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Abstract

The correlation between the 6-minute walking distance and obesity
has been only partially explored. Results obtained from the existing
predictive equations are influenced by a variety of factors (health
status, severity of obesity, reduced muscle strength and mobility, de-
creased aerobic capacity, presence of comorbidities).

The aim of our study was to verify, compare and discuss the 6MWD
predictive capacity of the equations currently available in the literature
in a sample of obese subjects.

Despite similar study design, the considered articles varied with re-
gard to the number of individuals included and to age range. None of
the equations available in the literature was able to accurately predict
the six-minute walked distance performed by the obese subjects in-
volved in our study. The six-minute walked distance performed by
obese subjects seems to be influenced by other factors than the vari-
ables included in the equations from the literature, suggesting that
they may not thoroughly capture the complexity of disability in obese
people. Future research should be designed in order to validate popu-
lation-specific equations, by including variables related to clinical,
functional, and psychological areas, which are usually impaired in
obese individuals.

Introduction

Obesity (generally defined by body mass index (BMI) ≥30 kg/m2) is
a chronic disease due to complex pathogenesis, and it is characterized
by a significantly increased comorbidity and severe consequences af-
fecting the quality of life and overall disability [1]. The risk of disability
is significantly higher in obese subjects: obesity impairs the interac-
tion between the individual and the environment, reduces independ-
ence in activities of the daily living and participation in social life [1].
It is known that: difficulty in activities of the daily living (ADLs) in-
creases progressively with the degree of obesity [2]; fat mass, in par-
ticular the abdominal fat mass, is inversely related to physical per-
formance and motor function, especially if associated to the decrease
of the lean mass (the so-called sarcopenia) [3,4]; the increase of waist
circumference and waist-to-hip ratio is positively associated to func-
tional limitations and disability in the ADLs as well as in the instru-
mental activities of daily living (IADLs) [5].

Another factor responsible for disability is the impaired respiratory
function linked to obesity. In fact, the increased fat accumulation might
impair the thorax mechanic efficiency in obese people, leading to alter
respiratory conditions, which, in a vicious circle, worsen the functional
impairment [6]. In obese subjects, the metabolic cost and the oxygen
consumption are higher, pulmonary volumes are reduced with in-
creased ventilation and respiratory muscles are under greater strain.
Indeed, dyspnea occurs frequently in obese subjects and the expiratory
flow is reduced even in absence of bronchial obstruction [7]. Moreover,
obesity is strictly linked to respiratory disorders during sleep, such as
the Sleep Apnea Syndrome, characterized by a repeated total or partial
(hypopnea) collapse of the upper airway, inducing an irregular respi-
ratory rhythm during sleep with intermittent transitory hypoxia [8,9].

In the onset of the obesity-related disability, functions linked to the
lower limbs (strength and balance capacity) appear to be more suscep-
tible than those associated to the upper limbs (strength and dexterity)
[10-12]. Exercise capacity is a strong predictor of disability as well as
morbidity in the general population: physical functioning and exercise
capacity are associated with improved quality of life and survival
[13,14]. No test performed under resting condition is able to predict
the cardiac and respiratory functions, and symptoms linked to physical
activity, especially dyspnea, are weakly correlated with cardio-pul-
monary function evaluations when performed at rest. Physical exer-
cise, involving different organs and systems such as heart, lungs and
muscles, allows a more complete evaluation of the functional reserve
[15-17]. Individual exercise capacity can be assessed only by means of
a standardized reproducible physical effort. Walking capacity (i.e.
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Comparison of the results obtained applying 
different equations from the literature 
to the experimental sample

Obese patients (BMI ≥30 kg/m2) were recruited in the rehabilitation
facility at the Department of Experimental Medicine, Medical Phys-
iopatology, Food Science and Endocrinology Section from January 2009
to December 2011. They represent all the obese patients hospitalized in
the facility during the survey period.

The exclusion criteria included: age <18 years or >80 years; bed-
ridden subjects; clinical conditions (unstable angina, myocardial in-
farction in the previous month, uncontrolled hypertension with blood
pressure values exceeding 180/100 mmHg) contraindicating the 6MWT
performance and those who have had to stop the test as required by the
Guidelines (chest pain, intolerable dyspnea, leg cramps, staggering, ex-
cessive sweating, etc.) [23].

All the recruited subject underwent the following evaluations and
measurements: i) anthropometric measurements, following the proce-
dures described in the Anthropometric standardisation reference manual
by Lohman et al. [32], performed by a skilled operator. Body weight was
measured to the nearest 0.1 kg through a standard column body scale
(SECA, Hamburg, Germany). Body height (using a rigid stadiometer –
SECA, Hamburg, Germany), waist (W) and arm circumferences (AC)
(using a measuring tape) were determined to the nearest 0.1 cm. ii)
6MWT, following the guidelines by the American Thoracic Society [23]. In
particular, suggested safety rules, as well as the criteria for immediate
stopping the test (chest pain, intolerable dyspnea, leg cramps, staggering,
diaphoresis, pale or ashen appearance) were respected. The day before
the test, an exhaustive explanation of the procedures, including where
the test would take place, was provided to the patients. The 6MWT was
performed in an undisturbed 20-meter hospital corridor marked every 2
meters with colored tape on the floor. Before the test, the subject’s pulse,
respiratory rate, peripheral capillary oxygen saturation (SpO2) and blood
pressure were measured. At 1-, 3- and 5-minute during the test, the sub-
ject’s pulse and SpO2 were verified using a portable pulse oxymeter. At test
completion, the subject’s pulse, respiratory rate, SpO2, blood pressure and
perceived fatigue on Borg’s scale were measured [33]. Subjects were in-
structed to walk as far as possible for 6 minutes and received standardized
encouragements [23]. They were allowed to stop or rest during the test if
necessary. The distance walked in 6 minutes was computed.

The results calculated from those equations were compared with the
distances actually walked by the subjects in our study sample.

From the distance walked during the 6MWT and the body weight of the sub-
jects the workload was calculated as (body weight * walked distance) [31].

Data analysis and statistics

The study protocol was approved by the Ethical Committee of the
Sapienza University of Rome and all the subjects gave their oral and
written informed consent to the anonymous use of personal data.

A t-test was performed to describe differences between means
(walked vs predicted distance at the 6MWT). Differences were consid-
ered to be statistically significant for p<0.05. Statistical analysis was
performed using SPSS 10.0 statistical software (SPSS Inc Wacker
Drive, Chicago, IL, USA).

Results

Identification of the prediction equations 
of the six-minute walked distance in the literature

From the literature, 14 equations for the estimation of the distance
walked at the 6MWT were selected. The main characteristics of the

walking a certain distance) represents a rapid and cost-saving meas-
urement of the functional reserve and of quality of life, reflecting the
ability to perform the activities of daily living [18]. The 6-minute
walking test (6MWT) is an easy to administer, inexpensive and safe
tool to assess cardiovascular fitness, and its results are highly corre-
lated with other cardiovascular and respiratory functional tests (e.g.
Sit-to-stand test, VO2max and maximum work capacity) [19]. Walking,
rather than cycling, has also the advantage to be more reflective of the
subject’s habitual activities [20].

Many authors have previously studied the factors influencing the 6-
minute walking distance in healthy adults and several predictive equa-
tions have been developed [21,22]. After the publication of the official
guidelines for the 6MWT elaborated by the American Thoracic Society in
2002 [23], several studies have been carried out aiming at the develop-
ment of predictive equations of the 6MWT in different population groups,
taking into account ethnicity and specific conditions. Prediction equa-
tions allow the comparison of the performance with subjects matched for
age, gender and clinical status. Comparison to normative data can be
useful to assess functional capacity, plan exercise intensity, monitor
changes over time and interpret results of the interventions [24-27].

Few studies have explored the performance during the 6MWT in
obese subjects [28-31]. Despite high reproducibility, results from these
studies are influenced by a wealth of factors, including health status,
severity of obesity, reduced muscle strength and mobility, decreased
aerobic capacity and presence of comorbidities, with special regard to
pulmonary and cardiovascular diseases. According to the predictive
equations from the literature, obese subjects consistently show a
deficit in distance walked and in work exerted for walking when com-
pared with normal-weight subjects. Reference values obtained from
healthy, normal-weight populations therefore predictably underline the
reduced performance capacity of obese individuals. Instead, reference
values specific for this population would serve as benchmark to assess
baseline functional capacity, prescribe proper and safe exercise inten-
sity and monitor changes after rehabilitation interventions.

The aim of our study was therefore to verify, compare and discuss
the predictive capacity of the equations currently available in the liter-
ature in a sample of obese subjects actually performing the 6MWT.

Materials and methods

Identification of prediction equations for the six-minute
walked distance in the literature

Relevant studies were identified in PubMed run by the NCBI of the
National Library of Medicine of Bethesda (USA), through selection of
key-words such as 6MWT, reference equation, prediction, obesity that
define the interest field of the documents to search, grouped in in-
verted commas (“…”) and used separately or in combination. The
boolean AND operator to allow logical relations among concepts and re-
search modalities such as advanced search were used.

The considered limitations were papers on human subjects, aged
>18 years, written in English, French or Italian. No limits were imposed
as for the year range of the literature review.

The results of the selected papers were presented and compared with
a particular reference to the first author, the name of the journal where
the study was published, year of publication, study characteristics, se-
lection criteria, subjects included, validation procedures, presence of
subjects with a BMI ≥30 kg/m2.

We selected the predictive equations to be applied to the experi-
mental sample performing the 6MWT among the formulas validated in
the Italian population and/or used in samples of obese subjects.
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studies are reported in Table 1. In particular, two equations [29,31] had
been specifically developed for obese subjects, while in other eight
studies [18,26,35-40] both obese (BMI ≥30 kg/m2) and non-obese sub-
jects were enrolled. In four papers [20,25,34,41] no information was

available with respect to the presence or absence of obese subjects in
the study sample. Only four studies [18,34,35,37] used a randomized
selection of the subjects. The most used exclusion criteria were
smoking (8 studies), cardiovascular, respiratory and chronic diseases

pimepimepimepimeppiimmee EDITRICE

Table 1. Description of studies that validated an equation predicting the distance walked at the 6MWT.

Study Study sample Exclusion criteria Presence of obese subjects
Selection Participants

Alameri H et al. [35] Randomized 127 M, 111 F, Smokers (current or ex), cardiopulmonary BMI ≤ 35 kg/m2

from Saudi Arabia, and respiratory diseases
aged 18-50 years

Ben Saad H et al. [36] 104 M, 125 F, Smokers, morbid obesity or low weight, 55.9% overweight
from Tunisia, cardiopulmonary, metabolic or orthopedic diseases, (BMI 25-29.9 kg/m2),

aged ≥ 40 years those undergoing chronic drug therapy and 24% obese
(BMI ≥ 30 kg/m2)

Camarri B et al. [37] Randomized 33 M, 37 F, healthy, Smokers, respiratory diseases and medications 47.1% overweight
from Australia, that could affect the exercise capacity, (BMI 25-29.9 kg/m2),

aged 55-75 years diabetes mellitus, use of gait-aid ortheses, and 15.7% obese
neuromuscular and osteoarticular diseases (BMI ≥ 30 kg/m2)

Capodaglio P et al. [29] 141 F, 86 M, Cardiovascular and respiratory contraindications, All patients had
obese subjects, neuromuscular and osteoarticular diseases a BMI ≥ 30 kg/m2

from Italy, that could cause gait abnormality
aged 20-60 years

Casanova C et al. [40] 238 M, 206 F, No history of chronic disease that could 19% obese
from Central & South influence their exercise capacity; (BMI ≥ 30 kg/m2)

America and USA, active but not involved in any competitive sport
aged 40-80 years

Chetta A et al. [34] Randomized 48 M and 54 F, healthy, Participation in sports activities, smokers, capable Not indicated
from Italy, history of hospitalization or chronic diseases

aged 20-50 years of affecting the capacity to perform exercises

Enright PL Randomized 117 M and 173 F, Age > 80 years, smokers, presence of peripheral BMI ≤ 35 kg/m2

& Sherrill DL [18] from the USA, vascular disease, history of cerebrovascular
aged ≥ 40 years accident, use of diuretics, abnormal spirometry

Enright PL et al. [20] 437 F, 315 M, healthy, Regular use of gait-aid ortheses, musculoskeletal Not indicated
from the USA, problems, resting SpO2 < 90.0%, cardiovascular

aged ≥ 68 years accidents in the previous three months

Gibbons WJ et al. [25] 41 M, 38 F, healthy, Smokers; history of pulmonary diseases, Not indicated
from the USA, cardiovascular disease, neuromuscular diseases,

aged 20-80 years arthritis, diabetes mellitus, cancer, use of medications

Iwama AM et al. [38] 134 individuals, Cardiovascular and/or pulmonary diseases, disorders 37.6% overweight
from Brazil, capable of interfering with the capacity of walking, (BMI 25-29.9 kg/m2),

aged ≥ 13 years use of medications for chronic diseases and 12.5% obese
(BMI ≥ 30 kg/m2)

LarssonUE et al. [31] 16 M, 27 F, obese subjects, Known severe psychiatric diagnoses, All patients had
from Sweden, difficulty in understanding Swedish, a BMI ≥ 30 kg/m2

mean age 47 (21-62) years walking aids or total hip replacements

Masmoudi K et al. [41] 80 M, 75 F, Active individuals, smokers, Not indicated
from Tunisia, any chronic disease

aged 40-80 years

Poh H et al. [39] 35 individuals, Smokers, cardiovascular and respiratory disease, 17.1% obese
from Singapore, metabolic disorders, difference in lower-limb length, (BMI ≥ 27 kg/m2)
aged 45-85 years need to use gait-aid ortheses,

musculoskeletal pain or disability

Troosters T et al. [26] 53 healthy individuals, Participation in sports activities, BMI ≤ 35 kg/m2

from Belgium, history of hospitalizations or diseases
aged 50-85 years capable of affecting the walking capacity

Legend: 6MWT: six minute walk test; BMI: body mass index.
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Comparison of the prediction capacity 
of the equations in our population sample

We enrolled 295 subjects (74 men, mean age 47.1±13 years, and 221
women, mean age 48.3±15 years). All the participants showed a BMI
≥30 kg/m2 (44.0±7 kg/m2 in men and 42.4±7 kg/m2 in women, respec-
tively). Statistically significant differences (p<0.05) emerged between
males and females especially with regard to the distance walked during
the 6MWT (448.5±107 m in men versus 422.8±82 m in women, respec-
tively). Calculated workloads (body weight * walked distance) were
57901.0±7250 vs. 44774.5±6873 kg.m for men and women, respectively
(p<0.05) and globally 47955.3±7145 kg.m for the entire sample.

The results concerning the reliability of predictive models from the
literature are shown in Table 3. In particular, the difference between
walked and predicted distance varied from 81.5 to 153.2 m for males
and from 52.4 to 119.5 m for females. None of the equations was able
to predict with accuracy the distance walked at the 6MWT (both for the
whole sample or according to gender), although the correlations be-
tween the predicted and walked distances resulted significant (p<0.05)
for all of the equations. The calculated workloads were also different in
the studies considered (Figure 2).

Table 4 depicts the procedures adopted and the samples selected in
different validation studies on the 6MWT.

Discussion

In the literature we found 14 different reference equations for pre-
dicting the distance walked during the 6MWT. Despite similar study de-
sign, the considered articles varied with regard to the number of individ-
uals enrolled and their age range. In most studies, the reference equa-
tions were obtained by using linear multiple regression models, including
demographic and anthropometric features as independent variables.

The equations that we selected in the existing literature (Enright et al.
[18], Capodaglio et al. [29] and Chetta et al. [34]) do not appear to reli-
ably predict the distance walked during the 6MWT when applied to obese
subjects. According to the data obtained in our study, significant differ-
ences emerged between the distance walked by obese individuals in our
sample and the distance estimated using the equations above mentioned.

A possible explanation for the discrepancies we found may be due to
the differences in the populations used in the studies and examined for
the validation of the equations. Enright et al. [18] and Chetta et al.
[35] enrolled healthy subjects with only a low proportion of obese sub-
jects. Moreover, distances walked in these studies were higher than in
our sample, even at a lower workload. Our data are consistent with the
results of a study by Hulens et al. [30] (despite differences in the study
design regarding the control group) showing that the distance walked
during the 6MWT was shorter in obese (131.0 m) and even shorter in
morbidly obese women (183.4 m) than the distance walked by lean con-
trols. Indeed, obese participants walked 81.9% and morbidly obese only
64.6% of the distance lean women were able to walk. Despite similar
study sample characteristics and methods [23] (Italian subjects ad-
mitted to a Rehabilitation Unit devoted to the management of func-
tional and clinical complications of obesity, with similar BMI and
gender distribution), our results are not consistent with those provided
by Capodaglio et al. [29]. Discrepancies might be due to the higher
mean age in our study (10 years higher), the lower track length (20 m
in our study versus 30 m), as well as the lower workload in our study.
There is some evidence that track length does not appear to signifi-
cantly influence the distance walked during 6MWT [43]. On the con-
trary, age (in particular age >60 years) may be considered one of the
most important factors influencing the distance walked during the

(11 studies), use of medications that could affect the exercise capacity
(3 studies), use of walking aids or ortheses (4 studies), neuromuscular
and ostheoarticular diseases (6 studies).

Figure 1 describes the selection procedure [42] while Table 2 sum-
marizes the variables included in the selected equations predicting the
distance walked during the 6MWT and the validity of the proposed
models through R2 values.

Predictive equations applied to the experimental sample performing
the 6MWT were the followings:
1. 6MWD = 894.2177 – [2.07 x age(years)] – [51.4489 x gender(1=fe-

male)] – [5.1663 * BMI] (Capodaglio et al. [29])
2. 6MWD = [7.57*height (cm)] – [5.02*age(years)] – [1.76*weight(kg)]

– 309 for men (Enright et al. [18])
3. 6MWD = 1140 – [5.61*BMI] – [6.94*age(years)] for men (Enright

et al. [18])
4. 6MWD = [2.11*height(cm)] – [2.29*age(years)] – [5.78*weight(kg)]

+ 667 for women (Enright et al. [18])
5. 6MWD = 1017 – (6.24*BMI) – [5.83*age(years)] for women (Enright

et al. [18])
6. 6MWD = 518.853 + [1.25*height(cm)] – [2.816 x age(years)] –

[39.07*gender(1=female)] (Chetta et al.[34])
The selection of the equations was based on the following consider-

ations: i) the equations by Enright et al. [18], although not very recent,
were selected because they have been considered as the reference
equations for the 6MWT in many papers; ii) the equation by Chetta et
al. [34] has been chosen because it has been validated in the Italian
population; iii) the equation by Capodaglio et al. [29] was included be-
cause, besides having been validated in the Italian population, con-
siders a large sample of obese subjects (the only other equation vali-
dated in obese individuals [31] was developed using a sample of 43
subjects).
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Figure 1. PRISMA 2009 Flow Diagram (Moher D et al. [42]).
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6MWT [25]. In fact, age represents a proxy of disability, which evi-
dently affects the performance during the 6MWT. In our sample 20% of
subjects were over 60 years and 3% were 70 years old, whereas in the
paper by Capodaglio et al. [29] age ranged from 20 to 60 years. Even if
age was taken into account as explanatory variable by those Authors
[29], the equation was validated in a sample whose age was below 60
years, thus reducing the predictive validity for elderly subjects.

Two studies suggest that 6MWT seems to be highly reproducible and
reliable in overweight and obese individuals [28,31] and that it could
be used to quantify some aspects of the functional capacity of obese pa-
tients and to monitor changes in fitness over the course of weight man-
agement interventions. Obesity increases the work load for a given
amount of exercise, probably resulting in the shorter distances walked
by women with a higher body weight or BMI; moreover, both body
weight and BMI were significant when entered into the models
[18,20]. Other studies reported [25,28,30,37] significant correlations
between the distance walked during 6MWT and height, body weight,
and BMI. On the contrary, Poh et al. [39] failed to show an inverse re-
lationship between BMI and the distance at the 6MWT. In another study
[35], BMI was more linearly associated with the distance at the 6MWT
in females than in males. Women with a BMI >25 kg/m2 walked shorter

distances, while a positive correlation was observed between distance
walked and women with BMI <25 kg/m2.

In consideration of the data mentioned above, BMI does not seem to
thoroughly describe function in obesity, and therefore other variables
with reference to the clinical and functional status should be taken into
account. Variables used in the existent literature may not thoroughly
capture the complexity of disability in obese people. In fact, obese indi-
viduals, in association with the increased BMI, show an energetic, car-
diac and respiratory, limitation leading to a mobility impairment
[45,46], together with the relative reduction of skeletal muscle
strength and general deconditioning, also leading to disability [47,48].
Other potential contributors to the disabling status of obese subjects
are the friction of the skin through fat depositions on the thighs, the
increased plantar foot pressure (first and lesser metatarsal, mid-foot
and heel region), as well as the pain and discomfort experienced when
performing physical activities [30,49-51].

Investigating the difference in walking capacity between obese and
non-obese women, Hulens et al. [30] found that 59% of the variance could
be explained by BMI but other important variables, such as peak aerobic
capacity, knee extension torque, age and hours of TV viewing, resulted to
play an important role in determining walking capacity of obese subjects.

pimepimepimepimeppiimmee EDITRICE

Table 2. Variables included in the equations predicting the distance walked at the 6MWT and validity of the proposed models.

Study Variables included in the equation R2

Alameri H et al. [35] Age, Height 0.25
Ben Saad H et al. [36] Gender, age, weight, height 0.77
Camarri B et al. [37] Gender, age, weight, height 0.36
Capodaglio P et al. [29] Gender, age, BMI 0.48
Casanova C et al. [40] Age, height, weight, HR 0,38
Chetta A et al. [34] Gender, age, height 0.42
Enright PL & Sherrill DL [18] Gender, age, weight, height (or BMI) 0.42 M, 0.38 F
Enright PL et al. [20] Gender, age, weight, height 0.20
Gibbons WJ et al. [25] Gender, age 0.41
Iwama AM et al. [38] Gender, age 0.30
LarssonUE et al. [31] Gender, height, BMI, final HR, HR at rest, 0,71
Masmoudi K et al. [41] Gender, age, weight, height 0.60
Poh H et al. [39] Age, weight, height, hearth rate 0.78
Troosters T et al. [26] Gender, age, weight, height 0.66
Legend: 6MWT: six minute walk test; HR: heart rate; BMI: body mass index.

Table 3. Walked and predicted distance for 6MWT.

Predicted distance (m) Difference between walked and predicted distance **
m %

Enright PL et al. Entire sample 489.5±92* - 60.25 - 14.04
(stature & weight) [18] M 530.0±87* - 81.50 - 18.17

F 475.2±96* - 52.40 - 12.39
Enright PL et al. (BMI) [18] Entire sample 501.9±98* - 72.65 - 16.93

M 577.1±98* - 128.60 - 28.67
F 475.3±98* - 52.50 - 12.42

Chetta A et al. [34] Entire sample 558.0±53* - 128.75 - 30.00
M 601.7±42* - 153.20 - 34.16
F 542.3±47* - 119.50 - 28.26

Capodaglio P et al. [29] Entire sample 541.4±52* - 112.15 - 26.13
M 577.7±45* - 129.20 - 28.81
F 528.6±49* - 105.80 - 25.02

* p <0.05 considering the difference between real and predicted distance (t-test); ** Real walked distance (m): entire sample: 429.25±91; M: 448.5±107; F: 422.8±82.
Legend: 6MWT: 6 minute walk test.
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Table 4. Comparison of the procedures adopted and the samples selected in different validation studies on the 6MWT.

Enright PL et al. [18] Chetta A et al. [34] Capodaglio P et al. [29] Present study

Standardization Butland RJA et al., ATS STATEMENT, ATS STATEMENT, ATS STATEMENT,
used in the test 1982 2002 2002 2002
Track length 100 ft 30 m 30 m 20 m
Practice test NO One test 60 m before Not indicated NO
Ethnic-population Not indicated Not indicated Not indicated Caucasian (Italian)
characteristics (stratified cluster of (selection in University (selection in Rehabilitation

persons in Tucson-AR-USA) Campus and surrounding Unit in Italy)
community in Italy)

N M 117 48 86 74
F 173 54 141 221

Age (years) M 59.5 (43-77) 36±8 35.9±11 (20-60) 47.1±13 (17-74)
F 62.0 (45-79) 33±9 48.3±14 (13-78)

Weight (kg) M 86.1 (59-116) 77±9 121.1±20 (70-194) 129.1±19 (87-201)
F 66.9 (47-97) 59±8 105.9±20 (66-189)

Stature (cm) M 176.0 (164-185) 176±7 167.0±15 (152-182) 171.3±15 (158-188)
F 162.0 (151-183) 164±7 158.0±14 (141-180)

BMI (kg/m2) M 27.8 (22-34) 25±2 43.4±5 (30-58) 44.0±7 (29-71)
F 25.5 (21-32) 22±3 42.4±7 (28-69)

6MWD (m) M 576 (399-778) 593±57 563.6±62 484.1±92 (40-671)
F 494 (310-664) 638±44 441.9±90 (34-820)

Workload (kg.m) M 49593.6 45661.0 68251.9 57901.4
F 30298.6 37642.0 44774.5

Clinical characteristics Healthy Healthy Admitted to a Rehabilitation Unit Admitted to a Rehabilitation Unit
devoted to management devoted to management
of functional and clinical of functional and clinical 
complications of obesity complications of obesity

Legend: 6MWT: 6 minute walk test; 6MWD: 6 minute walked distance; BMI: body mass index.

Figure 2. Walked and predicted distance for 6MWT.
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Beriault et al. [28] reported that, although BMI is negatively correlated
with the distance walked during 6MWT, the actual distance measured in
their sample was shorter than in other studies, suggesting that cardiopul-
monary fitness of their participants was poorer than in other studies.

In line with these findings, significant correlations were observed
between the distance walked during the 6MWT and FEV1 (forced expi-
ratory volume in 1 second), carboxyhemoglobin or minutes walked in
the previous week [37].

In addition to the variables mentioned above, linked to clinical and func-
tional impairment, other potential sources of variance may be the different
attitudes, beliefs or mood of the participants. In fact, it has been demon-
strated that psychological status is related to exercise capacity [52,53].

In order to develop equations with higher predictive capacity, a number
of variables, like heart rate, oxygen saturation, blood pressure, muscle
strength, and lifestyle, besides the variables previously cited, should be in-
cluded in the statistical models. Nevertheless, their inclusion in an equa-
tion could appear unpractical for clinical use, as most of these parameters
are infrequently available in clinical practice [29]. The lack of attention to-
wards these variables leads to a minor precision in the predictive capacity,
as shown by R2 values of different equations, rarely higher than 50%.

Most of the published predictive equations show a high variability in
their predictive power, not only when applied to obese subjects, con-
firming that others factors, usually not considered in the performance of
the test, could play an important role in the distance walked [54,55]. In
a multi-centric study carried out by Casanova et al. [40], despite stan-
dardized procedures, similar age and anthropometric variables in the
samples enrolled in the 10 centers over 7 countries, the predictive equa-
tion developed from the study had an important variability across the
centers (R2adjusted: 0.09–0.73) and explained less than 30% of the vari-
ance of the distance walked during the 6MWT in four centers. Addition-
ally, not all variables had a predictive role in each center. The authors
stated that there were geographic variations in the distance obtained
during the 6MWT that could not be explained by anthropometric factors.

It appears that predictive equations should be validated in the spe-
cific population for which they will be used. Studies that have been
adopting equations validated on other populations than the experi-
mental one have failed to confirm their validity [56]. The reason for
that is likely multifactorial: the standardization procedure used in the
test (especially for tests performed before 2002), the track length, the
number of tests used for familiarization purposes (there is a learning
effect when the test is performed twice, with a mean 15% improvement
in distance walked [18]), the ethnicity, the clinical differences, the an-
thropometric characteristics (height in particular), and nutritional
status must be taken into account [56,57]. Even different speed of ha-
bitual walking, cultural and socio-economic aspects related to lifestyle,
lack of adequate effort [18] might affect the predicted distance [40].

Finally, all of the equations in the existing literature and reported in
our study are unable to explain a variance of the phenomenon higher
than 50%. Most of the differences that we observed between the walked
distance and the predicted distance are probably due to this intrinsic
error in the equations. Hence, we stress the need to consider parame-
ters involving the clinical, functional, and psychological status, which
should be included in the predictive equations for the distance walked
during the 6MWT, especially when they have to be applied to particular
population subsets, like morbidly obese individuals [44].

Possible limitations of our study are: i) the selection of the equa-
tions (see Methods section) derived mainly from healthy, normal
weight populations. However, the selected equations are the most fre-
quently used in clinical settings worldwide. The results seem to suggest
the need for specific equations in obese subjects and to consider with
caution the results obtained from these equations when evaluating in-
dividual capacity; ii) the different length of the walkway we used (in

this study was 10 m shorter than the one used by Enright) [58] might
have biased the results, although it appears very unlikely, as already
commented by other authors [43], that this particular circumstance
might have caused such a marked difference in the results. However, it
has to be verified whether, turning around and changing direction
about 25 times in a six-minute time, particularly in obese subjects
where there are higher inertia and biomechanical constraints in rapid
movements, would or not affect the performance; iii) a familiarization
test was not performed in our sample. The ATS Guidelines for the Six-
Minute Walk Test state that a practice test is not needed in clinical set-
tings although it should be considered. In fact, the six-minute walked
distance is only slightly higher for a second 6MWT performed a day
later and the mean reported increase ranges from 0 to 17% [23]. In our
study, the day before the 6MWT, an exhaustive explanation of the pro-
cedures, including where the test would take place, was provided to the
patients in order to make the test more reliable (by improving coordi-
nation, finding optimal stride length, and overcoming anxiety [23]),

In conclusion, the distance walked during the 6MWT by obese sub-
jects does not appear to be only influenced by age, gender, BMI and body
weight and height, as suggested by most of the equations available in
the literature. The present study raises criticisms on the accurate pre-
diction capacity of the available equations on 6MWT results in obese
subjects. Bearing in mind that the main objective of the test in obese
subjects undergoing nutritional rehabilitation is to assess functional ca-
pacity, and plan and monitor interventions, future research should be
designed and performed in order to develop and validate population-
specific equations, by including variables related to clinical, functional,
and psychological areas usually impaired in obese individuals.
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