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Six-minute walk test in pulmonary arterial hypertension
Rengin Demir, Mehmet Serdar Küçükoğlu
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ABSTRACT
Exercise intolerance is the main characteristic of pulmonary arterial hypertension (PAH). The six-minute walk test (6MWT) and cardiopulmonary exercise test are widely used in assessing exercise capacity of PAH patients. Six-minute walk distance (6MWD) has been specified as the
main clinical outcome in PAH and has been used as the primary end-point in many studies conducted for new PAH treatments. Using 6MWD
as the end-point in clinical studies has many advantages. 6MWT is an inexpensive, easily applicable, and repeatable standardized test that is
well-tolerated by PAH patients. Moreover, it is a valid measure of symptomatic improvement. It is correlated with variables of maximal cardiopulmonary exercise test as a measure of submaximal exercise capacity and disease severity markers such as functional class and pulmonary
hemodynamics. It is widely used in clinical practice together with other invasive and non-invasive disease markers in assessing disease progression and response to treatment. In addition, it has prognostic importance and is a good prognostic marker. On the other hand, there are
limitations to the use of 6MWD as the primary end-point in PAH treatment. It has decreased sensitivity in individuals with less severe disease
and high 6MWD at baseline and decreased adequacy in assessing the effects of treatment in patients who are still under PAH treatment.
Despite the limitations, 6MWD plays a key role in the evaluation and management of PAH patients. (Anatol J Cardiol 2015; 15: 249-54)
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Introduction
Pulmonary arterial hypertension (PAH) is a rarely encountered disease that is characterized by a progressive increase
in pulmonary vascular resistance and arterial pressure, leading to right heart failure and premature death (1-3). Exercise
intolerance is the main characteristic of pulmonary hypertension. Determination of exercise capacity has an important role
in the evaluation of patients. Exercise capacity measured by
six-minute walk distance (6MWD) and hemodynamic parameters such as right atrium pressure gender, and cardiac output
were observed to be the significant markers of survival in the
French Registry (4). Exercise tests commonly used for evaluation include the six-minute walk test (6MWT), standard treadmill exercise test performed using low-intensity exercise protocol, cardiopulmonary exercise test (CPET) performed by
gas-exchange measurement, exercise test performed simultaneously with Doppler echocardiography, and exercise test
performed simultaneously with right heart catheterization.
These tests assess different physiological parameters. 6MWT

and CPET are the most frequently used tests in clinical practice (3, 5, 6).
6MWT is an inexpensive and simple test, technically easy to
apply, repeatable, convenient to use in large patient groups,
reflects daily living activities better than laboratory tests, and is
well-tolerated by patients (7, 8). However, it has disadvantages
such as its dependency on patient effort and unavailability to
measure gas exchange and ventilation efficacy (8). 6MWT is
influenced by many factors including age, height, weight, gender, ethnicity, comorbid conditions, supplemental O2 use, encouragement level, corridor length used for testing, learning effect,
and mood (9, 10). In 2002, the American Thoracic Society published a guideline on the standardization of 6MWT. According to
this guideline, the patient rests for at least 10 min prior to 6MWT,
and the dose and timing of medications that the patient has
been receiving are recorded. Heart rate, blood pressure, and
oxygen saturation (SO2) are measured, and level of tiredness
and dyspnea are determined according to the Borg scale both
before and after the test. Resting period, if any, and the reason
and other symptoms are recorded at the end of the test. 6MWD
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is determined, and the percent of predicted value is calculated
(10). According to the guidelines of the European Society of
Cardiology and European Respiratory Society (ESC/ERS) published in 2009, 6MWT should be performed at baseline and
repeated 3-4 months after the beginning or modification of treatment and when the clinical condition worsens; in addition, regular monitoring should be performed every 3-6 months in stable
patients (11).
6MWT is used to determine functional exercise capacity,
assess treatment efficacy, predict prognosis, and establish rehabilitation programs in PAH patients.
In this review, we will be dealing with the role of 6MWD in
the determination of functional exercise capacity, treatment
assessment, and prognostic evaluation.
Functional capacity, disease severity, and six-minute walk
test
Functional capacity is substantially restricted in PAH
patients. Distance covered in 6MWT significantly decreased in
proportion to the severity of New York Heart Association functional class (FC). Data obtained from registry studies performed
in France, United States, China, and Spain demonstrated that the
mean 6MWD of PAH patients is between 329 and 378 m, with
higher values in patients with FC I-II (12). Besides, the French
registry reported that 6MWD varied between 36% and 68% of
the predicted distance in PAH patients and showed that patients
with FC III and IV had significantly lower 6MWD compared with
patients in FC I-II. (13). Similar results were reported in different
studies (14, 15). In a study from Turkey, the mean 6MWD was
found to be 184 m with the highest values (201 m) observed in the
patient group with PAH associated with congenital heart disease and the lowest value (159 m) observed in the patient group
in PAH associated with connective tissue diseases (16). In
another study, Güngör et al. (17) reported that mean 6MWD was
347 m in patients with Eisenmenger syndrome.
Response to treatment and six-minute walk test
Treatment options for PAH patients have significantly
improved in the last 20 years in line with the approval of effective
PAH-specific drugs (7, 18). All currently available oral therapies
for the treatment of PAH have been approved based on 6MWD
changes in a 12–16-week study period. At the end of approximately 12-week treatment period, significant improvement was
reported in 6MWD, changing between 10 and 84 m (3%-21%)
with three groups of drugs-prostacyclins, endothelin receptor
antagonists, and phosphodiesterase inhibitors-used in the treatment of PAH (19).
6MWT has been used as the primary end-point in all placebo-controlled studies on PAH since the earliest intravenous
epoprostenol study conducted 20 years ago and that had been
the basis for the approval of currently available medical therapies. In the majority of those studies, secondary measurements
such as pulmonary hemodynamic parameters, cardiac markers,
quality of life parameters, and clinical worsening were evaluat-
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ed, and the relation between exercise capacity improvement
and other clinically relevant parameters was found to be variable (7, 15, 20-31). Whereas some studies found that the increase
in 6MWD is in line with the improvement in hemodynamic
parameters (20, 23, 25-28, 30, 31), others failed to demonstrate
such a relation (21, 29). On the other hand, Savarese et al. (32) in
their meta-analysis comprising 12 studies, reported a significant
inverse correlation between the changes in 6MWD and pulmonary vascular resistance (r=-0.63, p=0.009).
Degano et al. (14), with treatment, reported a significant
improvement in the WHO functional class and hemodynamic
parameters in PAH patients with 6MWD over 450 m without a
significant change in 6MWD. Researchers concluded that hemodynamic parameters and functional class are more sensitive
than 6MWD in determining the changes secondary to PAHspecific treatment in patients with a 6MWD over 450 m (14).
Recent phase III studies performed in the last 5 years for
PAH-specific new drugs such as macitentan, selexipag, riociguat, and imatinib showed similar improvements in 6MWD
(33). An average 24.7 m increase from baseline in 6MWD in
patients receiving selexipag was insignificant when compared
with placebo (34). It was observed that 12-week riociguat therapy (PATENT-1 study) was well-tolerated and provided a significant increase by 36 m in 6MWD (35). In the Phase III IMPRES
study, imatinib, which was used as an additional therapy, provided a significant increase (32 m) in exercise capacity in PAH
patients but had no benefit in terms of functional class, time to
clinical worsening, and mortality (36).
Because disease progression may change among patients,
target values and treatment goals must be tailored (37). The new
therapeutic goal for 6MWD in PAH patients has been accepted
to be 380-440 m. Although a 6MWD over 400 m is an acceptable
value for many PAH patients, it was reported that this may not be
adequate in young patients (7). Younger patients may mostly
walk a distance over 500 m despite severe PAH (37). It has been
suggested that the predicted percent may better reflect the
appropriate treatment goal for some patients. Treatment goals
for scleroderma patients, which is one of the subgroups of PAH,
have not been defined clearly. Functional targets such as 6MWD
may not be reliable for such patients because of the systemic
nature of scleroderma. It was reported that results are better for
PAH patients with systemic lupus erythematous in comparison
to PAH patients with scleroderma (7).
Prognosis and six-minute walk test
Studies have revealed that 6MWD is also an independent
determinant of survival (37); it was concluded that a low 6MWD
is associated with an increased risk for survival and that a high
6MWD is associated with a low risk for survival (4, 12, 38).
According to the latest ESC/ERS guidelines, a 6 MWD over 500
m indicates good prognosis, whereas a 6MWD less than 300 m
indicates poor prognosis (11).
There are three 6MWD parameters, of which the relation
with post-treatment outcomes has been evaluated in PAH
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patients: 1- Baseline 6MWD, 2- 6MWD assessed at a predefined
time after the onset of treatment, and 3- Change in 6MWD
observed after treatment. These parameters have different
validities as a prognostic indicator (39).
Baseline six-minute walk distance (before treatment)
Among patients treated with epoprostenol for 12 weeks,
significantly lower baseline 6MWD was reported in 8 patients
who died at the end of the study compared with 73 patients who
were still alive (195 m vs. 305 m; p<0.003) (23). Strikingly, similar
results were found after years in the epoprostenol and sildenafil
combination study. While the mean 6MWD of 7 patients who
died over the course of a 16-week study was 182 m, it was
reported to be 354 m for the overall study population (20).
Analysis of data on survival derived from patient cohorts in
Japan and France revealed strong supporting data on the relation between prognosis and baseline 6MWD (15, 24, 40). A single-center study from Japan reported significantly better survival rates for patients with 6MWD 332 m or more among those
under prostacyclin therapy (15). Likewise, in a single-center
study in France on patients treated with bosentan, there was a
significant difference between the survival rates of patients with
6MWD less than and more than 330 m (24). Paciocco et al. (41)
reported that mortality risk is enhanced by 2.4-fold if the baseline walking distance is 300 m or less and that each additional 50
m walking distance decreases the risk of mortality by 18%.
Furthermore, they concluded that a decrease higher than 10% in
SO2 during 6MWT indicates approximately 3-fold higher mortality. Multidimensional analysis of data obtained from 178 patients
who were treated with epoprostenol between 1992 and 2001 in
France demonstrated that patients with a baseline 6MWD of 250
m and less have 2.2-fold higher mortality risk compared with
those who were able to walk more than 250 m (40). Moreover,
single and multiple analyses of data from the national French
registry study for PAH revealed a significant relation between
baseline 6MWD and survival (4). In a meta-analysis comprising
approximately 2000 patients and 16 randomized studies, Macchia
et al. (42) reported that there was a significant relation between
baseline 6MWD (less than 330 m in particular) and fatal events
during follow-up and that prognosis worsens progressively. In
the majority of analyses, the “cut-off” value for baseline 6MWD,
which is used to determine survival, is 330 m. The “cut-off” value
used in data analysis influences the outcomes. Fritz et al. (43)
stated that a baseline 6MWD less than 250 m in PAH patients is
associated with a mortality risk of approximately 50% within 2
years. It was observed that mortality risk is 8% in patients with
a higher baseline 6MWD. On the other hand, 250 m is a very low
threshold for 6MWD. When this threshold was increased, very
little difference was observed between patients with a baseline
6MWD over 288 m and over 415 m in terms of mortality risk. In a
recent study, Groepenhoff et al. (44) reported that baseline
6MWD is an indicator of survival in idiopathic PAH patients. In
another study, it was observed that baseline 6MWD and SO2 are
markers of mortality over the course of 3.3-year follow-up period
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in patients with Eisenmenger syndrome. Researchers concluded
that patients who were unable to achieve a 6MWD of 350 m or
those having a baseline SO2 lower than 85% had a 3-fold higher
risk of mortality (45). On the other hand, in 226 consecutive
patients studied by Wensel et al. (46), 6MWD was a non-significant prognostic marker; however, in this study, only 52% of the
patients performed 6MWT at baseline.
Six-minute walk distance achieved after treatment
The distance achieved after treatment has been shown to be
a prognostic marker in several studies (24, 40, 43). After 3-month
epoprostenol therapy, better survival rates were achieved in
patients with a 6MWD of 380 m and higher compared with those
who could not reach this threshold (40). Likewise, Provencher et
al. (24) observed better survival rates after 4 months of bosentan
therapy in patients who reached a threshold higher than 378 m
compared with patients who could not walk that distance. One-,
two-, and three-year survival rates of patients who were able to
walk more than 378 m were 100%, 100%, and 90% respectively,
whereas the corresponding percentages were 85%, 79%, and
69%, respectively for patients who walked less than 378 m
(p=0.005). In the ARIES study, it was reported that the risk of
mortality decreased over the course of a 2-year follow-up period after 12-week ambrisentan therapy in patients with 6MWD
higher than 323 m compared with patients who were unable to
reach that threshold (p<0.001). When the results of this cohort
were evaluated, 6MWD achieved after 12 months of treatment
was not found to be a better marker than baseline 6MWD (43).
On the other hand, retrospective analysis of the patients who
received subcutaneous treprostinil revealed that post-treatment
6MWD was not linearly correlated with survival; however, even
in this study a walking distance of 295 m or less after 12 weeks
was correlated with a significant decrease in survival over the
course of 3-year follow-up period (3-year survival rate was 57%
in patients with a 6MWD of 295 m or less, 77% in patients with a
6MWD between 296 and 351 m, 77% in patients with 6MWD
between 352 and 405 m, and 81% in patients with 6MWD higher
than 405 m) (47).
Change in six-minute walk distance after treatment
compared with baseline values
Studies have revealed inconsistency between the change in
6MWD and clinical outcome. Groepenhoff et al. (44) reported
that change in 6MWD in IPAH patients after a 13-month treatment period is the determinant of survival. In another study,
Benza et al. (47) analyzed the determinants of 3-year survival in
patients treated with subcutaneous treprostinil and reported
that an increase by more than 20 m in 6MWD with 12-week
treprostinil therapy is associated with higher survival rates
when compared with increases lower than that (80% vs 69%,
p=0.039) and that each 20 m increase in 6MWD shows a positive
correlation with survival.
On the other hand, it has been reported that there is no difference between individuals with and without 112 m or more
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increase in 6MWD after 3-month epoprostenol therapy in terms
of survival (40). A significant increase in 6MWD was not found
to be associated with a significant improvement in parameters
such as time to clinical worsening (25, 48). Systematic reviews
and meta-analysis studies that comprise randomized studies
performed with PAH-specific therapies have demonstrated that
a change in 6MWD after treatment compared with baseline
values does not determine survival benefit (42) or incidence of
clinical events (32). In a meta-analysis including 10 randomized
controlled studies and more than 2000 patients that investigated
whether changes in 6MWD over the course of a 12-week treatment period were correlated with clinical events, Gabler et al.
(49) found that changes in 6MWD were correlated with treatment and clinical outcome but that it explained only 22% of the
treatment effect. In addition, they reported that a change by 41.8
m in 6MWD is associated with a significant decrease in the
incidence of clinical events but that threshold decreases to 25.7
m when the patients who received prior treatment were excluded from the analysis. Researchers concluded that changes in
6MWD could not determine the majority of the treatment effect
and may have only minimum validity as an end point for clinical
events. In a new meta-analysis comprising 22 randomized controlled studies and 3112 patients, it was observed that change in
6MWD is not correlated with long-term outcomes (32).
Limitations and questions to be answered
Although 6MWD has been used as the end-point in most of
the studies, there are limitations against the use of 6MWD as the
primary end-point (50). The use of combined primary endpoints
under the name of clinical worsening has been suggested
because of the limitations of 6MWD (8). In their recent review,
Gaine et al. (39) discussed the limitations of 6MWD and stated
that 6MWD has decreased sensitivity in patients with milder
symptoms who walked longer distance (ceiling effect) and
decreased adequacy in patients who were still under PAH treatment. The ceiling effect in 6MWD may mask the efficacy in
patients who have longer walking distance at baseline but significant pathology as has been shown in the bosentan study in
functional class II patients (39). It is difficult to determine the
changes in walking distance in patients with baseline 6MWD
higher than 450 m. It was observed that 6MWD was higher than
450 m in some patients who had severe hemodynamic changes
at the time of PAH diagnosis (13). Furthermore, additional treatment may not provide further gains in patients who already had
improvement in their exercise capacity on a background therapy.
The great majority of studies that were used for analysis consisted of treatment-naïve individuals. In treatment-naïve
patients, higher improvement is likely to occur in patients
receiving active treatment; contrarily, the group receiving placebo remains unchanged or even worsens. Therefore, treatment
effect becomes greater compared with placebo. Different in
combination studies, the magnitude of improvement may
decrease because of the active drug being added to the existing
treatment. The PHIRST study analysis showed the importance of
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this effect reporting a lower increase in 6MWD in patients who
received tadalafil in addition to their existing treatment compared with patients who received tadalafil alone (51). This effect
should be taken into account when new drugs are tested as
additional effective treatments in patients who receive the currently available PAH drugs (22).
What the real significant difference in walking distance
beyond reaching statistical significance is one of the weaknesses in assessing 6MWD. First, Gilbert et al. (52) reported that
the minimal important difference in 6MWD is 41 m in patients
treated with sildenafil. In another study, Mathai et al. (53) reported that the minimal important difference in 6MWD is 33 m in PAH
patients. Similar but a more comprehensive analysis was done
by Gabler et al. (49), and the outcomes of 10 randomized clinical
studies revealed that significant threshold effect in decreasing
the incidence of clinical events is 41.8 m.
Another weakness of 6MWT is the fact that it provides less
information on the mechanisms of exercise restriction. CPET
would give more information on the organs or systems that contribute to decreased exercise tolerance. Despite the absence of
definite contraindications for 6MWT, it would be more appropriate to evaluate patients with prior unstable angina or myocardial
infarct in the last month or patients who have significant exercise-associated symptoms (e.g., syncope) using CPET, which
has more intensive monitoring conditions (9).
Because of reasons that are not associated with PAH, the
specificity of 6MWD, as a measurement of exercise capacity,
may be striking particularly in low walking distances. For example, the walking distance of a scleroderma patient may be low as
a result of weakness and other comorbidities. An out of condition state, loss of muscle tone, and endurance may be seen in
individuals with chronic disease and may influence the distance
the individual is able to walk (39).
There are a few questions that have not been answered yet
on the use of 6MWD. The questions include which distance best
correlates with exercise capacity and right heart function and
whether this has been measured as the absolute value of 6MWD
associated with improved survival in PAH (7). Lee et al. (54), who
interpreted whether the distance can be evaluated according to
the percent predicted based on patient parameters (age, height,
gender), reported that the percent predicted 6MWD may help
clinicians with the interpretation of 6MWT but that its prognostic
value is not superior to the absolute 6MWD.

Conclusion
In conclusion, 6MWT is a cheap, inexpensive, and repeatable
test, which is technically easy to apply, appropriate for large
patient groups, and well-tolerated by the patients. Despite various limitations, it should be kept in mind that 6MWD plays a key
role in the evaluation and treatment of PAH patients together
with symptom monitoring, functional class assessment, hemodynamic parameters, and biological markers. However, recently
completed trials studying patients on background therapies sug-
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gest that clinical worsening showing morbidity and mortality
may be a more suitable and meaningful primary end-point than
6MWD.
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