specific to PD (age, gender, disease stage) [39], to non-motor factors, such as the participants’ level of 

prior physical activity and their psychological state [23]. 

Despite the solidity of the findings, this study presents certain limitations. The inclusion of 

subjects exclusively in Hoehn and Yahr stages I–III requires caution when extrapolating the results 

to patients with more severe involvement. Furthermore, this investigation did not analyze the effect 

of medication on 6MWT performance. Therefore, future research should take these limitations into 

account. It would be of interest to conduct longitudinal studies to determine the evolution of 

functional capacity and the impact of interventions. Likewise, it is recommended to incorporate 
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complementary measures during the test, such as oxygen consumption and heart rate. We believe 

this would provide a more complete picture of functional performance and the physiological 

response to exercise in patients with PD. 

5. Conclusions 

The 6MWT, performed on a 20×3.5 m rectangular circuit, demonstrated excellent test-retest 

reliability in patients with PD. This confirms its validity as an effective and reproducible tool for 

evaluating functional capacity and exercise endurance in this population. 
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