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Abstract

Background—Peripheral artery disease (PAD) is a highly prevalent disease that impairs walking 

ability. Walking tests, such as the 6-minute walk test (6MWT) and 4-meter walk test, are 

commonly used to assess exercise endurance and ambulatory function over a short distance, 

respectively. The 6MWT performance is predictive of PAD severity and disease outcomes, but it is 

not feasible in many clinical settings because it requires a long walkway to serve as the test route 

and it lengthens clinic visits. As an alternative, the 4-meter walk test is convenient, inexpensive 

and repeatable, but it is not known if it accurately predicts endurance performance in the long-

distance 6MWT.

Objective—To develop a statistical model to predict 6MWT gait speed given 4-meter walk test 

results and clinical characteristics among patients with PAD.

Methods—6MWT gait speed measures were derived from 183 patients with symptomatic PAD 

who were evaluated at the University of Oklahoma Health Sciences Center (2004–2012). The 

testing procedures and research personnel remained constant throughout the duration of the study. 

Independent variables included demographic and clinical information, and 4-meter walk test gait 

speed. Five-fold cross validation and manual backward selection were used for model selection. 

Adjusted-R2 and corrected Akaike information criterion were applied to quantify the predictive 

performance of the regression models.

Results—A total of 183 people (mean age 65 ± standard deviation 10 years, 54% male) with 

moderate PAD severity (ankle/brachial index: 0.72±0.24) performed the walking tests. On average, 

participants covered 335 meters (m) (standard deviation=97 m) distance in the 6MWT. The 4-

meter walk gait speed, ankle/brachial index (ABI) and dyspnea were independent predictors of 

6MWT speed in the multivariate model(adjusted-R2 = 0.55). The model resulted in 95% 
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prediction interval widths of 30 m for mean and 260 m for individual predicted 6MWT distance 

measures.

Conclusions—Slower 4-meter walking speed, lower ABI and presence of dyspnea all predict 

slower 6MWT gait speed, which corresponds to shorter 6MWT distance. Prediction of group 

means is reasonably precise; however, prediction of individual patient 6MWT performance is 

imprecise relative to between-group differences that are clinically important.
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INTRODUCTION

Peripheral artery disease (PAD) is a highly prevalent medical condition that affects more 

than 202 million adults worldwide.1 Approximately 20% of people over 70 years of age and 

50% of people over 85 years of age suffer from this disease. With a growing aging 

population, the prevalence of PAD is likely to increase even further.2

PAD impairs walking/exercise ability, as well as life quality. In clinical settings, the 6-

minute walk test (6MWT) is a common and direct way to measure exercise capacity. Shorter 

6MWT distance is associated with advanced age, chronic obstructive pulmonary disease 

(COPD), cardiovascular disease events and neuromuscular disease.3–5 For patients with 

PAD, the 6MWT distance is a reliable measure, with an intraclass correlation coefficient 

(ICC) of 0.94.6 Poorer 6MWT performance is associated with worse clinical outcomes, such 

as impaired vascular reactivity, higher risk of ischemic heart disease events and lower level 

of physical activity among patients with PAD.6, 7, 9–13 The 6MWT is also used to evaluate 

the improvement in ambulation among individuals with PAD who participate in exercise-

based intervention programs.14, 15 In addition, it has received a Class IIb Recommendation 

to provide an objective assessment of the functional limitation of claudication and response 

therapy.8 However, the 6MWT is not feasible in many clinical settings because it requires a 

long walkway to serve as the test route, and it lengthens clinic visits.

An assessment with a relatively short distance test, the 4-meter walk test, is widely used to 

measure gait speed.16 Furthermore, gait speed is clinically relevant because it is associated 

with subsequent morbidity, such as increased risk of disability, hospitalization, and long-

term care placement,17, 18 and it is a predictor of all-cause mortality.19 Gait speed is 

typically the primary outcome measure from this test, while stride length and cadence are 

additional measures. Slower 4-meter walk test gait speed is associated with worse PAD 

severity,13, 20–23 and stride length and cadence are also lower in participants with PAD 

compared with non-PAD controls.23 The 4-meter walk test holds advantages over 

conventional exercise tests in that it does not require large space, special equipment, nor a 

long visit time.

Given that the 4-meter walk test is reliable, feasible, and less cumbersome to perform than 

the 6MWT, the current study aimed to develop a statistical model to predict 6MWT 

performance using 4-meter walk gait parameters and patient characteristics. Performing a 4-
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meter walk test to predict 6MWT performance can efficiently give clinicians both a direct 

measurement of ambulation and an estimate of patients’ walking endurance during more 

prolonged exercise.

METHODS

Participants

The current study is nested in a larger research program, which investigated the impact of 

home- and clinic-based exercise programs on PAD.14, 24 Baseline data from the exercise 

program were utilized in the current project. Participants were recruited from vascular and 

primary care clinics from the University of Oklahoma Health Sciences Center (OUHSC), 

and the Oklahoma City Veterans Affairs Medical Center. The Institutional Review Board at 

the OUHSC approved the design and the procedures of the study. Written informed consent 

was obtained from each individual prior to initial participation.

Medical Examination

Patients were evaluated at the Exercise Physiology Laboratory at the OUHSC. Patients 

arrived in the morning having fasted but were permitted to take their usual medications. At 

the beginning of the visit, participants were evaluated with a medical history and physical 

examination in which demographic information, height, weight, cardiovascular risk factors, 

comorbid conditions, claudication history, ABI, blood samples, and a list of current 

medications were obtained.

Inclusion and Exclusion Criteria

Patients with symptomatic PAD were included in this study if they met the following 

criteria:25 (a) a history of ambulatory leg pain, (b) ambulatory leg pain confirmed by 

treadmill exercise, and (c) an ABI ≤ 0.9 at rest or ≤ 0.73 after exercise.26, 27 Patients were 

excluded for the following conditions: (a) absence of PAD (ABI > 0.90 at rest and ABI > 

0.73 after exercise), (b) non-compressible vessels (ABI ≥ 1.40), (c) asymptomatic PAD, (d) 

use of medications indicated for the treatment of claudication (cilostazol or pentoxifylline) 

initiated within three months prior to investigation, (e) exercise limited by other diseases or 

conditions, (f) active cancer, (g) stage 5 chronic kidney disease, (h) abnormal liver function, 

or (i) failure to complete the 6MWT or the 4-meter walk test. A total 183 patients met the 

eligibility criteria and were included in the analyses.

Primary Measures

To model the association between the 6MWT and 4-meter walk test, we use the average gait 

speed in the 6MWT as the dependent variable and gait speed in 4-meter walk test as the 

primary independent variable. The 6MWT gait speed is linearly associated with the 6MWT 

distance and it represents the 6MWT performance.

6-Minute Walk Test

The 6MWT was administered based on a published protocol6 by trained exercise 

technicians. Participants were instructed to cover as much distance as possible and walk up 
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and down a 100-foot hallway for up to 6 minutes. Participants were instructed to walk for 

the full 6 minutes of the test, but were allowed to take breaks if necessary. Patients were 

allowed to use an assistive device during both of the walking test if they so desired. The 

technician stood in the middle of the course and periodically encouraged the participant 

during the walking test. The total distance walked in the test was recorded, and the 6MWT 

gait speed was then calculated by

(1)

4-Meter Walk Test

The protocol of the 4-meter walk test was implemented as previously published.22, 28 

Patients stood 1–2 feet behind the starting line and were told to walk at their usual speed. 

The timing started when the first foot crossed the start line and ended when one foot crossed 

the end line that indicated the 4-meter distance. The total time was recorded. In our study, 

steps were also recorded as the number of foot falls within the 4-meter course. Then three 

parameters, gait speed, cadence, and stride length were calculated. Stride length was defined 

by the distance the patient covered per stride (gait cycle), where one stride consists of one 

left step and one right step. Cadence was defined by the number of strides walked per unit 

time. The equations below illustrated the calculation of the 4-meter walk gait speed 

(equation 2) and the association between gait speed, cadence and stride length (equation 3).

(2)

(3)

To evaluate the reliability of the 4-meter walk test, 24 participants were asked to repeat the 

test. The test-retest reliability was high for gait speed (ICC = 0.91; 95%CI: 0.80, 0.96), and 

stride length (ICC = 0.91; 95%CI: 0.80, 0.96), but was moderate for cadence (ICC = 0.66; 

95%CI: 0.35, 0.84).

Statistical Analysis

All statistical analyses were conducted with SAS software (SAS System for Windows, 

version 9.4, SAS Institute Inc., Cary, NC, USA). Simple linear regression was used to 

perform univariate analysis and identify factors associated with the outcome measure, 

6MWT gait speed. Covariates included in the multivariate model were selected from 

univariate analyses at a 0.1 alpha level. Confounding was addressed by retaining in the 

model any covariate that resulted in at least a 10% change in the coefficient for the 4-meter 

walk test upon deletion from the model. The variance inflation factor was used to assess 
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collinearity with a threshold of 10 indicating the presence of collinearity.29 Five-fold cross-

validation was used to select the model with the best fit. Manual backward selection was 

also performed. Two-way interactions between 4-meter gait speed and other covariates were 

considered. The assumptions of the linear regression model were checked by residual 

diagnostics. Predictive ability of the model was quantified using an adjusted-R2 and 

corrected Akaike information criterion (AICc). When the sample size (n) is relatively small 

compared with the number of parameters (p) in the global model (n/p < 40), AICc is 

preferable over Akaike information criterion (AIC).30 AICc was manually calculated using 

the formula below:

(4)

where n is the sample size and the p is the number of parameters in the model.30, 31

Two modeling approaches were used in this study. In the first approach, gait speed in the 4-

meter walk test was treated as the primary independent variable. In the second approach, 

cadence, stride length and the interaction term (cadence × stride length), which equals the 

gait speed, took the place of the 4-meter gait speed in the first modeling approach. The 

second approach was based on the hypothesis that the variability in cadence and stride 

length may individually contribute a significant impact on the decline in walking ability 

among individuals with PAD. To assess the estimation precision, the final model was used to 

predict gait speed and distance using a range of independent variable values based on the 1st 

and 3rd quartiles of 4-meter walk gait speed and ABI, as well as the absence/presence of 

dyspnea for 8 hypothetical observations. The point estimate, 95% confidence limits of the 

means (CLM) and 95% individual prediction intervals (PI) of 6MWT gait speed and 

distance were computed. The predicted 6MWT distance was derived by formula (equation 

1), which was the product of the 6MWT gait speed (m/sec) and 360 (secs).

RESULTS

Baseline Clinical Characteristics

Table 1 summarizes the demographic and clinical characteristics of the study participants. 

The average age was 65 years (standard deviation [SD]=10) with a range of 40 to 85 years, 

and 54% of them were male. Almost half (43%) of the people were obese. Study participants 

had moderately severe PAD with a mean ABI of 0.72 (SD=0.24). Approximately 95% of 

people reported that they experienced intermittent claudication(IC) in daily life. The mean 4-

meter gait speed and 6MWT gait speed were both close to 1 meter/second. On average, 

participants covered 335 m (SD=97 m) in the 6MWT.

Univariate Analysis

The univariate analyses were based on non-missing observations for each variable. The 

results of univariate analyses are provided in Table 2. At the 0.05 alpha level, independent 

variables that were associated with 6MWT gait speed were 4-meter walk gait speed, cadence 

and stride length, height, ABI, sex, number of legs with IC, dyspnea, diabetes and chronic 
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kidney disease. Other factors identified at the 0.1 alpha level, for inclusion in the 

multivariate model, included BMI, obesity, COPD and cancer. As shown in Figure 1, the 

spline curve demonstrates a linear association between 4-meter walk gait speed and 6MWT 

gait speed.

Multivariate Analysis

All of the univariate variables with a P ≤ .10 identified in simple linear regression analysis 

were included in the multivariate analysis. Although both BMI and obesity (BMI>30 kg/m2) 

were evaluated in the univariate analysis, only BMI was retained in the model as a 

continuous measure.

Using non-missing observations, the first approach, focused on 4-meter walk gait speed, 

included 182 people and the second approach, focused on the components of stride length 

and cadence, included 180 people. In both modeling approaches, no significant interactions 

between 4-meter measures and other covariates were found. No significant collinearity was 

found in either of the full models. A parsimonious model without interaction terms was 

selected in each approach. To make the formal comparison between the models selected 

from each approach, the common sample with 180 observations was used to refit the model 

selected from the first approach. The first model had an adjusted-R2 of 0.55 and AICc of 

−618, and the second model had an adjusted-R2 of 0.55 and AICc of −609. Since the first 

model (Table 3) was more parsimonious and showed a higher predictive ability, it was then 

selected as the final model to predict 6MWT gait speed, and it can be expressed as:

(5)

The covariates included in the final model were 4-meter gait speed, ABI and dyspnea. This 

model explained 55% variance of 6MWT gait speed. Slower 4-meter walking speed, lower 

ABI and presence of dyspnea predicted slower 6MWT gait speed, which corresponded to 

shorter 6MWT distance.

Prediction of 6MWT Performance for Hypothetical New Observations

To better assess the precision in predicting 6MWT performance, the final model was applied 

to a set of new hypothetical observations. We constructed 8 hypothetical new observations, 

which were derived from the combination of the 1st and the 3rd quartiles of continuous 

variables (4-meter gait speed and ABI) of the study sample, and absence/presence of 

dyspnea. Table 4 lists the predicted 6MWT gait speed and distance for each hypothetical 

observation. The interval width of 95% CLM was approximately 30m and the interval width 

of 95% PI was approximately 260m for 6MWT distance.
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DISCUSSION

The 6MWT distance is a reliable measure to estimate walking endurance among patients 

with PAD. This is the first study to propose modeling the 6MWT performance (6MWT gait 

speed) by the 4-meter walk test parameters and clinical characteristics among patients with 

PAD. The independent predictors of 6MWT performance were 4-meter gait speed, ABI and 

dyspnea history.

Independent Predictors of 6MWT Performance

The current model revealed that 4-meter walk gait speed, ABI, and dyspnea were 

independent predictors of 6MWT performance for patients with PAD. These results support 

a previous study from our laboratory,6 and extend these findings by quantifying the 

association between the 6MWT performance and independent variables in a multivariate 

model. After adjusting for other factors in the model, for every 0.1 m/sec increase in the 4-

meter walk gait speed, 6MWT gait speed is expected to increase 0.063 m/sec (95% CI: 

0.055, 0.073 m/sec), which corresponds to 22.7 m (95% CI: 19.8, 26.3 m) in 6MWT 

distance. For every 0.1 unit increase in ABI, 6MWT gait speed is expected to increase 0.02 

m/sec (95% CI: 0.008, 0.031 m/sec), which corresponds to 7.2 m (95% CI: 2.9, 11.2 m) in 

6MWT distance. Having dyspnea in the final model indicates that respiratory function is 

another factor determining performance in long-distance walking for the PAD population.

Modeling the individual components, 4-meter cadence and stride length, did not improve the 

model predictive performance. Although age is considered an important factor associated 

with 6MWT performance,32 it was not significant in our model. For the PAD population, the 

association between age and 6MWT performance is not consistent, as age is negatively 

associated with 6MWT distance in one previous study,10 but not in another.6 This 

discrepancy might be due to the latter study only enrolling symptomatic patients, whereas 

the former study primarily enrolled asymptomatic patients.

To the best of our knowledge, no studies have reported a model to predict 6MWT 

performance among patients with PAD. In previous published models targeting healthy 

populations, age and anthropometric measurements were commonly reported as independent 

predictors. However, non-significant associations between anthropometrics and 6MWT 

performance were found in our multivariate analysis. Previous studies also reported that 

among patients with PAD, weight and BMI were not associated with 6MWT distance.6, 33 It 

is possible that among patients with PAD, body composition may be less important for 

walking performance than in those without PAD, primarily because PAD patients are limited 

by their poor leg perfusion. Further study on what is the role of anthropometrics on walking 

capacity of PAD patients may be established to understand this phenomenon. The approach 

using 4-meter gait speed to predict 6MWT performance was supported by previous 

publications, which showed physical function measures (balance test, 4-meter walk gait 

speed and grip strength) were strongly associated with 6MWT distance in healthy elderly 

people.34, 35 Although log-linear models and quadratic models outperformed multiple linear 

regression in some previous studies, when using age and anthropometrics as the 

predictors,36, 37 these techniques were not advantageous in our study due to the obvious 

linear relationship between 4-meter gait speed and 6MWT gait speed (Figure 1).
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Model Precision of Predicting 6MWT Performance

When applying the final model to the new hypothetical observations, the width of 95% CLM 

of 6MWT distance was approximately 30 m. From a research perspective, prediction of the 

mean value would be of interest, for example, when identifying factors at a population level 

that are associated with better endurance among patients with PAD. Compared with the 

average distance (335 m), the model had acceptable precision in predicting the mean of our 

sample. However, our prediction interval of hypothetical observations for a randomly chosen 

patient had a width of approximately 260m. It is important to note that the 95% PI not only 

considers the uncertainty in estimating the mean but also accounts for the deviation of the 

dependent variable from the mean.38 To better interpret this broad prediction interval, a 

previous study found that the mean difference in 6MWT distance in non-PAD controls 

compared to patients with moderate and severe PAD was 101m and 179 m, respectively, 

after adjustment for age.39 The 260 m width of the 95% PI in the current study exceeds both 

of these estimated between-group differences in 6MWT distance. While, the proposed 

regression model does not have sufficient precision to predict the individual 6MWT 

performance relative to these reported differences between PAD and non-PAD groups, it is 

important to note that the regression model did account for 55% of the variation in 6MWT 

performance. Based on the raw 6MWT measures, a 95% central range width is 380m 

compared to the tighter interval width of 260m based on the predicted model. Precision of 

the predicted 6MWT measures is improved using our model, but prediction remains a 

challenge given the high amount of variation in the raw measures.

Limitations

Several limitations exist in this study. First, the sample size was relatively small compared to 

the total of twelve independent variables in the global model. Therefore, the sample size is 

not sufficient to identify potential interactions between 4-meter parameters and other 

covariates, nor can the model be sufficiently validated. Future study with an independent 

group of patients is needed to validate the model. The second limitation relates to potential 

selection bias. It is possible that the patients who volunteered for the study are healthier and 

more motivated than patients with claudication who did not volunteer. Third, the cross-

sectional study design cannot account for the cumulative effects of having PAD and 

comorbid conditions on the outcome measures. In future studies, using a longitudinal cohort 

design with prospective follow-up of patients who initially did not have extensive disease 

may address the concerns regarding selection bias and would also potentially enhance model 

prediction. In addition, we did not quantify the usage of medicine, such as NSAIDS, which 

may have potential effect on walking performance. Finally, our results are generalizable to 

symptomatic patients with PAD, but may not be generalizable to a broader clinical 

population of patients with PAD who are asymptomatic.

Conclusion

Clinicians can perform a 4-meter walk test to obtain a direct and meaningful measurement 

of ambulation, and utilize the statistical model to estimate walking endurance during more 

prolonged exercise in an efficient manner. Slower 4-meter walking speed, lower ABI and 

presence of dyspnea all predict slower 6MWT gait speed, which corresponds to shorter 
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6MWT distance. Prediction of group means is reasonably precise; however, prediction of 

individual patient 6MWT performance is relatively imprecise compared to between-group 

differences. There is potential room for improvement in the precision of the model 

prediction of 6MWT gait speed.
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Figure 1. 
Spline curve demonstrating a linear association between 4-meter walk gait speed and 6-

minute walk test (6MWT) gait speed.
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Table 1

Summary of demographic and clinical characteristics (N=183).

Variable

Mean SD

Age (years) 65 10

Height (cm)* 169.30 9.00

Weight (kg) 84.40 19.30

BMI (kg/m2)* 29.40 6.50

ABI 0.72 0.24

4-Meter Gait Speed (m/sec) 1.00 0.30

4-Meter Cadence (strides/sec)** 0.90 0.10

4-Meter Stride Length (m/stride)** 1.20 0.30

6MWT Total Distance (m) 335 97

6MWT Total Gait Speed (m/sec) 0.90 0.30

N %

Sex (Male) 100 54

Race (Caucasian) 114 62

Ever Smoking* 165 91

Obesity (BMI >30 kg/m2) 79 43

Coronary Artery Disease 64 35

Cerebral Vascular Disease 31 17

Kidney Disease 42 23

Dyslipidemia 161 88

COPD 47 26

Dyspnea 107 58

Diabetes 62 34

Cancer 26 14

Arthritis 107 58

Hypertension 146 80

Congestive Heart Failure 16 9

IC 173 95

Both Legs with IC 117 64

*
number missing n=1

**
number missing n=2

SD = standard deviation,

ABI = ankle/brachial index,

BMI = body mass index,

6MWT = 6-minute walk test,
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COPD = chronic obstructive pulmonary disease,

IC = intermittent claudication.
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Table 2

Summary of univariate analysis. Estimates are reported as the linear regression coefficient for each variable in 

predicting the outcome measure 6MWT total gait speed, the 95% confidence interval (CI), and the p-value.

Variable Coefficient 95% CI P-value

Age (years) −0.003 (−0.007,0.0008) 0.12

Height (cm) 0.009 (0.005,0.13) <0.0001

Weight (kg) −0.00011 (−0.0022,0.002) 0.91

Obesity (BMI≥30 kg/m2 vs. <30 kg/m2) −0.077 (−0.012,0.0005) 0.056

BMI (kg/m2) −0.0056 (−0.01,0.0005) 0.07

ABI 0.3 (0.14,0.5) 0.0003

Sex (Male vs. Female) 0.14 (0.07,0.22) 0.0002

Race (Caucasian vs. Non-Caucasian) 0.032 (−0.049,0.11) 0.44

Smoking (Ever vs. Never) −0.042 (−0.18,0.094) 0.54

Number of Leg(s) with IC −0.09 (−0.16, −0.026) 0.0065

Co-morbid Conditions (Present vs. Absent)

 IC −0.071 (−0.24,0.1) 0.42

 Dyslipidemia 0.068 (−0.053,0.19) 0.27

 COPD −0.085 (−0.17,0.004) 0.062

 Dyspnea −0.12 (−0.2, −0.05) 0.0019

 Diabetes −0.096 (−0.18, −0.01) 0.022

 Cancer 0.095 (−0.02,0.21) 0.09

 Arthritis −0.049 (−0.13,0.03) 0.22

 Hypertension −0.035 (−0.13,0.06) 0.48

 Congestive Heart Failure 0.028 (−0.11,0.17) 0.69

 Coronary Artery Disease −0.052 (−0.13,0.03) 0.21

 Cerebral Vascular Disease −0.051 (−0.15,0.05) 0.34

 Chronic Kidney Disease −0.1 (−0.19, −0.0004) 0.049

4-Meter Gait Speed (M/Sec) 0.67 (0.58,0.77) <0.0001

4-Meter Cadence (Strides/Min) 1.24 (0.97,1.52) <0.0001

4-Meter Stride Length (M/Stride) 0.63 (0.51,0.75) <0.0001

ABI = ankle/brachial index,

BMI = body mass index,

6MWT = 6-minute walk test,

COPD = chronic obstructive pulmonary disease,

IC = intermittent claudication.
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Table 3

Final estimated linear regression model. Estimates are reported as the linear regression coefficient for each 

term in multivariate model predicting the outcome measure 6MWT total gait speed, the 95% confidence 

interval (CI), and the p-value.

Term Coefficient 95%CI P-value VIF

Intercept 0.18 (0.05,0.31) 0.006

4-Meter Gait Speed (m/sec) 0.63 (0.54,0.73) <.0001 1.04

ABI 0.2 (0.08,0.31) 0.0007 1.01

Dyspnea −0.06 (−0.11, −0.001) 0.047 1.03

6MWT = 6-minute walk test, ABI = ankle/brachial index, VIF = Variance inflation factor
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