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RESUMO
O Incremental Shuttle Walking Test (ISWT) tem sido sugerido como uma boa opcdo para
avaliar a aptidao cardiorrespiratoria na populacdo saudavel. Ja se sabe que nos homens o
ISWT é um teste méximo, porém em mulheres ainda existe essa lacuna. Deste modo, este
estudo teve como objetivo comparar o ISWT com o teste de exercicio cardiopulmonar (TECP)
e desenvolver uma equacdo de predicdo do consumo pico de oxigénio (VO, pico) em
mulheres saudaveis. Métodos: No primeiro estagio, 0 VO, pico, 0 quociente respiratorio pico
(R pico), a frequéncia cardiaca méxima (FC méax) e a porcentagem da FC max predita (% da
FC maéx prevista) foram avaliados no TECP e ISWT. No segundo estégio, foi elaborada uma
equacdo (n = 54) para predizer o VO, pico. No terceiro, a validacdo desta equacdo foi
realizada por outras 20 participantes. Resultados: N&o houve diferencas significativas entre o
ISWT e TECP para os valores de VO, pico, FC max e % da FC méx prevista (P> 0,05), mas a
medida de R pico foi significativamente maior no ISWT (1,22+0,13 no ISWT vs. 1,18+0,1 no
TECP; P = 0,022). Além disso, houve uma correlacdo positiva moderada entre os testes para
as variaveis VO, pico (r = 0,51; P = 0,0007), FC max (r = 0,65; P <0,0001) e R pico (r = 0,55;
P =0,0002) e a andlise de Bland-Altman demonstrou concordancia VO, pico (bias = -0,14). A
distancia percorrida no ISWT e a idade explicaram 36,3% (R quadrado ajustado = 0,363) da
variancia do VO, pico. A equacdo foi: VO, pico (previsto) = 19,793 + (0,02 x distancia
percorrida) - (0,236 x idade). Ndo houve diferenca estatisticamente significativa entre o VO,
pico medido diretamente com o estimado pela equacédo elaborada e a analise de Bland-Altman
mostrou concordéncia entre as medidas, com um bias de 1,5 ml / kg / min. Conclusédo: O
ISWT é um teste maximo, mostrando resultados semelhantes aos do TECP e a equacédo

prevista é valida e aplicavel para avaliacdo do VO, pico em mulheres jovens saudaveis.

Palavras-chave: Incremental Shuttle Walking Test, VO, pico, mulheres.






ABSTRACT
The Incremental Shuttle Walking Test (ISWT), have been suggested as a good option for

evaluating cardiorespiratory fitness in the healthy population. It is already known that in men
the ISWT is a maximum test, but in women there is still this gap. Thus, this study aimed to
compare the ISWT with the cardiopulmonary exercise testing (CEPT) and to develop an
equation for peak oxygen uptake (VO, peak) prediction in healthy women. Methods: In the
first stage, the VO, peak, respiratory exchange ratio (R peak), heart rate max (HR max) and
percentage of predicted HR max (% predicted HR max) were evaluated in CEPT and ISWT.
In the second stage, an equation was elaborated (n = 54) to predict the VO, peak. In the third,
the validation of this equation was performed by another 20 participants. Results: There were
no significant differences between the ISWT and CEPT for VO, peak, HR max and %
predicted HR max values (P>0.05), except for R peak measure that was 1.22(0.13) in ISWT
vs. 1.18(0.1) in CEPT (P=0.022). Therefore, both tests showed a moderate positive correlation
for VO, peak (r=0.51; P=0.0007), HR max (r=0.65; P<0.0001) and R peak (r=0.55;
P=0.0002) and the Bland-Altman analysis demonstrated agreement for VO, peak (bias = -
0.14). The distance walked on ISWT and age explained 36.3% (Adjusted R Square = 0.363)
of the variance in VO, peak. The equation was VO2 peak (predicted) = 19.793 + (0.02 x
distance walked) - (0.236 x age).There was no statistically significant difference between VO,
peak measured directly with that estimated by the elaborated equation and the Bland-Altman
analysis showed an agreement with a bias of 1.5 ml/kg/min.

Conclusion: ISWT is a maximal showing similar results as the CEPT, and the predicted

equation is valid and applicable for evaluation of VO, peak in young healthy women.

Keywords: Incremental Shuttle Walking Test, VO, peak, women.
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1 INTRODUCAO

A aptiddo cardiorrespiratoria (ACR) pode ser definida como a capacidade de
executar um exercicio de intensidade moderada a alta, de natureza dindmica, com participagdo
de grandes grupos musculares por periodos de tempo prolongados. E um importante
componente da aptidao fisica relacionada a saude, que reflete as capacidades funcionais dos
sistemas respiratorio, cardiovascular e musculoesquelético (ACSM, 2014).

O padrdo ouro para avaliacdo da ACR é a obtencdo do consumo maximo de
oxigénio (VO, max) (ATS, 2003) que reflete a maxima capacidade em absorver, transportar e
consumir o oxigénio (WASSERMAN, 2012). O VO, max é representado por um platé no
grafico de VO, versus trabalho; entretanto, em testes clinicos, um platd pode ndo ser
encontrado antes que outros sintomas (como frequéncia cardiaca ou volume sistélico) levem a
interrupcao do exercicio (ATS, 2003). Por isso, de maneira pratica, 0 VO, méax é considerado
sinbnimo do VO, pico, ou seja, € equivalente ao maior valor de VO, obtido no pico do
esforco (ATS, 2003; HERDY & CAIXETA, 2016).

Os principais determinantes do VO, pico sdo os fatores genéticos, a quantidade de
massa muscular, a idade, o sexo e o peso corporal, além de poder ser afetado pelo treinamento
(ATS, 2003). O mesmo pode ser avaliado através da medida direta dos gases exalados ou por
equacdes de predicdo pré-estabelecidas.

A mensuracdo direta do VO, pico envolve laboratérios especializados com
equipamentos de alto custo e profissionais especializados (teste de esfor¢o cardiopulmonar-
TECP), o0 que nem sempre estd disponivel na prética clinica (ACSM, 2003). Diante disso,
testes de campo sdo cada vez mais utilizados para avaliagdo da ACR, como o Incremental
Shuttle Walking Test (ISWT).

O ISWT foi desenvolvido por Singh et al. em 1992 para avaliar a ACR de
portadores de doenca pulmonar obstrutiva crénica. Trata-se de um teste simples no qual o
individuo deve caminhar/correr em terreno plano uma distancia conhecida de 10 metros, ao
redor de uma marcacdo de dois cones. Originalmente o teste € composto por 12 estagios de 1
minuto, sendo que o ritmo da passada € ditado por sinais sonoros que vao se tornando mais
préximos a cada estagio, levando o voluntério a caminhar em uma velocidade cada vez maior
para alcancar o proximo cone antes ou junto do préximo sinal, impondo um esforco
progressivo (SINGH et al., 1992).

Ressalta-se que a avaliacdo da ACR tem sido frequentemente realizada tanto na

pratica clinica quanto em investigacGes cientificas, com o intuito de fornecer parametros para
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a prescricédo e elaboracdo de programas de exercicios (PALANGE et al., 2007; ATS, 2006).
Nesse contexto, o ISWT pode ser uma ferramenta simples e barata para a avaliacdo da ACR
em diferentes populacgdes.

A caracteristica incremental do ISWT explica as fortes correlagdes encontradas
entre esse teste e 0 TECP em pacientes com doencas cardiopulmonares (SINGH et al., 1994;
MORALES et al., 2000; ONORATI et al., 2003;) e individuos saudaveis (DOURADO et al.,
2011; NEVES et al., 2015). Além disso, alguns estudos demonstraram que o ISWT é um teste
maximo para criancas e idosos (DOURADO et al., 2013; LANZA et al., 2015; PINHO et al.,
2015; VARDHAN et al. 2017).

Recentemente, nosso grupo de pesquisa demonstrou que em homens jovens saudaveis
o ISWT foi capaz de promover respostas cardiorrespiratorias maximas. Ainda, foi
desenvolvida uma equacdo de predicdo do VO, pico que demonstrou viabilidade para sua
avaliacdo, com base em varidveis obtidas durante o ISWT (NEVES et al., 2015). Porém, uma
limitag&o desse estudo foi ndo incluir mulheres na amostra.

Considerando que os valores de VO, para mulheres representam cerca de 70% da
média dos valores para homens (NUNES et al., 2005), a investigacdo do comportamento do
VO, durante o ISWT na populagdo feminina é valida e necessaria. Os poucos estudos
publicados avaliaram apenas mulheres obesas (PEIXOTO-SOUZA et al., 2015;
JURGENSEN et al., 2016), permanecendo uma lacuna na literatura sobre o ISWT em
mulheres saudaveis.

Diante disso, 0 objetivo deste estudo foi avaliar a ACR de mulheres jovens
saudaveis durante o TECP e o ISWT através da medida direta dos gases exalados, a fim de
classificar a intensidade do ISWT e elaborar uma equacdo de predi¢do para o VO, pico para

essa populacéo.
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Abstract
Introduction: The Incremental Shuttle Walking Test (ISWT), have been suggested as a good

option for evaluating cardiorespiratory fitness in the healthy population. It is already known
that in men the ISWT is a maximum test, but in women there is still this gap. Thus, this study
aimed to compare the ISWT with the cardiopulmonary exercise testing (CEPT) and to
develop an equation for peak oxygen uptake (VO, peak) prediction in healthy women.
Methods: In the first stage, the VO, peak, respiratory exchange ratio (R peak), heart rate max
(HR max) and percentage of predicted HR max (% predicted HR max) were evaluated in
CEPT and ISWT. In the second stage, an equation was elaborated (n = 54) to predict the VO,
peak. In the third, the validation of this equation was performed by another 20 participants.
Results: There were no significant differences between the ISWT and CEPT for VO, peak,
HR max and % predicted HR max values (P>0.05), except for R peak measure that was
1.22(0.13) in ISWT vs. 1.18(0.1) in CEPT (P=0.022). Therefore, both tests showed a
moderate positive correlation for VO, peak (r=0.51; P=0.0007), HR max (r=0.65; P<0.0001)
and R peak (r=0.55; P=0.0002) and the Bland-Altman analysis demonstrated agreement for
VO, peak (bias = -0.14). The distance walked on ISWT and age explained 36.3% (R?
Adjusted= 0.363) of the variance in VO, peak. The equation was VO2 peak (predicted) =
19.793 + (0.02 x distance walked) - (0.236 x age).There was no statistically significant
difference between VO, peak measured directly with that estimated by the elaborated
equation and the Bland-Altman analysis showed an agreement with a bias of 1.5 ml/kg/min.
Conclusion: ISWT is a maximal test showing similar results as the CEPT, and the predicted
equation is valid and applicable for evaluation of VO, peak in young healthy women.

Keywords: Incremental Shuttle Walking Test, VO, peak, women.
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Introduction

Cardiorespiratory fitness (CRF) is defined as the ability to sustain dynamic exercise by
large muscle groups over time at moderate to high intensity levels [1]. Furthermore, CRF
have been used to measure exercise capacity and provide information about physical
limitation, morbidity prognosis, and responsiveness to treatment [2]. The current gold
standard for the evaluation of CRF is the direct measurement of maximal oxygen uptake
(VO,max) which represents the maximal achievable level of oxidative metabolism involving
large muscle groups [3]. However, in clinical testing situations, the exercise usually is limited
by symptoms before the individual achieve the VO,max. Consequently, VO, peak is often

used as an estimate for VO,max and they are used interchangeably [3].

The laboratory assessment of CRF through maximal tests on treadmills or cycle
ergometers (cardiopulmonary exercise testing-CEPT) has a high cost [4] and require
specialized professionals and equipments that is not always available [5]. Thus, field tests
were developed and have been increasingly used in clinical practice, such as the Six-minute
walk test and the Incremental Shuttle Walking Test (ISWT). ISWT was created by Singh et al.
[6] to assess the CRF of patients with chronic pulmonary obstructive disease (COPD) and
later used in other conditions or healthy subjects [7, 8, 9, 10, 11].

Several studies had already shown strong correlations between the performance on
CEPT and ISWT [5, 12, 13, 14]. Some studies have showed that the ISWT is a maximal test
in the pediatric and elderly population [15, 16, 17, 18], however the intensity of ISWT was
often indirectly assessed by predictive equations [15, 16, 17]. Hence, our study group
compared cardiorespiratory responses between ISWT and CEPT in healthy young adult men
[14] and adolescent boys (data not published), where the results showed moderate to high

significant correlation and agreement, concluding that the ISWT is a maximal test in these
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subjects. In addition, a VO, peak prediction equation based on ISWT variables was developed
and it demonstrated feasibility and validity [14]. However, this study did not include women

in the assessments, remaining a gap in the literature about the ISWT in healthy women.

In this paper, we evaluate the CRF in healthy young women by comparing and
correlating VO, peak, respiratory quotient peak (R peak), maximum heart rate (HR max) and
percentage of predicted maximum heart rate (% predicted HR max), between ISWT with
CEPT through direct analysis of the exhaled gases, aiming to classify the ISWT intensity and

to elaborate a predictive equation to estimate the VO, peak in young adult women population.

Materials and methods

Design

This was a cross-sectional study divided into three stages: (1) To compare the CEPT
and the ISWT, evaluate the correlation and agreement between the variables VO, peak, R
peak, HR max and % predicted HR max, as well as determine the ISWT intensity in the
female population; (2) To elaborate an equation to predict the VO, peak; and (3) validate the
equation. The sample size was calculated using the statistical program G.Power 3.1 and was
based on the relationship between the number of variables to be included in the multiple
regression analysis and the minimum number of observations required, considering an effect
size of 0.68 and power of 0.99, it was necessary 54 volunteers in order to develop a linear
model containing up to 4 variables [14]. To validate the equation, another 20 volunteers were

required [14].

Subjects
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Women between 18 and 45 years of age were recruited by convenience from
Diamantina city, Minas Gerais state, Brazil. The inclusion criteria were: self-report of no
acute or chronic diseases; eutrophic according to the body mass index (BMI between 18.5 and
24.9 kg/m?2); no smoker; sedentary (not performing physical activity for 30 minutes or more at
least three times a week) [19]. The participants were excluded from the study if did not reach
the maximal test values on the treadmill (% predicted HR max higher than 90%) and those
who failed to understand the tests. This study was approved by the Ethics and Research
Committee of Universidade Federal dos Vales do Jequitinhonha e Mucuri, Brazil (protocol
1.184.419/2015) and conducted in accordance with the Resolution N° 466/12 of the National
Health Council and the Declaration of Helsink. The participants were informed about the
procedures and potential risks associated with the study and all gave written informed

consent.

Assessment of cardiorespiratory fitness

To evaluate the cardiorespiratory fitness, all participants were instructed to avoid
physical activity and intake caffeine and alcohol in the 24 h prior to the test, to get at least 8
hours of sleep the night before, to eat a light meal and to ingest 500 ml of water two hours
before the tests [19]. During all tests performed, the exhaled gases were collected and
assessed by a portable telemetric gas analysis system (K4b2, Cosmed, Rome, Italy). Among
other variables, VO,, R and HR breath-by-breath were monitored. The data were tabulated
and was defined as VO, peak and R peak the highest value of these measures at peak effort
[20]. Predicted HR max was calculated by the equation HR max = 220 — age [21].

The first phase of the study was performed on three consecutive days. On the first day,
the anthropometric variables weight, height and BMI, were measured and a familiarization
was performed. On subsequent days, the CEPT or the ISWT was performed by

randomization.
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The ISWT was performed in a 10-m course identified by two cones placed 0.5 m from
each end point, with an initial speed of 0.5 m/s, increasing 0.17 m/s every minute. The
protocol used was composed of 15 stages of 1 min, to prevent the ceiling effect [10, 22] and
the walking speed was dictated by a sound [6]. The test was interrupted if the volunteer did
not reach the cone once, at the request of the volunteer or for some other reported symptom
(dyspnea, dizziness, vertigo, and angina). The CEPT protocol was based on the progression of
the ISWT, with the same initial speed and the same speed increase every minute, without
changing the incline of the treadmill. The criteria for interrupting the CEPT was systolic
blood pressure (SBP) greater than 210 mm Hg; diastolic blood pressure greater than 120 mm
Hg; sustained decrease in SBP; angina; dyspnea; cyanosis; nausea; dizziness; or by
volunteer's request [19].

In the second and third stage, the participants performed two ISWT with an interval of
30 minutes between then [23] and the results of the test with the longest walking distance
were used for the statistical analysis. To validate the equation, a different group of women
was selected according to the same inclusion criteria of the study. The VO, peak obtained by

the gas analyzer was compared with the VO, peak predicted by the elaborated equation.
Statistical analysis

Statistical analysis was performed with the Statistical Package for Social Sciences
programs version 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.0 (Inc., USA).
Data were presented as mean (standard deviation). In the first stage the normality of the data
was calculated by Shapiro-Wilk test. As the data presented normal distribution, the
comparison between the means of the physiological variables evaluated (VO, peak, R peak,
HR max and % predicted HR max) were performed using Paired T-test. The correlation

analysis of the variables collected was performed by Pearson’s correlation. The agreement of



118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

23

the variables collected was performed by the Bland-Altman analysis. In the second stage, the
Kolmogorov-Smirnov test was used, and the analysis of multiple linear regression was
performed with the variables age, weight, height and distance walked defined a priori to
elaborate the VO, peak prediction equation. For the validation of the equation, the Shapiro-
Wilk test was performed and then the paired T-test to compare the mean values of the VO,
peak values obtained by the equation with those obtained by the analyzer of gases. In
addition, the comparison

between the women of first and third stages were realized using the Independent test t or
Mann-Whitney test, according of normality of data. The level of statistical significance

adopted was P <0.05.

Results

First stage: Comparison between CEPT and ISWT

The general characteristics of the participants of first and second stage and their

performance on ISWT are showed in table 1.

Table 1. General characteristics of participants study.

Variable N=>54

Age (years) 26.41+ 5.6 (24.89-27.92)
Weight (kg) 56.56 + 9.1 (54.08-59.05)
Height (m) 1.63+£0.1(1.608-1.641)

BMI (kg/m?2) 21.86 + 1.8 (21.38-22.33)
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141

142
143
144

Distance walked (m)

Walking speed (m/s)

821.10 + 118.9 (788.7-853.6)

2.06 £ 0.2 (2.013-2.104)

The data is presented as mean £ SD (95% CI). BMI = body mass index.

Forty volunteers performed both ISWT and CEPT and their cardiorespiratory

24

responses are presented in table 2. There was no statistically significant difference for any of

the variables, except for the R peak, which was higher in the ISWT. According to the

percentage of predicted HR max (above 90%) and R peak (> 1.1), the ISWT could be

considered a test of maximum intensity [14, 24, 25]. Blood pressure and heart rate were

monitored during all tests and there were no intercurrences.

Table 2. Comparison between the cardiorespiratory variables obtained in the ISWT and

in the CEPT.
Outcome Groups Comparison between
interventions
ISWT CEPT P-value
(n =40) (n =40)
VO, peak (mL/kg/min) ~ 30.20(4.78) 30.35(4.81) 0.842
R peak 1.22(0.13)  1.18(0.1) 0.022*
HR max (bpm) 187.6(9.26) 186.7(9.63)  0.460
Predicted HR max (%) 97.25(4.51) 96.77(4.69) 0.463

The data is presented as mean (SD). *P<0.05. ISWT = Incremental Shuttle Walking Test; CEPT=

cardiopulmonary exercise test; VO, = oxygen uptake; R = respiratory exchange ratio; HR = heart rate; Paired-t

test.
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145 Significant correlations were found for the variables VO, peak, HR max and R peak
146  (Fig 1). The Bland-Altman analysis also demonstrated agreement between the VO, peak in the

147  ISWT and in the CEPT (Fig 2).
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150 Fig 1. Correlation between (A) VO, peak, (B) HR max and (C) R peak in the ISWT and
151 the CEPT. ISWT = Incremental Shuttle Walking Test; CEPT= cardiopulmonary exercise

152  test; VO, = oxygen uptake; HR max = maximum heart rate; R = respiratory exchange ratio.
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Fig 2. Bland-Altman agreement of VO, peak in the ISWT and the CEPT. ISWT =
Incremental Shuttle Walking Test; CEPT= cardiopulmonary exercise test; VO, = oxygen

uptake.
Second stage: Reference equation for VO, peak

The univariate analysis was performed with the variables age, weight, heightand
distance walked (N=54). A model of stepwise linear multiple regressions showed distance
walked on ISWT and age explained 36.3% (Adjusted R Square = 0.363) of the variance in
VO, peak. The reference equation for the VO, peak in the ISWT was:

VO, peak (predicted) = 19.793 + (0.02 x distance walked) - (0.236 x age)
Third stage: Validation of the reference equation

The characteristics of the volunteers who participated in the equation validation are

present in table 3.

Table 3. General characteristics of the study participants.

Variable N=20

Age (years) 25.85 £ 5.6 (23,24-28,46)
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Weight (kg) 55.84 +5.7 (53.16-58.51)
Height (m) 1.62 + 0.04 (1.594-1.638)
BMI (kg/m?) 21.34 + 1.5 (20.61-22.07)
Distance walked (m) 865 + 100.2 (818.1-911.9)
Walking speed (m/s) 2.11 £ 0.14 (2.049-2.181)

The data is presented as mean £ SD (95% CI). BMI = body mass index.

There was no statistically significant difference between the participants of equation
elaboration and validation for age, weight, height, BMI, Distance walked and Walking speed

(P>0.05; data not show).

When the reference equation was applied in this group, there was no statistically
significant difference of the VO, peak obtained by the use of the gold standard method in
comparison to that obtained by the equation [32.50 (5.6) mL/kg/min and 30.99 (2.6) mL/ kg/
min, respectively; p = 0.178)]. It was possible to verify the agreement between these measures
by the Bland-Altman method, in which a bias of 1.5 mL/kg/min was observed, representing a

difference of 3.6% between the ways of measuring VO, peak (Fig 3).
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Fig 3. Bland-Altman agreement of VO, peak in the validation of the reference equation.
ISWT = Incremental Shuttle Walking Test; CEPT= cardiopulmonary exercise test; VO, =

oxygen uptake.

Discussion

In the present study it was observed that the direct VO, peak measurement was
concordant between the CEPT and the ISWT and that ISWT was a maximum test in the
young healthy women population. Considering that the direct analysis of VO, is not feasible
for clinical practice, an equation was elaborated and validated to estimate this measure. The
distance walked on ISWT and age were the variables that composed the equation.
Furthermore, there was agreement between VO, peak measured directly and that estimated by

the elaborated equation, indicating its validity and applicability in this population.

In the last years the ISWT has been applying in the healthy population [10, 11, 18, 26].
However, as far as we know, this is the first study that a comparison between CEPT and
ISWT was performed in healthy young women. Initial investigations were carried out in
patients with COPD, cystic fibrosis and chronic heart failure, showing strong and significant

correlations for VO, peak of CEPT and ISWT [7, 9, 12].

In a study recently published by our research group, male healthy adults showed HR
max, VO, peak and R peak values with strong and significant correlations and agreement
between the ISWT and the CEPT, with ISWT being a maximal test for this population [14].
Considering that the maximum VO, values for women are about 70% of the average values
for men [27] and that is not known whether ISTW is a maximum test for healthy young

women, we initially investigated the intensity of ISTW.
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Since the values of HR max above 90% of predicted and R peak > 1.1 [14, 24, 25], we
establish that this is a maximum test for this population, and similar VO, peak results were
found between CEPT and ISWT. Further tests carried out with patients with cardiopulmonary
diseases concurred with our findings [6, 12, 28, 29]. However, data on the validity of the
ISWT to evaluate VO, peak in healthy individuals are scarce in the literature [18]. Gongalves
et. al [30], studying subjects of both sexs, different age (> 18 years old), who presented
comorbidities such as arterial hypertension, peripheral vascular disease, arthritis and
cardiopathies, also concluded that ISWT above 12 levels requires maximum effort in these
individuals.

As the direct analysis of the exhaled gases has a high cost, the use of prediction
equations becomes more applicable due to the feasibility and low cost. Considering our results
that ISTW is a maximum test to healthy women, its usefulness is reinforced as a simple way
of measuring CRF. In this context, an equation was then elaborated for the prediction of VO,

peak in ISTW.

In our study, age and distance walked accounted for more than 30% of VO, peak
variance. In the literature it is reported that beyond gender, other factors that influence VO,
peak as genetic factors, age, weight, and training [31]. Findings similar to our study were
found in obese women, where there was a significant correlation between the VO, peak in the
cardiopulmonary exercise test with the ISWT VO, peak and the ISWT distance [5]. In this
same study, the variables age and distance walked by the ISWT explained the predictive
model for the VO, peak.

Only two other studies have published a reference equation for VO, peak using ISWT,
highlighting the variables distance and body mass in the prediction [11, 32]. In the study of
Dourado et. al [11] the distance in the ISWT was selected, the maximum walking velocity,

and distance in the ISWT x body mass as the only determinants of the peak VO,. This is
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consistent with the variables selected in our study. However, they did not compare to another
cardiopulmonary exercise test, nor did they validate the equation.

As age is a determining factor for VO, peak, it is important to highlight that several
studies have used the ISWT in the older population [10, 11, 22, 23, 26] or in children and
adolescents [15-17], and some evaluated stratifying age groups [2, 30]. Due to the influence
of cardiorespiratory fitness on functional independence, there is great interest in describing
age-related changes in maximum oxygen consumption. Evidences support a 10% per decade
decline in VO, max in men and women regardless of activity level [33]. For all the facts
reported, it makes sense for age to be a predictor of VO, peak in the elaborated equation.

Our study presents differentials when proposing a prediction equation for VO, peak,
the main variable for evaluation of cardiorespiratory fitness [19, 34], since most of the studies
with ISWT focus on the prediction of walking distance [2, 10, 15, 17, 22, 23]. In addition,
those who did the VO, peak prediction equation for women did not validate it [5, 11]. The
equation developed in this study was validated in other volunteers and the VO, peak values
obtained by the equation and the values of VO, peak obtained by the gas analyzer were
similar, indicating that the application of the equation is feasible to estimate the VO, peak of
the chosen population.

The limitation of the study was the level of physical activity having been self-reported,

but this strategy is adopted in scientific studies [35, 36].

Conclusion

The Incremental Shuttle Walking Test was concordant with the CEPT, requiring
maximum effort in young health women. The elaborated equation is valid and applicable,
being a simple and inexpensive tool to evaluate the cardiorespiratory fitness in the study

population.
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Pesquisador: VANESSA A MENDONCA

Area Temdtica:

Versao: 2
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Instituigao Proponente: Universidade Federal deos Vales do Jequitinhonha & Mucuri

Patrocinador Principal: Financiamento Proprio

DADOS DO FARECER

Mumero do Parecer: 1.184.419
Data da Relatoria: 24082015

Apresentagio do Projeto:

A avaliagio da aptidio cardicmespiratdria (ACR) tem sido comumente realizada com o objetivo de fornecer
informagdes acerca da tolerdncia reduzida ao exercicio em diversas condigbes patologicas, bem como
fornecer parametros para a prescrigdo e elaboragio de um programa de exercicios. Dentre os diversos
testes de campo para avaliagio da ACR de pasientes cardiopulmonares, destaca-se o Shutile Walking Test
[SWT). um teste estrutura incremental & progressiva. com a passada ditada externamente. & aplicag3o do
SWT com intuito de avaliar a ACR em individuos

saudaveis tem sido implementada nos dltimes anos, no entanto, a aplicagdo deste em mulheres saudaveis
ainda & pouco conhecida e a intensidade do exercicio ainda n3o estd bem estabelecida. Sendo assim, este
projeto tem como objetive avaliar a ACR durante o Shuttle Walking Test em mulheres saudaveis. Metodos:
Serao convidadas a participar desse estudo 532 mulheres adultas, saudaveis, sedentarias, com idade entre
18-45 anos. Cada voluntaria passara pelas trés etapas do estudo, sendo elas: (1) avaliagio da composico
corporal e familiarizagde; (2) avaliagdo da ACR por meio de teste incremental em esteira & (3) avaliagio da
ACR por meio do SWT. A ordem de realizagdo das etapas 2 e 3 sera aleatdria e balanceada. Durante
ambos os testes o consumo maximo de oxigénio (V02 max) sera continuamente monitorado pelo analisador

de gases. Alem
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disso, antes, durante & apds os testes serdo avaliadas & monitoradas a percepgdo subjetiva do esforgo, a
pressao arterial e a frequéncia cardiaca maxima. Durante o SWT serdo registradas as etapas e voltas
alcangadas no teste para calculo da distincia percomrida. Resultados esperados: Espera-se gque o SWT
produza respostas cardiomespiratorias maximas e gue a equagdo de referdncia sera viavel para a predigdo
do WO 2 pico de mulheres saudaveis.

Objetivo da Pesquisa:

Objetivo Primaric:

Avaliar a aptid3o cardiorrespiratoria durante o Shuftle Walking Test em mulheres saudaveis.

Objetivo Secundarnia:

Comparar o consumo pico de oxigénio (VO02max), o quociente respiratorio pico [Rpico) & a frequéncia
cardiaca maxima mensurados durante o Shuttle Walking Test com teste incremental em esteira em
mulheres saudaveis. - Verificar se ha correlagdo e concorddncia entre varidveis cardiorrespiratdrias
(VO 2pico, B pico & FC max) mensuradas durante o Shuttle Walking Test e teste incremental em esteira em
mulheres saudaveis.- Propor equagic matematica que permita estimar o consume pico de cxigénio a partir

do Shuttle Walking Test em mulheres saudaveis.

Avaliagao dos Riscos e Beneficios:

Adequados. Os pesquisadores afirmam que como as voluntarias realizardo dois testes progressivos, apos a
realizagio dos mesmos, elas podem estar sujeitas a riscos relacicnados a pratica de atividade fisica como
tonturas, dispneia, cansacgo intenso e fadiga muscular. Entretanto, tais sintomas =30 minimizados com o
repouso apds a

realizagdo do teste. A press3o arterial e a freqliéncia cardiaca ser3o monitoradas continuamente antes,
durante & apos o teste. Para recuperagio as mesmas serdo orentados a permanecer sentadas, mantendo-
se a fregiéncia respirataria em padrio fisiologico. Caso haja dor muscular apos o teste, essa podera ter
duragio de até 03 dias. Para isso, para reduzir o sintoma, as voluntarias serdo orientadas a aplicar bolsa de
gelo no local da dor, durante 30 minutes. Deve-se ressaltar que havera controle da realizagdo dos
procedimentos, os pesguisadores serao treinados previamente, os equipamentos s3o modernos e havera
tambem controle dos dades vitais da voluntaria, diminuinds assim a probabilidade de intercorréncias para os
mesmos durante o teste. Também sera permitida a interupgdc do procedimento se necessario. Todo o
material utilizado sera devidamente higienizade e desinfetado. Os testes serdao aplicados por um
pesquisador devidamente treinado, uma vez que segundo as Diretrizes do American College of Sponts

Medicine (ACSM, 20032), a supervizdo meédica em testes maximos e submaximos para pacientes de baixe
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risco sao desnecessarics. De forma a minimizar o= riscos, como estabelecido pelos critérios de inclusio do
estudo, somente serdo incluidas as voluntirias gue se enquadrarem na categoria de baixo risco, como
demonstrado adiante: -Pacientes com baixo risco: sujeitos 45 anos de idade, que s3o

assintomaticos e ndo satisfazem mais de um limiar dos fatores de risco (ACSM, 2003). Incluem-se como
fatores de risco: -Histdria familiar: Infarto agudo do miocardio, revascularizagdo coronariana ou morte sibita
antes dos 55 anos de idade no pai ou em outre parente masculing de primeire graw, ou antes de 65 anos de
idade na mas ou em outro parente feminino de primeiroc grau; -Fumo de cigamos: fumante atual de cigamos
ou agueles gue deixaram de fazé-lo no transcorrer dos 8 meses precedentes; Hipertensao: PAS = 140
mmHg ocuw PAD > 80 mmHg, confimadas por 2 mens,uragﬁes ou peor utilizagﬁu medicamentosa; -Obesidade:
(IMC > 30, ou circunferéncia cintura > 102 em em homens e B& cm em mulheres); - Sedentarismo. Para
garantir a seguranga do voluntario, os testes serdo realizados em um local onde uma rapida e apropriada
resposta emergencial possa ser realizada. Mo ambiente das avaliagies estara disponivel uma fonte de
oxigénio (via cateter nasal). Caso necessario, imediataments apds alguma intercorméncia sera acionado por
telefone o senvigo de emergéncia do SAMU. Contudo, deve-se ressaltar que as avaliagdes propostas ja
foram realizadas em estudos antericres do mosso grupo de pesquisa, os quais foram publicados na
literatura, relatando auséncia de intercorréncias (Meves et al., 2015).

Como beneficios, os pesguisadores apontam o conhecimento da atual aptidio fisica da voluntaria, a
utilizagdo dos dados das avaliaghes realizadas (composigio corporal e aptidio cardiomespiratoria) para
auxiliar na elaboragio de um programa de exercicios, bem como a motivagio para o inicio da atividade
fisica. Para a comunidade cientifica, espera-se que os achados do presente projeto possam contribuir
para um melhor entendiments sobre a real intensidade do SWT em mulheres saudaveis, promovends

informagies que auxiliem futuros estudos.

Comentarios e Consideragoes sobre a Pesquisa:

A avaliagio da aptid3o cardiorrespiratoria consistird da realizagio de dois testes cardiommespiratérios, um
teste incremental na esteira & um teste de campo de caminhada (Shuttle Walking Test - SWT). Durante
ambos os testes o consumo (captagdo, ransporte & utilizagdo de oxigénio) maximo de oxigénio (WVO2 max)
sera continuamente monitorado atraves da espiromefria de circuito aberio, pelo sistema de telemetria do
analisador de gases K4b2 (COSMED). Para isso, as voluntaras irdo respirar utilizando uma mascara facial e

portardo de um colete que contem a
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umidade do eguipamemntz. Shuttle Walking Test: O SWT consiste em caminhar em terreno plano percorrendo
de maneira repetida uma distincia conhecida de 10 metros, ao redor de uma marcagio de dois cones,
separados a3 uma distancia de & metros. A velocidade da caminhada & ditada por um sinal sonoro, onde a
sonorizagio aclstica Unica indica o tempo em gue o paciente deve percomer a distincia predeterminada,
alcangar o cone e mudar de

diregio retornando ao outro cone, enquante que a sinalizagdo aclstica tripla indica a necessidade de
aumentar a velocidade para percormer a distancia entre os cones. Durante o teste, os sinais sonoros vao se
tormando mais proximos a cada minuto, levando a voluntaria a caminhar em uma velocidade cada vez maior.
A velocidade inicial & de 0.5 m/s & aumenta em 0,17 m's a cada minuto, com a duragdo maxima de 15
minutos. Mio sio permitidas pausas durante o teste. de forma gque & voluntara permanega marchando no
lugar até ouvir o proximo simal sonoro & reiniciar a

caminhada. A prova chegava ao fim caso o individuo ndo seja capaz de alcangar por uma vez o cone ou se
o mesmo desejar interromper a prova per sintomas (fadiga, cansago, vertigem, tontura) podendo ser
desencadeados aoc aumentar a velocidade da caminhada. Trata- se. portanto, de uma prova incremental
com estigios de até 15 niveis de velocidads. Serdo registradas as etapas = voltas alcangadas no teste para
calculo da distdncia percorrida, além da press3o arterial (FA) no inicio e final do teste & a freqgiéncia
cardiaca (FC) a cada mudanga de nivel de velocidade. Teste Incremental na Esteira: O protocolo utilizado
no teste incremental na esteira sera baseado na progressio do SWT, sendo composto por estagios de 1
minuto, com incrementos da velocidade a cada minuto, sem auments da inclinagio da esteira. A velocidade
inicial sera de 0,5 m/s com acréscimos de 0,17 mis a cada estagio. nicialmente a voluntaria sera mantida em
repouse, sentada por 10 minutos. Serfo medidas FC, PA & percepgio

subjetiva do esforgo (PSE). A percepgdo subjetiva do esforco serd avaliada pela escala de Borg que
classifica a intensidade do exercicio em uma escala de 6§ a 20, variando de muits, muito leve a muito, muito
difizil. Todas as medidas serdo realizadas no repouso. ao final de cada estagio & na recuperagdo. Apds o
repouso inicial, & voluntaria serd orientada sobre o teste e postericrments posicionado na esteira para
realizagdo do mesmo. Durante todo o teste a woluntaria serad questionada quanto & sintomatologia e
possibilidade de dar confinuidade ao procedimento. Aumento da PA sistolica [PAS) acima de 210 mmHg, da
PA diastdlica (PAD) acima de 120 mmHg, gueda sustentada da PAS, angina, dispnéia, cianocse, palidez,
nausea, tontura, vista turva, desejo da voluntaria, fadiga, claudicagio, cdimbra, PSE através do Borg acima
de 18 & FC acima de 80% da FC méx prevista para a idade (220 - idade) serdo os critérios para intermupgio
do teste (ACEM,
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2003). Assim gue concluido o teste, a voluntaria realizara a recuperagio ativa (05 minutos de caminhada em
baiza velocidade) & passiva (05 minutos de repouso sentada).

Consideragoes sobre os Termos de apresentagio obrigatoria:

Foi apresentado o Projeto de Pesguisa, Folha de Rosto, Cronograma, TCLE e carta de concordancia dos
setores com assinatura dos responsaveis. O TCLE esta adequado (informagdes necessarias para os
sujeitos da pesquisa, linguagem acessivel & contato do CEP/UFVIM atualizade, conforme a Resolugio
488/12).

Recomendagdes:

- Segundo a Carta Circular n®. 0037201 1/CONEP/CHNS, de 21/03/11, ha obrigatoriedade de rubrica em todas
as paginas do TCLE pelo sujeito de pesquisa ou seu responsavel e pelo pesquisador, gue devera tambem
apor sua assinatura na dltima pagina do referido termo.

- Relatorio final deve ser apresentado ao CEP ao términe do estudo em 3W09/2018. Considera-se como
antiética a pesquisa descontinuada sem justificativa aceita pelo CEF que a aprovou.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

O projeto atende aos preceitos eticos para pesquisas enveolvendo seres humanos preconizados na
Resolugio 486/12 CMSE.

Situagio do Parecer:

Aprovado

Mecessita Apreciagio da CONEP:

Mao

Consideragoes Finais a critério do CEP:

DIAMANTINA, 13 de Agosto de 20135

Assinado por:
Disney Oliver Sivier Junior
(Coordenador]
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ANEXO B- NORMAS PARA SUBMISSAO REVISTA PLOS ONE

Style and Format

File format

Length

Font

Headings

Manuscript files can be in the following formats: DOC, DOCX, or RTF. Microsoft
Word documents should not be locked or protected.

LaTeX manuscripts must be submitted as PDFs. Read the LaTeX guidelines.

Manuscripts can be any length. There are no restrictions on word count, number of
figures, or amount of supporting information.

We encourage you to present and discuss your findings concisely.

Use a standard font size and any standard font, except for the font named “Symbol”.
To add symbols to the manuscript, use the Insert — Symbol function in your word
processor or paste in the appropriate Unicode character.

Limit manuscript sections and sub-sections to 3 heading levels. Make sure heading
levels are clearly indicated in the manuscript text.

Layout and Manuscript text should be double-spaced.

spacing

Page and line
numbers
Footnotes

Language

Abbreviations

Do not format text in multiple columns.

Include page numbers and line numbers in the manuscript file. Use continuous line
numbers (do not restart the numbering on each page).

Footnotes are not permitted. If your manuscript contains footnotes, move the
information into the main text or the reference list, depending on the content.

Manuscripts must be submitted in English.

You may submit translations of the manuscript or abstract as supporting
information. Read the supporting information guidelines.

Define abbreviations upon first appearance in the text.

Do not use non-standard abbreviations unless they appear at least three times in the
text.

Keep abbreviations to a minimum.

Reference style PLOS uses “Vancouver” style, as outlined in the ICMJE sample references.

Equations

See reference formatting examples and additional instructions below.

We recommend using MathType for display and inline equations, as it will provide the
most reliable outcome. If this is not possible, Equation Editor or
Microsoft's Insert—Equation function is acceptable.

Avoid using MathType, Equation Editor, or the Insert—Equation function to insert
single variables (e.g., “a®> + b?> = ¢?”), Greek or other symbols (e.g., B, A, or ' [prime]),
or mathematical operators (e.g., X, >, or £) in running text. Wherever possible, insert
single symbols as normal text with the correct Unicode (hex) values.

Do not use MathType, Equation Editor, or the Insert—Equation function for only a
portion of an equation. Rather, ensure that the entire equation is included. Equations
should not contain a mix of different equation tools. Avoid “hybrid” inline or display
equations, in which part is text and part is MathType, or part is MathType and part is
Equation Editor.


http://journals.plos.org/plosone/s/latex
http://journals.plos.org/plosone/s/supporting-information
http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://journals.plos.org/plosone/s/submission-guidelines#loc-references
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Manuscript Organization
Manuscripts should be organized as follows. Instructions for each element appear below the list.

Beginning  The following elements are required, in order:

section
o Title page: List title, authors, and affiliations as first page of manuscript
e Abstract
e Introduction
Middle The following elements can be renamed as needed and presented in any order:
section
o Materials and Methods
e Results
e Discussion
e Conclusions (optional)
Ending The following elements are required, in order:
section
e Acknowledgments
o References
e Supporting information captions (if applicable)
Other o Figure captions are inserted immediately after the first paragraph in which the
elements figure is cited. Figure files are uploaded separately.
o Tables are inserted immediately after the first paragraph in which they are
cited.

e Supporting information files are uploaded separately.

Viewing Figures and Supporting Information in the compiled submission PDF
The compiled submission PDF includes low-resolution preview images of the figures after the
reference list. The function of these previews is to allow you to download the entire submission as
quickly as possible. Click the link at the top of each preview page to download a high-resolution
version of each figure. Links to download Supporting Information files are also available after the
reference list.

Parts of a Submission

Title

Include a full title and a short title for the manuscript.

Title Length Guidelines Examples

Full 250 Specific, descriptive, concise, Impact of cigarette smoke exposure on innate
title  characters and comprehensible to readers
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outside the field immunity: A Caenorhabditis elegans model

Solar drinking water disinfection (SODIS) to
reduce childhood diarrhoea in rural Bolivia: A
cluster-randomized, controlled trial
Short 100 State the topic of the study Cigarette smoke exposure and innate immunity
title  characters
SODIS and childhood diarrhoea

Titles should be written in sentence case (only the first word of the text, proper nouns, and genus
names are capitalized). Avoid specialist abbreviations if possible. For clinical trials, systematic
reviews, or meta-analyses, the subtitle should include the study design.

Author list

Author names and affiliations

Enter author names on the title page of the manuscript and in the online submission system.
On the title page, write author names in the following order:

o  First name (or initials, if used)
e Middle name (or initials, if used)
e Last name (surname, family name)

Each author on the list must have an affiliation. The affiliation includes department, university, or
organizational affiliation and its location, including city, state/province (if applicable), and country.
Authors have the option to include a current address in addition to the address of their affiliation at the
time of the study. The current address should be listed in the byline and clearly labeled “current
address.” At a minimum, the address must include the author’s current institution, city, and country.

If an author has multiple affiliations, enter all affiliations on the title page only. In the submission
system, enter only the preferred or primary affiliation. Author affiliations will be listed in the typeset
PDF article in the same order that authors are listed in the submission.

Corresponding author

The submitting author is automatically designated as the corresponding author in the submission
system. The corresponding author is the primary contact for the journal office and the only author able
to view or change the manuscript while it is under editorial consideration.

The corresponding author role may be transferred to another coauthor. However, note that transferring
the corresponding author role also transfers access to the manuscript. (To designate a new
corresponding author while the manuscript is still under consideration, watch the video tutorial
below.)

Only one corresponding author can be designated in the submission system, but this does not restrict
the number of corresponding authors that may be listed on the article in the event of publication.
Whoever is designated as a corresponding author on the title page of the manuscript file will be listed
as such upon publication. Include an email address for each corresponding author listed on the title
page of the manuscript.
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Consortia and group authorship

If a manuscript is submitted on behalf of a consortium or group, include the consortium or group name
in the author list, and provide the full list of consortium or group members in the Acknowledgments
section. The consortium or group name should be listed in the manuscript file only, and not included
in the online submission form. Please be aware that as of October 2016, the National Library of
Medicine’s (NLM) policy has changed and PubMed will only index individuals and the names of
consortia or group authors listed in the author byline itself. Individual consortium or group author
members need to be listed in the author byline in order to be indexed, and if included in the byline,
must qualify for authorship according to our criteria.

Author contributions

Provide at minimum one contribution for each author in the submission system. Use the CRediT
taxonomy to describe each contribution. Read the policy and the full list of roles.

Contributions will be published with the final article, and they should accurately reflect contributions
to the work. The submitting author is responsible for completing this information at submission, and
we expect that all authors will have reviewed, discussed, and agreed to their individual contributions
ahead of this time.

PLOS ONE will contact all authors by email at submission to ensure that they are aware of the
submission.

Cover letter
Upload a cover letter as a separate file in the online system. The length limit is 1 page.
The cover letter should include the following information:

e Summarize the study’s contribution to the scientific literature

¢ Relate the study to previously published work

o Specify the type of article (for example, research article, systematic review, meta-analysis,
clinical trial)

e Describe any prior interactions with PLOS regarding the submitted manuscript

e Suggest appropriate Academic Editors to handle your manuscript (see the full list of Academic
Editors)

e List any opposed reviewers

Title page

The title, authors, and affiliations should all be included on a title page as the first page of the
manuscript file.

Abstract

The Abstract comes after the title page in the manuscript file. The abstract text is also entered in a
separate field in the submission system.

The Abstract should:

o Describe the main objective(s) of the study


http://journals.plos.org/plosone/s/authorship#loc-qualifying-for-authorship
http://journals.plos.org/plosone/s/authorship#loc-author-contributions
http://journals.plos.org/plosone/static/editorial-board
http://journals.plos.org/plosone/static/editorial-board
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e Explain how the study was done, including any model organisms used, without
methodological detail

e Summarize the most important results and their significance

e Not exceed 300 words

Abstracts should not include:

o Citations
o Abbreviations, if possible

Introduction

The introduction should:

o Provide background that puts the manuscript into context and allows readers outside the field
to understand the purpose and significance of the study

o Define the problem addressed and why it is important

e Include a brief review of the key literature

o Note any relevant controversies or disagreements in the field

e Conclude with a brief statement of the overall aim of the work and a comment about whether
that aim was achieved

Materials and Methods

The Materials and Methods section should provide enough detail to allow suitably skilled investigators
to fully replicate your study. Specific information and/or protocols for new methods should be
included in detail. If materials, methods, and protocols are well established, authors may cite articles
where those protocols are described in detail, but the submission should include sufficient information
to be understood independent of these references.

Protocol documents for clinical trials, observational studies, and other non-laboratory investigations
may be uploaded as supporting information. Read the supporting information guidelines for formatting
instructions. We recommend depositing laboratory protocols at protocols.io. Read detailed instructions
for depositing and sharing your laboratory protocols.

Human or animal subjects and/or tissue or field sampling

Methods sections describing research using human or animal subjects and/or tissue or field sampling
must include required ethics statements. See the reporting guidelines for human research, clinical
trials, animal research, and observational and field studies for more information.

Data

PLOS journals require authors to make all data underlying the findings described in their manuscript
fully available without restriction, with rare exception.

Large data sets, including raw data, may be deposited in an appropriate public repository. See our list
of recommended repositories.

For smaller data sets and certain data types, authors may provide their data within supporting
information files accompanying the manuscript. Authors should take care to maximize the


http://journals.plos.org/plosone/s/supporting-information
https://www.protocols.io/
http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols
http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols
http://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories
http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories
http://journals.plos.org/plosone/s/supporting-information
http://journals.plos.org/plosone/s/supporting-information
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accessibility and reusability of the data by selecting a file format from which data can be efficiently
extracted (for example, spreadsheets or flat files should be provided rather than PDFs when providing
tabulated data).

For more information on how best to provide data, read our policy on data availability. PLOS does not
accept references to “data not shown.”

Cell lines

Methods sections describing research using cell lines must state the origin of the cell lines used. See
the reporting guidelines for cell line research for more information.

Laboratory Protocols

To enhance the reproducibility of your results, we recommend and encourage you to deposit
laboratory protocols in protocols.io, where protocols can be assigned their own persistent digital object
identifiers (DOIs).

To include a link to a protocol in your article:

1. Describe your step-by-step protocol on protocols.io
2. Select Get DOI to issue your protocol a persistent digital object identifier (DOI)

3. Include the DOI link in the Methods section of your manuscript using the following format
provided by protocols.io: http://dx.doi.org/10.17504/protocols.io.[PROTOCOL DOI]

At this stage, your protocol is only visible to those with the link. This allows editors and reviewers to
consult your protocol when evaluating the manuscript. You can make your protocols public at any
time by selecting Publish on the protocols.io site. Any referenced protocol(s) will automatically be
made public when your article is published.

New taxon names

Methods sections of manuscripts adding new taxon names to the literature must follow the reporting
guidelines below for a new zoological taxon, botanical taxon, or fungal taxon.

Results, Discussion, Conclusions

These sections may all be separate, or may be combined to create a mixed Results/Discussion section
(commonly labeled “Results and Discussion’) or a mixed Discussion/Conclusions section (commonly
labeled “Discussion”). These sections may be further divided into subsections, each with a concise
subheading, as appropriate. These sections have no word limit, but the language should be clear and
concise.

Together, these sections should describe the results of the experiments, the interpretation of these
results, and the conclusions that can be drawn.

Authors should explain how the results relate to the hypothesis presented as the basis of the study and
provide a succinct explanation of the implications of the findings, particularly in relation to previous
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PLOS ONE editorial decisions do not rely on perceived significance or impact, so authors should
avoid overstating their conclusions. See the PLOS ONE Criteria for Publication for more information.
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In addition, outmoded terms and potentially stigmatizing labels should be changed to more current,
acceptable terminology. Examples: “Caucasian” should be changed to “white” or “of [Western]
European descent” (as appropriate); “cancer victims” should be changed to “patients with cancer.”

For papers that include identifying, or potentially identifying, information, authors must download
the Consent Form for Publication in a PLOS Journal, which the individual, parent, or guardian must
sign once they have read the paper and been informed about the terms of PLOS open-access license.
The signed consent form should not be submitted with the manuscript, but authors should securely file
it in the individual's case notes and the methods section of the manuscript should explicitly state that
consent authorization for publication is on file, using wording like:

The individual in this manuscript has given written informed consent (as outlined in PLOS consent
form) to publish these case details.

For more information about PLOS ONE policies regarding human subjects research, see
the Publication Criteria and Editorial Policies.

Clinical trials

Clinical trials are subject to all policies regarding human research. PLOS ONE follows the World
Health Organization's (WHO) definition of a clinical trial:

A clinical trial is any research study that prospectively assigns human participants or groups of
humans to one or more health-related interventions to evaluate the effects on health outcomes [...]
Interventions include but are not restricted to drugs, cells and other biological products, surgical
procedures, radiologic procedures, devices, behavioural treatments, process-of-care changes,
preventive care, etc.

All clinical trials must be registered in one of the publicly-accessible registries approved by
the WHO or ICMJE (International Committee of Medical Journal Editors). Authors must provide the
trial registration number. Prior disclosure of results on a clinical trial registry site will not affect
consideration for publication. We reserve the right to inform authors' institutions or ethics committees,
and to reject the manuscript, if we become aware of unregistered trials.

PLOS ONE supports prospective trial registration (i.e. before participant recruitment has begun) as
recommended by the ICMJE's clinical trial registration policy. Where trials were not publicly
registered before participant recruitment began, authors must:

o Register all related clinical trials and confirm they have done so in the Methods section
e Explain in the Methods the reason for failing to register before participant recruitment

Clinical trials must be reported according to the relevant reporting guidelines, i.e. CONSORT for
randomized controlled trials, TREND for non-randomized trials, and other specialized guidelines as
appropriate. The intervention should be described according to the requirements of the TIDieR
checklist and guide. Submissions must also include the study protocol as supporting information,
which will be published with the manuscript if accepted.

Authors of manuscripts describing the results of clinical trials must adhere to the CONSORT reporting
guidelines appropriate to their trial design, available on the CONSORT Statement web site. Before the
paper can enter peer review, authors must:

o Provide the registry name and number in the methods section of the manuscript
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e Provide a copy of the trial protocol as approved by the ethics committee and a
completed CONSORT checklist as supporting information (which will be published alongside
the paper, if accepted). This should be named S1 CONSORT Checklist.

e Include the CONSORT flow diagram as the manuscript's “Fig 1”

Any deviation from the trial protocol must be explained in the paper. Authors must explicitly discuss
informed consent in their paper, and we reserve the right to ask for a copy of the patient consent form.

The methods section must include the name of the registry, the registry number, and the URL of your
trial in the registry database for each location in which the trial is registered.

Animal research
Manuscripts reporting animal research must state in the Methods section:

e The full name of the relevant ethics committee that approved the work, and the associated
permit number(s).

e Where ethical approval is not required, the manuscript should include a clear statement of this
and the reason why. Provide any relevant regulations under which the study is exempt from
the requirement for approval.

e Relevant details of steps taken to ameliorate animal suffering.

Authors should always state the organism(s) studied in the Abstract. Where the study may be confused
as pertaining to clinical research, authors should also state the animal model in the title.

To maximize reproducibility and potential for re-use of data, we encourage authors to follow
the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines for all submissions
describing laboratory-based animal research and to upload a completed ARRIVE Guidelines
Checklist to be published as supporting information.

Non-human primates

Manuscripts describing research involving non-human primates must report details of husbandry and
animal welfare in accordance with the recommendations of the Weatherall report, The use of non-
human primates in research (PDF), including:

e Information about housing, feeding, and environmental enrichment.
o  Steps taken to minimize suffering, including use of anesthesia and method of sacrifice, if
appropriate.

Random source animals

Manuscripts describing studies that use random source (e.g. Class B dealer-sourced in the USA),
shelter, or stray animals will be subject to additional scrutiny and may be rejected if sufficient ethical
and scientific justification for the study design is lacking.

Unacceptable euthanasia methods and anesthetic agents
Manuscripts reporting use of a euthanasia method(s) classified as unacceptable by the American

Veterinary Medical Association or use of an anesthesia method(s) that is widely prohibited (e.g.,
chloral hydrate, ether, chloroform) must include at the time of initial submission, scientific
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justification for use in the specific study design, as well as confirmation of approval for specific use
from their animal research ethics committee. These manuscripts may be subject to additional ethics
considerations prior to publication.

Humane endpoints

Manuscripts reporting studies in which death of a regulated animal (vertebrate, cephalopod) is a likely
outcome or a planned experimental endpoint, must comprehensively report details of study design,
rationale for the approach, and methodology, including consideration of humane endpoints. This
applies to research that involves, for instance, assessment of survival, toxicity, longevity, terminal
disease, or high rates of incidental mortality.

Full details of humane endpoints use must be reported for a study to be reproducible and for the results
to be accurately interpreted.

For studies in which death of an animal is an outcome or a planned experimental endpoint, authors
should include the following information in the Methods section of the manuscript:

e The specific criteria (i.e. humane endpoints) used to determine when animals should be
euthanized.

e The duration of the experiment.

e The numbers of animals used, euthanized, and found dead (if any); the cause of death for all
animals.

e How frequently animal health and behavior were monitored.

o All animal welfare considerations taken, including efforts to minimize suffering and distress,
use of analgesics or anaesthetics, or special housing conditions.

If humane endpoints were not used, the manuscript should report:

e A scientific justification for the study design, including the reasons why humane endpoints
could not be used, and discussion of alternatives that were considered.

e Whether the institutional animal ethics committee specifically reviewed and approved the
anticipated mortality in the study design.

Observational and field studies

Methods sections for submissions reporting on any type of field study must include ethics statements
that specify:

o Permits and approvals obtained for the work, including the full name of the authority that
approved the study; if none were required, authors should explain why

o Whether the land accessed is privately owned or protected

o Whether any protected species were sampled

e Full details of animal husbandry, experimentation, and care/welfare, where relevant

Paleontology and archaeology research

Manuscripts reporting paleontology and archaeology research must include descriptions of methods
and specimens in sufficient detail to allow the work to be reproduced. Data sets supporting statistical
and phylogenetic analyses should be provided, preferably in a format that allows easy re-use. Read the

policy.
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Specimen numbers and complete repository information, including museum name and geographic
location, are required for publication. Locality information should be provided in the manuscript as
legally allowable, or a statement should be included giving details of the availability of such
information to qualified researchers.

If permits were required for any aspect of the work, details should be given of all permits that were
obtained, including the full name of the issuing authority. This should be accompanied by the
following statement:

All necessary permits were obtained for the described study, which complied with all relevant
regulations.

If no permits were required, please include the following statement:
No permits were required for the described study, which complied with all relevant regulations.
Systematic reviews and meta-analyses

A systematic review paper, as defined by The Cochrane Collaboration, is a review of a clearly
formulated question that uses explicit, systematic methods to identify, select, and critically appraise
relevant research, and to collect and analyze data from the studies that are included in the review.
These reviews differ substantially from narrative-based reviews or synthesis articles. Statistical
methods (meta-analysis) may or may not be used to analyze and summarize the results of the included
studies.

Reports of systematic reviews and meta-analyses must include a completed PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) checklist and flow diagram to
accompany the main text. Blank templates are available here:

e Checklist: PDF or Word document
e Flow diagram: PDF or Word document

Authors must also state in their “Methods” section whether a protocol exists for their systematic
review, and if so, provide a copy of the protocol as supporting information and provide the registry
number in the abstract.

If your article is a systematic review or a meta-analysis you should:

e State this in your cover letter

o Select “Research Article” as your article type when submitting

e Include the PRISMA flow diagram as Fig 1 (required where applicable)
e Include the PRISMA checklist as supporting information

Meta-analysis of genetic association studies

Manuscripts reporting a meta-analysis of genetic association studies must report results of value to the
field and should be reported according to the guidelines presented in Systematic Reviews of Genetic
Association Studies by Sagoo et al.

On submission, authors will be asked to justify the rationale for the meta-analysis and how it
contributes to the base of scientific knowledge in the light of previously published results. Authors
will also be asked to complete a checklist (DOCX) outlining information about the justification for the
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study and the methodology employed. Meta-analyses that replicate published studies will be rejected if
the authors do not provide adequate justification.

Personal data from third-party sources

For all studies using personal data from internet-based and other third-party sources (e.g., social
media, blogs, other internet sources, mobile phone companies), data must be collected and used
according to company/website Terms and Conditions, with appropriate permissions. All data sources
must be acknowledged clearly in the Materials and Methods section.

In the Ethics Statement, authors should declare any potential risks to individuals or individual privacy,
or affirm that in their assessment, the study posed no such risks. In addition, the following Ethics and
Data Protection requirements must be met.

For interventional studies, which impact participants’ experiences or data, the study design must have
been prospectively approved by an Ethics Committee, and informed consent is required. The Ethics
Committee may waive the requirement for approval and/or consent.

For observational studies in which personal experiences and accounts are not manipulated,
consultation with an Ethics or Data Protection Committee is recommended. Additional requirements
apply in the following circumstances:

o If information used could threaten personal privacy or damage the reputation of individuals
whose data are used, an Ethics Committee should be consulted and informed consent obtained
or specifically addressed.

o If authors accessed any personal identifying information, an Ethics or Data Protection
Committee should oversee data anonymization. If data were anonymized and/or aggregated
before access and analysis, informed consent is generally not required.

Cell lines

Authors reporting research using cell lines should state when and where they obtained the cells, giving
the date and the name of the researcher, cell line repository, or commercial source (company) who
provided the cells, as appropriate.

Authors must also include the following information for each cell line:

For de novo (new) cell lines, including those given to the researchers as a gift, authors must follow our
policies for human subjects research or animal research, as appropriate. The ethics statement must
include:

o Details of institutional review board or ethics committee approval; AND
e For human cells, confirmation of written informed consent from the donor, guardian, or next
of kin

For established cell lines, the Methods section should include:

o Arreference to the published article that first described the cell line; AND/OR

o The cell line repository or company the cell line was obtained from, the catalogue number, and
whether the cell line was obtained directly from the repository/company or from another
laboratory


http://journals.plos.org/plosone/s/submission-guidelines#loc-materials-and-methods
http://journals.plos.org/plosone/s/human-subjects-research
http://journals.plos.org/plosone/s/animal-research
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Authors should check established cell lines using the ICLAC Database of Cross-contaminated or
Misidentified Cell Lines to confirm they are not misidentified or contaminated. Cell line
authentication is recommended — e.g., by karyotyping, isozyme analysis, or short tandem repeats
(STR) analysis — and may be required during peer review or after publication.

Blots and gels

Manuscripts reporting results from blots (including Western blots) and electrophoretic gels should
follow these guidelines:

e In accordance with our policy on image manipulation, the image should not be adjusted in any
way that could affect the scientific information displayed, e.g. by modifying the background
or contrast.

o All blots and gels that support results reported in the manuscript should be provided.

e Original uncropped and unadjusted blots and gels, including molecular size markers, should
be provided in either the figures or the supplementary files.

e Lanes should not be overcropped around the bands; the image should show most or all of the
blot or gel. Any non-specific bands should be shown and an explanation of their nature should
be given.

o The image should include all relevant controls, and controls should be run on the same blot or
gel as the samples.

e A figure panel should not include composite images of bands originating from different blots
or gels. If the figure shows non-adjacent bands from the same blot or gel, this should be
clearly denoted by vertical black lines and the figure legend should provide details of how the
figure was made.

Antibodies
Manuscripts reporting experiments using antibodies should include the following information:

e The name of each antibody, a description of whether it is monoclonal or polyclonal, and the
host species.

e The commercial supplier or source laboratory.

e The catalogue or clone number and, if known, the batch number.

e The antigen(s) used to raise the antibody.

o For established antibodies, a stable public identifier from the Antibody Registry.

The manuscript should also report the following experimental details:

e The final antibody concentration or dilution.
o A reference to the validation study if the antibody was previously validated. If not, provide
details of how the authors validated the antibody for the applications and species used.

Small and macromolecule crystal data

Manuscripts reporting new and unpublished three-dimensional structures must include sufficient
supporting data and detailed descriptions of the methodologies used to allow the reproduction and
validation of the structures. All novel structures must have been deposited in a community endorsed
database prior to submission (please see our list of recommended repositories).


http://iclac.org/databases/cross-contaminations/
http://iclac.org/databases/cross-contaminations/
http://journals.plos.org/plosone/s/figures#loc-image-manipulation
http://www.antibodyregistry.org/
http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories
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Small molecule single crystal data

Authors reporting X-Ray crystallographic structures of small organic, metal-organic, and inorganic
molecules must deposit their data with the Cambridge Crystallographic Data Centre (CCDC), the
Inorganic Crystal Structure Database (ICSD), or similar community databases providing a recognized
validation functionality. Authors are also required to include the relevant structure reference numbers
within the main text (e.g. the CCDC ID number), as well as the crystallographic information files (.cif
format) as Supplementary Information, along with the checkCIF validation reports that can be
obtained via the International Union of Crystallography (IUCr).

Macromolecular structures

Authors reporting novel macromolecular structures must have deposited their data prior to submission
with the Worldwide Protein Data Bank (wwPDB), the Biological Magnetic Resonance Data Bank
(BMRB), the Electron Microscopy Data Bank (EMDB), or other community databases providing a
recognized validation functionality. Authors must include the structure reference numbers within the
main text and submit as Supplementary Information the official validation reports from these
databases.

Methods, software, databases, and tools

PLOS ONE will consider submissions that present new methods, software, or databases as the primary
focus of the manuscript if they meet the following criteria:

Software submissions

Manuscripts whose primary purpose is the description of new software must provide full details of the
algorithms designed. Describe any dependencies on commercial products or operating system. Include
details of the supplied test data and explain how to install and run the software. A brief description of
enhancements made in the major releases of the software may also be given. Authors should provide a
direct link to the deposited software from within the paper.

Database submissions

For descriptions of databases, provide details about how the data were curated, as well as plans for
long-term database maintenance, growth, and stability. Authors should provide a direct link to the
database hosting site from within the paper.

New taxon names
Zoological names
When publishing papers that describe a new zoological taxon name, PLOS aims to comply with the
requirements of the International Commission on Zoological Nomenclature (ICZN). Effective 1
January 2012, the ICZN considers an online-only publication to be legitimate if it meets the criteria of

archiving and is registered in ZooBank, the ICZN's official registry.

For proper registration of a new zoological taxon, we require two specific statements to be included in
your manuscript.

In the Results section, the globally unique identifier (GUID), currently in the form of a Life Science
Identifier (LSID), should be listed under the new species hame, for example:


http://iczn.org/
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Anochetus boltoni Fisher sp. nov. urn:lIsid:zoobank.org:act:B6C072CF-1CA6-40C7-8396-
534E91EF7FBB

You will need to contact Zoobank to obtain a GUID (LSID). Please do this as early as possible to
avoid delay of publication upon acceptance of your manuscript. It is your responsibility to provide us
with this information so we can include it in the final published paper.

Please also insert the following text into the Methods section, in a sub-section to be called
“Nomenclatural Acts”:

All PLOS articles are deposited in PubMed Central and LOCKSS. If your institute, or those of your
co-authors, has its own repository, we recommend that you also deposit the published online article
there and include the name in your article.

Botanical names

When publishing papers that describe a new botanical taxon, PLOS aims to comply with the
requirements of the International Code of Nomenclature for algae, fungi, and plants (ICN). The
following guidelines for publication in an online-only journal have been agreed such that any scientific
botanical name published by us is considered effectively published under the rules of the Code. Please
note that these guidelines differ from those for zoological nomenclature, and apply only to seed plants,
ferns, and lycophytes.

Effective January 2012, the description or diagnosis of a new taxon can be in either Latin or English.
This does not affect the requirements for scientific names, which are still to be Latin.

Also effective January 2012, the electronic PDF represents a published work according to the ICN for
algae, fungi, and plants. Therefore the new names contained in the electronic publication of PLOS
article are effectively published under that Code from the electronic edition alone, so there is no longer
any need to provide printed copies.

Additional information describing recent changes to the Code can be found here.

For proper registration of the new taxon, we require two specific statements to be included in your
manuscript.

In the Results section, the globally unique identifier (GUID), currently in the form of a Life Science
Identifier (LSID), should be listed under the new species name, for example:

Solanum aspersum S.Knapp, sp. nov. [urn:lsid:ipni.org:names:77103633-1] Type: Colombia.
Putumayo: vertiente oriental de la Cordillera, entre Sachamates y San Francisco de Sibundoy, 1600-
1750 m, 30 Dec 1940, J. Cuatrecasas 11471 (holotype, COL; isotypes, F [F-1335119], US [US-
1799731)).

Journal staff will contact IPNI to obtain the GUID (LSID) after your manuscript is accepted for
publication, and this information will then be added to the manuscript during the production phase

In the Methods section, include a sub-section called “Nomenclature” using the followingwording:
All PLOS articles are deposited in PubMed Central and LOCKSS. If your institute, or those of your

co-authors, has its own repository, we recommend that you also deposit the published online article
there and include the name in your article.


http://zoobank.org/
http://www.ncbi.nlm.nih.gov/pmc/
http://www.lockss.org/
http://www.biomedcentral.com/1471-2148/11/250
http://www.ncbi.nlm.nih.gov/pmc/
http://www.lockss.org/
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Fungal names

When publishing papers that describe a new botanical taxon, PLOS aims to comply with the
requirements of the International Code of Nomenclature for algae, fungi, and plants (ICN). The
following guidelines for publication in an online-only journal have been agreed such that any scientific
botanical name published by us is considered effectively published under the rules of the Code. Please
note that these guidelines differ from those for zoological nomenclature.

Effective January 2012, the description or diagnosis of a new taxon can be in either Latin or English.
This does not affect the requirements for scientific names, which are still to be Latin.

Also effective January 2012, the electronic PDF represents a published work according to the ICN for
algae, fungi, and plants. Therefore the new names contained in the electronic publication of PLOS
article are effectively published under that Code from the electronic edition alone, so there is no longer
any need to provide printed copies.

Additional information describing recent changes to the Code can be found here.

For proper registration of the new taxon, we require two specific statements to be included in your
manuscript.

In the Results section, the globally unique identifier (GUID), currently in the form of a Life Science
Identifier (LSID), should be listed under the new species hame, for example:

Hymenogaster huthii. Stielow et al. 2010, sp. nov. [urn:lsid:indexfungorum.org:names:518624]

You will need to contact either Mycobank or Index Fungorum to obtain the GUID (LSID). Please do
this as early as possible to avoid delay of publication upon acceptance of your manuscript. It is your
responsibility to provide us with this information so we can include it in the final published paper.
Effective January 2013, all papers describing new fungal species must reference the identifier issued
by a recognized repository in the protologue in order to be considered effectively published.

In the Methods section, include a sub-section called “Nomenclature” using the following wording (this
example is for taxon names submitted to MycoBank; please substitute appropriately if you have
submitted to Index Fungorum):

All PLOS articles are deposited in PubMed Central and LOCKSS. If your institute, or those of your
co-authors, has its own repository, we recommend that you also deposit the published online article
there and include the name in your article.

Qualitative research

Qualitative research studies use non-quantitative methods to address a defined research question that
may not be accessible by quantitative methods, such as people's interpretations, experiences, and
perspectives. The analysis methods are explicit, systematic, and reproducible, but the results do not
involve numerical values or use statistics. Examples of qualitative data sources include, but are not
limited to, interviews, text documents, audio/video recordings, and free-form answers to
questionnaires and surveys.

Qualitative research studies should be reported in accordance to the Consolidated criteria for reporting
qualitative research (COREQ) checklist. Further reporting guidelines can be found in the Equator
Network's Guidelines for reporting qualitative research.


http://www.biomedcentral.com/1471-2148/11/250
http://www.mycobank.org/
http://www.indexfungorum.org/
http://www.ncbi.nlm.nih.gov/pmc/
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