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RESUME

Introduction : La principale variable déterminée lors du test de marche de 6-min est la distance parcourue pendant 6 minutes (DM6). Sa base
d'interprétation repose sur la comparaison de la distance mesurée avec celle prédite a partir des normes publiées.

Objectif. Le but de la présente revue de la littérature est de rapporter les normes de la DM6 disponibles pour les populations Arabes comportant
des adultes sains.

Méthodes. Une recherche de la littérature allant de 1970 au 5 Janvier 2017 a été réalisée via PubMed. Les articles en anglais et/ou frangais
récupérés ont été regardés pour toutes les références supplémentaires. La recherche a comporté la combinaison des termes suivants: «marche»
ET «valeurs de référence» ET «Araben.

Résultats. Cing études, menées en Arabie saoudite (n=2), en Tunisie (n=2) et en Algérie (n=1) ont été incluses. Les variables dépendantes
suivantes ont été introduites dans les normes: age (ans), taille (cm), poids (kg), indice de masse corporelle (IMC, kg/m2), sexe (0:femme;
1:homme) et le niveau d'activité physique. Cing équations de référence ont été proposées pour les Tunisiens agés de 40 a 79 ans [DM6 (m) =
299,8 — 4,34xAge + 3,43xTaille — 1,46xPoids + 62,5xSexe] ou agés de 40 a 85 ans [DM6 (m) = 720,50 + 160,27xSexe — 5,14xAge — 2,23xPoids
+ 2,72xTaille], pour les Saoudiens agés de 16 a 50 ans [DM6 (m) = - 28,5 + 2,81xTaille + 0.79xAge] ou agés de 18 a 71 ans [DM6 (m) = 342,650
+ 74,31xNiveau d'activité physique + 33,88xSexe — 4,25xAge] et pour les Algériens agés de 16 a 40 ans [DM6 (m) = 800,05 + 64,71xSexe —
10,23xIMC - 1,63xAge + 2,05xPoids]. Ces normes expliquent entre 25% et 77% de la variabilité de la DM6.

Conclusion. Peu de normes de la DM6 existent pour les populations Arabes comportant des adultes sains. D’autres normes sont souhaitables.

Mots-clés
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SUMMARY

Introduction. The primary outcome of the 6-min walk-test is the 6-min walk-distance (6MWD). Its interpretation relies upon the comparison of
the measured 6MWD with the predicted one from published norms.

Objective. The aim of the present review is to report the 6MWD norms published for healthy adults Arab populations.

Methods. The review includes a literature search, from 1970 to January 5th 2017 using the PubMed search engine. Reference equations lists
of retrieved English/French articles were searched for any supplementary references. The research includes the combination of the following (or
their synonyms) “Medical Subject Headings” or “Title/Abstract” terms: «walking» AND «reference values» AND «Arabsy.

Results. Five studies, conducted in Saudi-Arabia (n=2), Tunisia (n=2) and Algeria (n=1) were included. Norms comprised the following factors:
age (Yrs), height (cm), weight (kg), body mass index (BMI, kg/m2), sex (0:women; 1:men) and physical activity level. Five norms were proposed
for Tunisian aged 40-79 years [BMWD (m) = 299.8 - 4.34xAge + 3.43xHeight - 1.46xWeight + 62.5xSex] or aged 40-85 years [6BMWD (m) =
720.50 + 160.27xSex - 5.14xAge - 2.23xWeight + 2.72xHeight], for Saudi-Arabian aged 16-50 years [EBMWD (m) = - 28.5 + 2.81xHeight +
0.79xAge] or aged 18-71 years [EMWD (m) = 342.650 + 74.31xPhysical activity level + 33.88xSex - 4.25xAge] and for Algerian aged 16-40 years
[6MWD (m) = 800.05 + 64.71xSex - 10.23xBMI - 1.63xAge + 2.05xWeight]. These norms explained 25% to 77% of the 6MWD variability.
Conclusion. Fewer 6MWD norms exist for adults’ Arab population. Other norms are welcome.
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The 6-min walk-test (EMWT) has been extensively used
to assess functional exercise performance across various
adults’ subject populations [1-50]. It involves measuring
the distance a subject can walk on a level course in 6
minutes (6MWD) [1-4].

The interpretation of the 6MWT relies on the comparison
between measured 6MWD and the predicted value
derived from norms [51-91]. Since, norms are essential to
guide the diagnostic and prognostic use of the 6MWT and
because the success in medical decision-making
depends as much on selecting and properly using norms
and their limits, international scholarly societies
[especially the American thoracic and/or the European
respiratory societies (ATS/ERS) [1-3]] encourage
investigators to publish 6MWD norms for healthy persons
using the 6MWT guidelines. In fact, 6MWD norms
generated and verified in a local population should be
applied where possible [1-4].

While several papers (original research, reviews and
guidelines) were published concerning the 6MWT
procedures [1-4] and norms [49-91], to the best of the
authors’ knowledge, only one recent narrative review [92]
has highlighted and discussed the 6MWD influencing
factors of the healthy adult Arab populations and no
previous review was performed to report their 6MWD
norms. The incorrect selection of a 6MWD norm can
result in potential errors associated to the interpretation of
the level of physical fithess and the progress of the 6MWD
following interventions in subjects with chronic conditions
[49]. Consequently, the deeper awareness of the
circumstances under which norms were obtained is
essential. Therefore, the objective of this narrative
literature review was to report the studies that have
created reference equations to predict the 6MWD in
healthy adults Arab populations.

METHODS

A part of the methods applied in the present review was
previously published in a previous narrative review aiming

to establish the 6MWD influencing factor for the adults’
Arab population [92].

In brief, the present review includes a literature search,
from 1970 to January 5" 2017 using the PubMed search
engine. The research includes the mixture of the “Medical
Subject Headings, MeSH” or “Title/Abstract, tiab” terms
[92] exposed in Box 1.

Reference lists of retrieved English/French articles were
searched for any supplementary references.

RESULTS

Eight studies [51-58] were found. However, three were
excluded [56-58]. Two studies were perfomed on Arab
children populations [56, 57] and another study did not
report MWD norms [58]. The retained five studies,
concerning Tunisian [52, 55], Saudi-Arabian [51, 54] and
Algerian [53] populations, were cross-sectional.

Samples representation

Table 1 displays the samples characteristics of the
retained studies. All samples were convenience ones.
Weight status was not reported in two studies [51, 55].
Almost, 28%, 36% and 56% of participants, respectively
in the studies of EI-Sobkey [54], Bourahli et al. [53] and
Ben Saad et al. [52], have overweight. Nearly, 5%, 24%
and 24% of participants, respectively in the studies of
Bourahli et al. [53], EI-Sobkey [54] and Ben Saad et al.
[52], were obese.

Physical activity level was lacking in one study [55].
Almost 26.5%, 51%, 80% and 82% of participants,
respectively, in the studies of Bourahli et al. [53], EI-
Sobkey [54], Alameri et al. [51] and Ben Saad et al. [52]
have a low physical activity level.

Socioeconomic-level was reported in one study [52].
Schooling-level, reported in two studies [52, 55], was low
in 43% and 75% of participants of Ben Saad et al. [52]
and Masmoudi et al. [55] studies. In the study of
Masmoudi et al. [55], 55% of participants have an urban
origin. The Algerian study [53] was carried out in the area
of Constantine, which is 649 m exceeding sea level.

Box 1. “Medical Subject Headings MeSH” or “Title/Abstract, tiab” terms applied in the present research.

Synonyms of “walking” AND

‘walking’[MeSH] OR  “six minute walk
distance[tiab] OR “six-minute walk distance[tiab]
OR “6-minute walk distance’[tiab] OR “six-min
walk distance[tiab] OR “6-min walk distance’[tiab] | OR
OR “six minute walking distance’[tiab] OR “six-
minute walking distance’[tiab] OR “6MWD"[tiab]
OR “six-minute walk’[tiab] OR “6-min walk[tiab]
OR “six-min walk test’[tiab] OR “six minute walk
test’[tiab] OR “six-minute walk test’[tiab] OR “6-
minute walk test’[tiab] OR “6-min walk test‘[tiab]
OR"6MWT[tiab] OR “walk test’[tiab]

Synonyms  of
value” AND

“norms”[tiab]

“reference | Synonyms of “Arabs” [92]

"arabs" [MeSH] OR arab* [tiab] OR "middle east*'[tiab] OR

“reference value’[MeSH] OR | "africa, northern"[MeSH] OR "north* Africa*'[tiab] OR
“reference  equation’[tiab] | "lebanon"[MeSH] OR leban*tiab] OR syria*[tiab] OR
“reference | iraq*[tiab] OR saud*[tiab] OR palestin*[tiab] OR gazatiab] OR
standards”[MeSH]

OR ["jordan"[MeSH] OR jordan*[tiab] OR bahrain*[tiab] OR
egypt*[tiab] OR libya*[tiab] OR tunisia*/algeria*[tiab] OR
yemen*/aden*[tiab] OR

kuwait*[tiab] OR oman*[tiab] OR gatar*[tiab] OR
"egypt'[MeSH] OR "morocco"[MeSH] OR sudan*[tiab] OR
west-bank([tiab]
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Table 1. Samples characteristics of the included five studies
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Masmoudi [55] Ben Saad [52] Alameri [51] El-Sobkey [54] Bourahli [53]
Weight status NR .Normal: 20% .NR .Underweight: 11%a .Underweight: 4.5%a
.Overweight: 56%a .Normal: 36%a .Normal: 54%a
.Moderate obesity: 24%a .Overweight: 28.4%a .Overweight: 36.5%a
.Obesity: 24%a .Moderate obesity: 5%a
Physical activity level ANR Low : 82%a Low: 80%° Low: 51%a Low: 26.5%
.Moderate:14%a .Moderate: 18% .Moderate: 46.5%a
High: 4%a High: 31%a High: 27.0%a
Socioeconomic level NR .Low : 36% NR NR NR
Schooling level Low: 75%a .Low: 43%a NR NR NR
NR: not-reported. aData are percentage of subjects.
Non-inclusion criteria tests.

Several non-inclusion criteria, previously described [92],
were applied.

The following specific non-inclusion criteria were applied
in three studies [51-53]: 6MWT contraindications [3],
moderate obesity (body mass index (BMI) > 35 kg/m?) and
abnormal lung function data.

Some abnormal 6MWT results were applied as non-
inclusion criteria in two studies [52, 53] such as a resting
oxy-hemoglobin saturation (oxy-sat) < 92%, an end-walk
dyspnoea > 5/10 (visual analogue scale) and a walking
induced desaturation.

6MWT protocols

All the retained studies [51-55] have applied the ATS-
2002 guidelines [3].

The number of 6MWTs varied from one [51] to two [52, 53,
55] with 30 [52, 55] or 20-45 [53] minutes rest between

6MWTs were performed in one site in three studies [52,
53, 55] and five different sites in one study [51].

The corridor length varied from 30 [51, 53, 55]to 40 [52]
m. In all studies [51-55], only one investigator was
implicated in the 6MWT practice.

Homogeneous expressions of encouragement were given
in two studies [53, 55], and no encouragement was given
in two others [51, 52]. 6MWTs were completed in the
afternoon in one study [55] and in the morning in three
others [51-53]. Ambient temperature was stated only in
three studies [51-53].

Samples sizes and participants characteristics

Table 2 displays the samples sizes, anthropometric and
spirometric data of the participants divided by sex: 1181
participants (56% were women) were included.

Samples sizes, calculated in one study [53], varied from

Box 2. Retained 6MWD norms and interpretation methods

Masmoudi et al. [55]: Tunisian aged 40-79 Yrs

6MWD =299.8 - 4.34 x Age + 3.43 x Height - 1.46 x Weight + 62.5 x Sex. LLN=124.5m

Ben Saad et al. [52]: North-African aged 40-85 Yrs

6MWD =720.50 + 160.27 x Sex - 5.14 x Age - 2.23 x Weight + 2.72 x Height. LLN=89 m

Alameri et al. [51]: Saudi-Arabian aged 16-50 Yrs
B6MWD = - 28.5 + 2.81 x Height + 0.79 x Age. LLN= NR

El-Sobkey [54]: Saudi-Arabian aged 18-71 Yrs

6MWD = 342.65 + 74.31 x Physical activity level + 33.88 x Sex - 4.25 x Age. LLN= NR

Bourahli et al. [53]: North-African aged 16-40 Yrs

6MWD = 800.05 + 64.71 x Sex - 10.23 x BMI- 1.63 x Age + 2.05 x Weight. LLN=74.31 m

Notes:

6MWD in m, age in Yrs, height in cm, weight in kg, BMI (body mass index) in kg/m2, sex (0:women; 1:men).

LLN: lower limit of normal. NR: not-reported.
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Table 2. Samples sizes, anthropometric and spirometric data.
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Table 2. Samples sizes, anthropometric and spirom

Masmoudi Ben Saad Alam
[55] [52] [51]
Sample size 155 (80/75) 229 (104/125) 238
{M/W) ~ i (127/
TS 55+11° 56+10° 29+8°
40-79" 40-85° 16-50
Age M 57+11° 58+11° 2848°
(Yr) 40-79"
W 53+10° 55+10° 30+8°
40-75"°
TS 163+9° 162+10° NR
145-189°
Height M  169+6° 170+7° 170+¢
(cm) 155-189° _
W  15616% 156+6* 157 +€
145-175°
TS 74+12° 73+12° NR
Weight 46-109°
(kg) M 76x12° 79+10° 76412
46-100°
w 72+12% 68+11% 64417
48-109°
TS 28z4° 28+3° NR
18-38° ) )
BMI M 26147 27+3° 2644°
(kg/m?) 17-35°
W 2945% 28132 2615°
20-38°
Lean- TS NR MR NR

155 [55] to 359 [54] subjects.Percentages of women were
47%, 48%, 50%, 55% and 70%, respectively, in the
studies of Alameri et al. [51], Masmoudi et al. [55],
Bourahli et al. [53], Ben Saad et al. [52] and EI-Sobkey
[54]. Subjects were aged from 16 [51, 53] to 85 [52] years.
The age means of the total samples varied from 28 [53] to
56 [52] years. In Bourahli et al. [53] study, 14 adolescents

746

aged 16 to 18 years were included. The means of height,
weight and BMI of the total samples varied, respectively,
from 162 [52, 54] to 169 [53] cm, from 67 [54] to 74 [55]
kg and from 24 [53] to 28 [52, 55]. Lean and fat-free
masses were reported in one study [53].

Some spirometric data were reported in three studies [51-
53]: 1% s forced expiratory volume (FEV) [51-53], forced



Table 3. . 6MWD and resting 6MWT data
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Table 3. 6MWL and resting 6MWT data

Masmoudi [33]

Ben Saad [52] Alameri [

TS 509483
6MWD

624£111° 410£52°

345-893"

(m) 586+82°

711:81° 430247

498474

551475" 386246

A==

NR
SBP

130 (115-140)° NR

(mmHg) M NR

135(120-50° AR

W NR

120 (110-135F AR

TS AR
DBP

80 (60-85)° NR

(mmHg) M NR

80 (70-90)° NR

W NR

80 (60-80)° NR

I§ 7849
HE

vital capacity (FVC) [51-53], FEV4/FVC [51-53], maximal
mid expiratory flow [52, 53] and peak expiratory flow [52].
No study has reported lung volumes data.

6MWD and resting 6MWT data

Table 3 displays the resting 6MWT data and measured
6MWD of the included subjects.

In all studies [51-55], 6BMWTs were well tolerated and no
6MWT was interrupted before the 6-min mark.

The lowest and highest measured 6MWD were noted in
Saudi-Arabian and Algeria populations [51, 53]. The
6MWD means were 410+£52 m, 386+46 m and 430+47 m,
respectively, for the total sample, women and men
subgroups of the Saudi-Arabian population [51]; and
68070 m, 634+49 m and 72655 m, respectively, for the
total sample, women and men subgroups of the Algerian
population [53].

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured in three studies [52-54].

79£10° NR

The total sample SBP and DBP medians or means varied,
respectively, from 116 [53] to 130 [52] mmHg and from 70
[53] to 80 [52] mmHg.

Heart-rate (HR), expressed in bpm and as percentage of
maximal predicted HR, varied, respectively, from 7819
[55] to 81+12 [54] and from 42+5% [53] to 47+6% [52].
Oxy-sat data, reported in three studies [52-54], was
almost 98%.

The meantSD (min-max) of the respiratory-rate, noted in
one study [54], was 1843 (12-30) cpm.

The meantSD of dyspnoea, reported in one study [51],
was 0+0.

6MWD influencing factors

The following anthropometric data were reported as
6MWD influencing factors [92]: sex [52-55], age [51-55],
height [51, 53, 55], weight [51, 55], BMI [52, 53, 55] and
lean-mass [53]. Among all spirometric data, only FEV4
apperared to be an influencing factor in two studies [52,
53]. Physical activity levels/scores were retained as
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influening factors in three studies [52-54]. Additional
influencing factors were: schooling level [52, 55],
socioeconomic level [52], urban origin [55], parity [52],
end-walk HR or dyspnoea Borg value [51] and resting
DBP [53].

6MWD norms

Table 4 displays the 6MWD norms in healthy adults Arab
populations. Two studies [52, 53] have reported three
norms for the total sample, women and men subgroups.
The remaining three studies [51, 54, 55] have reported
norms only for the total sample. Moreover, Masmoudi et
al. [55] have proposed two norms models for their total
sample.

All recommended norms, presented in Box 2, were those
proposed for the total samples.

All authors have opted for 6MWD regression linear
models explaining 25% [51] to 77% [52] of the 6MWD
variability.

All included data were anthropometric ones, except in the
study by EIl-Sobkey [54], where “physical activity level’
(evaluated by the international physical activity
questionnaire, IPAQ [93]) was introduced.

The following five anthropometric data were included in
the retained 6MWD norms (Box 2): sex [52, 53, 55], age
[51-55], height [51, 52, 55], weight [52, 53, 55] and BMI
[53].

Table 4. . 6MWD norms

Table 4. 6MWD norms

6MWD interpretation method

Three studies [52, 53, 55] have proposed a clear method
to interpret the 6BMWD (Box 2). After the predicted 6MWD
value from the norm is computed for an individual subject,
the lower limit of normal (LLN) for that subject may be
obtained by subtracting “X” m (“X” = 124.5 [55] or 89 [52]
or 74.31 [53] m).

Validation of the 6MWD norms

Three studies [51-53] have validated their 6MWD norms
(Table 5). The validation groups samples varied from 30
[52] to 58 [51] healthy participants who met the study
inclusion-criteria in two studies [52, 53]. Adequate
agreements between the measured and predicted 6MWD
were found with non-significant differences between the
measured and the predicted 6MWDs. In the Algerian
study [53], no participant have a 6MWD <81% or <LLN

DISCUSSION

Five studies have published 6MWD norms for adults Arab
populations. They were proposed for Tunisian population
aged 40-79 years or aged 40-85 years, for Saudi-Arabian
population aged 16-50 years or aged 18-71 years and for
Algerian population aged 16-40 years. These norms
explained 25% to 77% of the 6MWD variability.

Masmoudi [55]

Ben Saad [52] Alameri [51]

Total Model 1=299.8 - 4.34 x

=720.50 + 160.2T xS =-28.5+ 2.81

sample A+JA43xH-146xW+ -514xA-223xW xH+079xA P

625x% S +272xH 3
r=0.25

r=0.60 F=0.77 LLN=NR r
LLN=124.5m LLN=89 m L
Model 2=8527 - 4 55 x
A-38xBM +808xS
r=058
LLN=120.4 m

Men NR =90545-540xA- NR N

748
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Table 5. Validation of the published MWD norms.
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Table 3. 6MWD and resting 6MWT data

Masmoudi [55]

Ben Saad [52]

Alz

TS 509483
6MWD

6241111
345-893"

41

586182

(m) M
W 498474°

711£81°
551475

43
38¢

Rational of the review

In the last decade, the 6MWT has been increasingly used
to assess functional exercise performance across various
adults’ subject populations [1-3, 5-50]: pulmonary [5-22],
cardiac [23-28] and neuromuscular [29-32] diseases,
scleroderma [33], chronic renal failure [34], colon
resection surgery [35], infection with human
immunodeficient virus [36], obesity [37], diabetes-mellitus
[41], and ageing [38]. At least, it has been shown that the
6MWT independently predict the risk of death among
subjects with chronic diseases [1-3, 12, 39, 40, 42].

6MWD interpretation

Once the 6MWD for a given subject was determined, how
the results of a single 6MWD made to determine
functional status should be interpreted? Two steps are
needed. The first step is to express the 6MWD as a
percentage of the predicted value derived from published
norms [1-3, 49] performed in a sample of healthy people
of the same population [50-55, 59-91]. Despite the
popularity of the 6MWT, there is limited data relating
6MWD norms in healthy adults’ overall the world [50-55,
59-91], and especially among Arab population [51-55]. In
fact, to date, only five studies have determined norms to
predict 6BMWD in healthy adults Arab populations [51-55].
In many Arab populations, no local 6MWD norms exist,
and interpretation of 6MWD data is thus based on
foreigner published norms [50-55, 59-91]. This is a
questionable practice, since their reliability hasn’t been
verified in these populations. Moreover, there is some
evidence of differences in 6MWD among different ethnic
samples [65, 84]. The second step consists to interpret
the measured 6MWD and therefore to choose what limit
of the reference range to apply. In literature, several
methods were proposed: use of the LLN range [52, 64,

74, 84], use of a fixed percentage of predicted value (81%
[71] or 82% [80]) below which the BMWD is considered as
abnormal and use of reference centile tables by age-
decade [72].

Because of the differences in the population
characteristics, in the 6MWT protocols and data, in the
norms and in the interpretation methods, the universal
application of the published norms [50-55, 59-91] is
limited and may provide misleading information
concerning therapeutic or prognostic determinants. The
following two examples illustrate the possible clinical
misinterpretation of 6MWD results among Arab
participants, even if Arab norms are applied. When
expressed as a percent of predicted values, a 450-m
measured 6MWD for a man [40 Yr, 70 kg; 160 cm;
physical activity level=7] will vary by 46% [53%, 57%,
62%, 71% and 99%, respectively, according to the
reference equations of Bourahli et al. [53], Ben Saad et al.
[52], EI-Sobkey [54], Masmoudi et al. [55] and Alameri et
al. [51]]. When expressed as a percent of predicted
values, a 450-m measured 6MWD of a woman [40 Yr, 70
kg; 160 cm; physical activity level=7] will vary by 42%
[57%, 65%, 71%, 79% and 99%, respectively, according
to the reference equations of Bourahli et al. [53], El-
Sobkey [54], Ben Saad et al. [52], Masmoudi et al. [55]
and Alameri et al. [51]]. In the one hand, this argues for
the use of specific norms and supports the ATS
recommendation to continue establishing regional norms
[3]. In the other hand, the implications of this for subjects
with chronic diseases may be considerable and include
potential errors regarding the level of subject disability
and unrealistic expectations of interventions or
therapeutic designed to improve 6MWD.
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Origins of 6MWD norms differences

The application of 6MWD norms may be fraught with
difficulties if: /) Norm derived from cross-sectional data is
applied to longitudinal studies; ij) Characteristics of the
reference equation population differ from those of the
sample being studied with respect to age, body size, sex
or ethnic origin; iii) Methods and techniques used in a
study differ from those applied when establishing the
norms; or iv) Criteria for identifying the «normal range»
have not been established. Tables 1-5 show that there are
several differences between the 6MWD published norms
for Arab adults’ population. These differences interested
at least ten points detailed in the following paragraphs.
Studies design. The five published studies were cross-
sectional [51-55]. Some authors [80] warranted some
caution when interpreting the results of such cross-
sectional studies in volunteers, which may overestimate
6MWD in the oldest subjects because of a possible
selection bias [94]. Change in 6MWD within an individual
in time can be related to coefficients in regression
equations. The latter are almost invariably obtained in
cross-sectional studies; there, the results may be biased
by selection effects (persons with the greatest decline in
6MWD being least likely to survive to old age), and by
cohort effects, so that the age or height coefficients are
not representative of age-related changes within an
individual [94]. Thus, longitudinal studies analysed by
appropriate statistical models are necessary to correctly
describe the functional changes associated with ageing
[95].

Recruitment methods. The five studies recruitment
methods’, previously detailed [92], were different. The
recruited healthy volunteers could be not representative
of subjects recruited from the community. To avoid such
limitation, Alameri et al. [51] and Bourahli et al. [53]
randomized, respectively, 80% and 84% of their samples
individuals to formulate their 6MWD norms. The
remaining 16% and 20% were enrolled in the cross-
validation studies of the developed equations (Table 5). In
future, standardisation method recruitment is needed.
Although the sampling technique developed by Alameri et
al. [51] and Bourahli et al. [53] are able of diminishing the
biases that are inherent to convenience sampling; these
studies cannot be classified as randomized ones. In
future, and as done in some related studies [61, 74],
randomized samples are necessary.

Samples sizes. Only four studies [51-54] included a large
number of adults (ie; = 200 [95]). Although there is
evidence for the accuracy of their published norms,
Masmoudi et al. [55] study population (n=155) was not
large enough to determine 6MWD norms. In practice, and
as for spirometry, a relatively large number of subjects
(i.e, >100 [95] or > 150 [96] for each sex) is necessary to
ensure no significant difference between the published
norms and the values from the local community [95, 96].
Moreover, the sample size was calculated [97] in only one
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study [53]. The calculation of the sample size is a
statistically central point since determining its finest size
for a study guarantees enough power to distinguish
statistical significance and is a serious step in the design
of a planned research procedure [97]. In the future and
accordingly, similar studies should comprise a suitable
calculated sample size [97] and included at least 100 or
150 subjects for each sex.

Non-inclusion criteria. Norms should be obtained from
studies of “normal” subjects with the same
anthropometric and, where applicable, ethnic
characteristics of the subject being evaluated [95]. Criteria
to define subjects as “normal” have been discussed in
earlier statements [98, 99]: a healthy person is defined as
one in whom there is: i) No presence of acute and no past
chronic disease of the respiratory system; i) No major
respiratory disease, such as congenital anomalies,
destructive type of pneumonia or thoracic surgery in past
medical history; ii) No systemic disease which may
directly or indirectly influence the respiratory system and
general state of health (e.g. cardiovascular,
neuromuscular, skeletal or renal disease); iv) No history of
upper respiratory tract infection during three weeks prior
to investigation; v) Normal body composition (weight
within 5 and 95 percentile for height, taking into account
ethnic group) and vi) Lifelong non-smokers or no more
than incidental smoking experience. As previously
highlighted [92], some of the above criteria were not
applied in the retained studies [51-55]. In future studies,
standardization of the non-inclusion criteria is needed.
One interesting method, defining a “healthy group”, was
applied in two related studies [74, 84]: subjects with
disease-related factors that were significantly negatively
associated with 6MWD were excluded. When the factor
was a continuous variable, participants who fell beyond
the 95" percentile toward abnormality were excluded from
the “healthy group”. As no 6MWT was terminated
prematurely and as no subject required a rest during any
test [100], stopping during the 6MWT should be
considered as exercise intolerance sign [7, 21, 22, 41, 44,
47].

Samples representation. Convenience samples have
been included in the five retained studies [51-55]. This
could be considered as a major limitation. Ideally, norms
are designed from measurements observed in a
representative sample of healthy subjects in a general
population [95]. Norms can also be derived from large
groups of volunteers provided proper distribution of
anthropometric characteristics is satisfied [95]. The
principal points, which can introduce bias, are noted in
Table 1. In summary, they were around percentages of
subjects undertaking sufficient physical activity or having
low socioeconomic- or schooling- levels and with
abnormal weight status. Obesity influence gait and
increases the workload for a given amount of exercise,
resulting in the shorter 6MWD by subjects with a higher



body weight or BMI [1, 2, 61, 65, 74, 83, 92]. Alameri et al.
[51] have recognized that their sample may not be
representative of the entire Saudi-Arabian population.
However, in view that Riyadh is the largest city and a
major commercial center of Saudi-Arabia that attracts
workers, students and visitors from different parts of the
country; according to these authors [51], the sample and
therefore the study results can reasonably be
extrapolated to the rest of the Saudi-Arabian population.
Age ranges. Different age ranges were studied (Table 2).
However, only one study covered a large age range from
18 to 71 years [54]. Although 6MWT performance has
been assessed in subjects at relatively young age [6, 14,
37], only two studies [51, 53] have included participants
aged less than 40 years.

6MWT guidelines. As previously described [92], there are
many differences according the 6MWT applied-protocols.
In spite of that intraday variability can be a source of bias
[1-3], only four studies [51-53, 55] mentioned the day-time
(often in the morning [51-53]) of the 6MWTs. Precision
about ambient temperature was noted in three studies
[51-53]. This information is very important since exercise
capacity is impaired in hot, compared to temperate
conditions [101]. Different pre-test instructions, that can
modify the 6MWT data, were recommended in four
studies [51-53, 55]. Encouragement, noted in two studies
[53, 55], might have influenced the 6MWT results, since it
can significantly increases the 6MWD [102, 103].
According to the ATS guidelines [3], a practice test is not
needed in most clinical settings but should be considered
in research protocols. Two 6MWTs were performed in
three studies [52, 53, 55]. Norms derived from studies
with more than one practice test [52, 53, 55] should prove
useful for interpreting multiple repetition 6MWD
performance in subject’s particularly in settings such as
pulmonary rehabilitation where test familiarization is often
included in entry and exit BMWT methodology [3]. A single
test was performed in one study [51]. Performing a single
6MWT underestimate 6MWD, as repeated testing is
required to account for the effect of familiarization on the
6MWD walked by healthy subjects [52, 61, 63-65, 72, 78,
80]. Alameri et al. [51] theorized that the single test
method was more appropriate for clinical settings, where
the test will typically be performed once. Nevertheless,
these authors [51] recognized that the “learning effect”
phenomena in 6MWT, wherein repeating the test more
than once significantly increases 6MWD. If a practice
6MWT is done, and in order to reach similar resting HR,
the 2002-ATS guidelines [3] recommend waiting for at
least 60 minutes before the second 6MWT. Nevertheless,
in the published norms, interval between repeated
intraday tests varied largely between 20 minutes and 45
minutes [52, 53, 55]. The ATS [3] recommends performing
the 6MWT indoors, but if the weather is comfortable, the
test may be performed outdoors. In two studies [52, 53]
6MWTs were done outdoors. However, comparison
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between indoor and outdoor courses reported little
difference in 6MWD (mean difference 4 m) [104].
Performance on the 6MWT can be influenced by the
course layout and track length [1-3]. The published
studies corridor length varied between 30 m and 40 m.
According the ATS [3], the walking course must be in
length and no differences in average outcome were found
between tracks of 15-50 m [105]. In the retained studies
[51-55] only one evaluator has conducted the 6MWT in
healthy subjects. In subjects with chronic obstructive
pulmonary disease (COPD), it was recently shown that
the 6MWT can be compared when conducted by two
different investigators [106].

6MWD influencing factors. The adults Arab population
6MWD influencing factors were recently discussed [92].
However, some other potential factors described in
literature [exhaled carbon-monoxide (CO) values, leg
length, quadriceps or grip strengths, ankle-arm-index
(AAI)] [50-55, 59-88] should be evaluated in future
studies. The presence of carboxyhaemoglobin from
passive smoke and/or exposure to non-tobacco sources
of CO, is a factor that can influence the 6MWT results
[107]. It has been known that exposure to low-level
environmental CO impairs exercise performance in
normal persons as well as those with underlying coronary
artery disease [108-110]. The measurement of CO in
future study subjects may contribute to the understanding
of the sources of variation and reproducibility of the
6MWD in cross-sectional and longitudinal studies of
normal subjects [107]. The hypothesis that mean leg
length may be a better predictor of 6MWD than height as
it is a primary determinant of stride length [74] was tested
in some studies [61, 76, 78]. While this hypothesis wasn’t
supported by some authors [61, 76], Singaporean [78]
data showed significant direct relationships between
6MWD and leg length. A significant correlation between
6MWD and quadriceps strength (r=0.62) was found [80].
However, after correcting for anthropometric data,
peripheral muscle strength played no independent role
[80]. This contrasts with the previously reported
relationship of peripheral muscle strength to the 6MWD in
subjects with moderate to severe COPD [111]. Grip
strength is a direct measure of skeletal muscle strength of
the hands, but it is also an index of overall muscle
strength, endurance, and disability [112]. It remained a
strong, independent predictor of 6MWD in healthy
subjects [84]: for a 10-kg increment in grip strength, men
and women walked an average of farther. The subclinical
peripheral vascular disease was bivariately associated
with substantially shorter 6MWD [84]: a nonlinear
association of AAI with 6MWD with a breakpoint at an AAI
of women and men was found and this AAl effects
remained as strong predictors of 6MWD. At least, since
the Algerian study [53] was achieved at an altitude of 649
m, the height above sea level should be considered when
comparing between studies data.
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Statistical methods for 6MWD norms. As recommended
[3], in studies performing two 6MWTs [52, 53, 55], the
greatest 6BMWD covered by each healthy subject was
used as the primary outcome variable in the analysis. In
the retained studies [51-55], a linear regression model
was used to evaluate the independent variables
explaining the variance in 6MWD. For practical and
routine daily interpretation of 6MWT, the scientific
societies recommend that norms be derived by
convincing and biologically significant statistical models,
taking into account the reliance of the parameter studied
with anthropometric data [95]. For that reason, four [51-
53, 55] out of the five retained 6MWD norms were
established using only anthropometric data as predictors
of BMWD (Box 2). Although the inclusion of physical
activity level increased the amount of variance explained
in BMWD Saudi-Arabian norms [54] (Box 2), this finding
has limited practical application. In three studies [52, 53,
55] (Box 2), and in order to determine the LLN, the 95%
confidence interval was calculated (95% Cl = 1.64 x
residual standard deviation [100]). Two other methods
were proposed in literature: i) use of a fixed percentage of
predicted value (ie; 81% [71] or 82% [80]) below which the
6MWD is considered as abnormal and ii) use of reference
centile tables by age-decade [72]. The published 6MWD
norms for adults Arab populations explained between
25% and 77% of the BMWD variance. This is in line with
results reported in literature where 6MWD norms
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