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RESUMO: The 6-minute walk test (6MWT) and the incremental shuttle walking test (ISWT) have been
used as alternatives to the Cardiopulmonary Exercise Test (CPX) for functional evaluation, as well as after
rehabilitation programs. The objective was to analyse the cardiorespiratory and metabolic demands among
the ISWT, 6MWT, and CPX in the obese, and the contribution of adiposity markers to this response. An
observational and cross sectional study was conducted with fifteen obese subjects (10 women and 5 men;
39.4+10.1years) submitted to CPX, 6MWT, and ISWT. The subjects were part of a rehabilitation program
and bariatric surgery at the University Hospital. Metabolic and ventilatory variables were recorded by a
telemetry system during all tests. Peak oxygen uptake, VO,peak was similar between CPX
(18.6+4.0ml/kg/min) and ISWT (15.44+2.9ml/kg/min), and different from 6MWT (13.2+2.5ml/kg/min).
There was agreement (3.2ml/kg/min; 95%; 1C-3.0-9.4) between VOjpeak of CPX and ISWT. CPX
duration (R2=0.61; p=0.001) was best-fit by waist circumference (WC) and body adiposity index (BAI)
that reduced CPX duration by 4.7% and 3.2%, respectively. Forced vital capacity and WC predicts an
increase of carbon dioxide production for CPX (R2=0.95; p=0.001) and ISWT (R2=0.67; p=0.001). In
conclusion, the obese individuals performed the ISWT and CPX test with similar physiological responses.
It is suggested that ISWT could be an alternative to CPX, and that metabolic monitoring of ISWT by
telemetry can be useful for the clinical assessment of the functional capacity of obese. Clinical Trial
Number RBR-6dwy85.
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Introduction

Peak oxygen uptake (VOgpeak) is the best variable to express the fitness and efficiency of the cardiovascular
system during maximal Cardiopulmonary Exercise Testing (CPX), and it can be considered a key variable in
rehabilitation programs for exercise prescription and training intensity. However, in some specific situations either by
clinical reasons and/or factors regarding economic viability, equipment availability and a lack of trained professionals,
it was not possible to perform CPX. As such, this field test has deserved special attention in recent years @) because it
is practical, economical, reliable @®, and especially used in a clinical/rehabilitation setting. VO?peak is found before
maximal oxygen uptake (VO.max), along with determining the beginning of symptoms such as fatigue and dyspnea ©).
VO?peak from CPX is strongly correlated with VO, of Incremental Shuttle Walking Test (ISWT) rather than the 6-
minute Walk Test (6MWT) @112 and produces more similar physiologic responses to maximal effort &3, VQ?
measurement is used to establish the appropriate level of exercise intensity during a rehabilitation program (419
independently from the test.

ISWT was initially developed ® in order to assess the cardiorespiratory capacity in patients with chronic
obstructive pulmonary disease (COPD). However, its use today is extended to several diseases 619 including
adolescent obesity, to estimate physical activity level and then physical fitness 129, However, the behavior of
cardiovascular stress variables during the incremental field test in obese adults is unknown. Due to the cardiovascular
overload required to move large body weight, it is possible to also present similar physiological responses to CPX in the
field test, as shown in other diseases. Moreover, we believe that biomechanical impairment makes the maximal effort
test harmful and arduous to sedentary, obese individuals, making them stop CPX early before becoming exhausted.
Given the physiological evidence and operational simplicity, the ISWT seems to be a better choice than CPX, and
becomes more applicable in clinical environments and less physically exhausting for obese people, making it a useful
tool for early evaluation before instituting a rehabilitation program.

Using ISWT with real-time monitoring of respiratory gases by a telemetry system could help elucidate these
questions and increases the accuracy in diagnosing ISWT for this population. The main objective of this study is to
analyze and compare oxygen uptake (VO;) and carbon dioxide production (VCO;) achieved during the walking and
incremental tests (6BMWT and ISWT) along with CPX in obese adults, and agreement of metabolic and ventilatory
variables among these tests. As its secondary aim, we also analyzed the impact of different adiposity markers on

cardiovascular test response.

Material and method

Individuals

This was an observational and cross-sectional study design performed with subjects as an initial part of the
bariatric surgery program at the local University Hospital. Subjects included in the study were obese individuals (body
mass index-BMI>30 kg/m?) of both genders, age>18<60years, sedentary, physically able to perform the tests with
preserved spirometric function (>80%-predicted) or absence of limiting cardiopulmonary disease (angina or functional
class 4(NYHA) diagnosed by the cardiologist team) who signed free and informed consent forms (Resolution No.
466/12 of the National Health Council - NHC). The local ethics committee (98.314; 31/08/2012) approved the study.
We excluded obese who did not complete the protocol. The sample size was defined based on our pilot study, where o

and B were respectively 0.05 and 0.20, thus 15 obese were defined in the final sample.
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Baseline Evaluation

Clinical (presence of hypertension, tobacco use), spirometric (Datospir, 120, Sibelmed, Spain) and
anthropometric (weight, height, BMI, body adiposity index-BAl, and waist, hip circumferences — WC, HC)
measurements were taken in all subjects. A Spirometric test (FVC, FEV1, MVV) was performed @4 to establish the

inclusion criteria and to compare the respiratory interest variable with the cardiovascular test.

Cardiopulmonary Exercise Testing-CPX

All obese individuals underwent a symptom-limited exercise test performed on a treadmill (Micromed-
Centurion 300). A complete ergoespirometric system by telemetry was used for respiratory gas analyzer (Cortex,
Biophysik, Metamax 3B®™ and ErgoPCElite, Leipzig, Germany). When performing a test, the obese individuals wore
a nasal mask and data were collected breath-by-breath. A volume transducer and gas line (to measure O, and CO,) wer
connected to the nasal mask. The gas concentration cellule was calibrated with ambient air, as well as flow and volume
prior to all tests. VO,, VCO,, Ventilation-VE, cardiac variables (blood pressure-BP; heart rate-HR; and continuous
ECG-12 channels) and peripheral oxyhemoglobin saturation-SpO2%- determined by pulse oximetry (Nonin, Plymouth,
MN) were recorded throughout the testing. Subjective final exertion perception was measured before and after the tests
(Borg 6-20). The test started after 2 minutes of rest and familiarization using a ramp protocol. Interruption criteria were
in accordance with ATS @4),

Measurement of VO2 during field walking tests

A telemetry system was connected to the obese individuals during both tests to collect breath-by-breath
ventilatory and metabolic variables, as well as data from the CPX. The 6MWT was performed and the patients then
underwent the ISWT after 30 minutes. During the 6MWT, the subjects were instructed to walk as fast as possible along
a corridor (30 meters) for 6 minutes ). During the ISWT, the subjects had to walk between two cones placed 10 meters
away from each other, with their velocity being determined by sound signals (participants were required to increase
their pace according to the signals). The ISWT started with a slower speed and was increased after 1 minute ®. The
tests were interrupted by a sound signal if participants felt exhausted and/or breathless to complete the shuttle in a
determined time, or if they showed any discomfort or failed to reach a SpO, above 80%.

Maximal VO, reached during exercise (VOzpeak) was used as a measure of aerobic capacity at the end of each
test. Ventilatory threshold (VT) was automatically by the V-Slope method and it was visually confirmed by an
experienced researcher @Y, Equations of prediction @ were used to define the predicted values of cardiopulmonary and
respiratory variables.

Statistical analysis

The hypothesis of data distribution normality was accepted. All data were expressed as mean and
standard deviation (+SD). Analysis of variance (One-way ANOVA) was used to test the hypothesis of difference
between the variance of interest variables among the three cardiovascular tests. A factorial ANOVA was added to
certify difference in terms of the gender factor. The level of agreement between VO,peak achieved during the tests was
analyzed using a Band Altman plot. The possibility of association and the influence of factors (anthropometric,
spirometric and effort perception) on metabolic and aerobic capacity response in all tests was tested with Pearson’s
correlation and the linearity between data was confirmed using univariate linear regression. The magnitude of
predicting the power of multiple variables was tested on a multiple linear regression model (stepwise) to explain what
real contribution the anthropometric and respiratory result had on VOzpeak, VCO,, and VE. All analyses were

performed with Statistic 10.0, assuming 5% of error type | error.
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Results

Twenty-nine obese individuals were recruited; however, 14 dropped out. Table 1 illustrates the baseline values
of the respiratory function and anthropometric measurements from the 15 obese individuals (66.7% - obesity I11; 20.0%
- obesity 11; 13.3% - obesity 1).

OBESE =15 WOMEN (n-13) MEN |5}
Age pears 24101 112105 MaRS
Hoghag NE0+272 10884150 H28301
nezrtar 10400122 1581429 78087
BM b 0584 Q2487 50471
BA 02123 5002104 aBia1g
pree 0 04+0.00 00101 105004
HC, am 174131 13476183 13784123
WC.om 12700186 1211489 120.0¢ 124"
FYCL 1500 1005 A%
FVCs W@rsH? CTIE 10032112
FEVAL 10ep8 2504 1307
FEV/ 0584102 w080 10150160
MV imn 1540218 10270188 14080285
WY BTe0 Wigs 757

Table | Varnble detmimnion of beselnss meesme of mbropomery md hee Smchon smves shese

Physiological responses

The values of CPX and those from the field test are illustrated in Table 2. Exercise intensity assessed by %HR
and %V0O, on CPX was higher than in the other two tests with a difference between variance.

There is a test type effect on cardiovascular performance (VO.) at peak of activity (F(2,42)=10.8 p=0.0001),
with a range of 18.6+4.0ml/kg/min on CPX, 15.4+2.9 during the ISWT, and 13.2+2.5 during the 6MWT. However, the
factorial analysis showed a difference of VO,ml/kg/min and %VO, only for CPX and the 6MWT in both genders
(%VO; p=0.008 in women and p=0.01 in men). The exercise intensity during the ISWT seems to be similar to CPX in
women and men (p>0.05). This intensity was confirmed by %HR only between CPX and the 6MWT in both genders
(p=0.0002, women, and p=0.003 for men). Even though the ISWT is considered a submaximal test, the subjects
performed it at an intensity that was slightly high (82.7%-HRmax) compared to maximal effort. The respiratory
quotient (RER) at peak of exercise confirmed the exercise intensity, however, there was a difference in the women's
group (CPX and ISWT p=0.02; CPX and 6MWT p= 0.005) (Table 2).
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X IEWT MWT
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Table 2 Description of metabalic and respiratory varisbles during the peak of activity in the maximal exercize tastandsnhmximaLdjsmhmdbygmdaanddTﬁamn:ebﬁwmmmmm
measures between tests.
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In general, there was a negative correlation between CPX duration, BMI (r=-0.75;p=0.001) and WC (r=-
0.70;p=0.003). Table 3 shows the linear regression for metabolic and ventilatory variables in all tests. The WC
negatively impacted VO, and positively impacted VCO; in all tests, and seems to affect the performance of obese
individuals more during the test than on weight and isolated BMI. These factors lost strength and significance in the
multiple regression analysis model. In this obese group, the BMI and WC alone justify 56% and 48% of CPX testing
duration, and it decreases 11.93 seconds for each 1kg/m? increased in BMI and 5.77 seconds for each centimeter at the
waist of obese (Table 3). However, when we included other anthropometric variables, the model explained 61%
variance of the duration of CPX, and was defined by the association of WC and BAI. Then, the best-fit regression used
to predict duration showed that for each centimeter increase in WC, whether adjusted or independent of other variables
such as BAI, there was a decrease of 4.7seconds during CPX. Also, independent of WC, there was a decreased duration
of 3.2 seconds during the CPX for each 1% of body fat (Table 3).
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Even without any correlation among VOpeak for the three tests, we noted agreement using a Bland-Altman plot of

Test B Infercept B EET"“;“ P Fuss “ﬂﬁm‘“
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Table 3. Univariste analysis and multiple linear regression of the three tests (CPX, ISWT, SMWT) among metabolic, ventilstory and performance with snthropomedric and general adiposity
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3.2ml/kg/min (95%; CI: 3.0 - 9.4) of 16.4% on VO2peak only between ISWT and CPX (Figure 1).
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Figure 1: Bland-Altman plot between CPX and ISWT between measures VO, and percentage of VO,. cpx=cardiopumonary

exercise testing; ISWT=incremental shuttle walking test; VO,= oxygen uptake.
Discussion

The limitations of this study were inherent to the equipment used (problems changing the O, cell) and some
dropouts by patients. Thus, the study had a small number of participants. Although being small, the sample showed a
homogeneous nature with narrow confidence intervals.

Our main results support the hypothesis that obese individuals perform ISWT with a similar physical effort
intensity as they perform during the CPX. This behavior is not exhibited when compared to the 6MWT. Interesting
results are shown considering the impact of adiposity and anthropometric markers on VOzpeak, VCOg, and ventilation
during the tests. For this level of obesity, we also show that WC and BAI impact more negatively on CPX duration than
BMI and/or weight separately (Table 3).

We did not demonstrate any difference between VO,peak of exercise during ISWT and CPX, which suggests
that physical response can be considered similar in both tests for this population. Even though it is considered a
submaximal test, we confirm a higher heart effort during the ISWT on %VO; (82.3%) and %HR (82.7). Dourado et al.
(419 previously suggested that ISWT could be an acceptable choice when measuring physical performance of healthy
individuals based on their achieved intensity. We also support this hypothesis with a posterior agreement analysis
(Bland-Altman plot). A previous study of Thommazzo-Luporini et al. @ in evaluating the cardiorespiratory fitness of
obese by the six-minute step test concluded that the intensity of effort for this population approaches the maximum
capacity observed through the %VO, and HR (89% and 87% of predicted, respectively).

The intensity of exercise training is regarded as an important determinant of training response and is usually
prescribed as a percentage of full capacity to the measured effort by VOpeak. Recently, Evans et al. ®¥ reported that 16
obese people with obstructive apnea with VOzpeak <16 ml/kg/min walked less than 400 meters in the ISWT. In our
study, we observed a VOzpeak of 15.4ml/kg/min and a distance of 406.6 meters, confirming the above data. We
propose that the different results (VO2peak) in our study could be a result of the higher BMI of our patients (BMI1=33.2
kg/m? - Evans et al.).

In addition, we demonstrate that VCO, during incremental and maximal effort has a direct correlation with WC
in obese individuals; and with a possibility of 95% explication in the multiple model linear model, being independently
adjusted by pulmonary capacity, the VCO is 0.02 higher for each centimeter increase on the waists of obese individuals
during CPX and the ISWT. We also defend the similarity of effort between the incremental and maximal test for obesity
using this aspect.

When jointly analyzed, these results show that cardiovascular response seems to be similar and comparative
between the ISWT and CPX, which also happens in patients with COPD or heart failure. Lewis et al. @) demonstrated
that VO, during ISWT and CPX strongly correlate, and suggest that it is viable and reproducible to test exercise
tolerance in individuals with severe heart failure. COPD patients also initially showed ® that maximal VO, after ISWT
and 6MWT correlates with results found during CPX. Casas et al. ®® reported higher levels of VCO;, respiratory
quotient and effort perception at peak exercise during incremental cycling testing in COPD patients than during ISWT;
however, the VO, values were similar in both tests. Also, Zainuldin et al. ©® concluded that a prescription of walking
exercise at 70% of the peak ISWT speed provided an appropriate intensity for achieving physiologic training responses
in COPD patients.

Metabolic and respiratory variables during a 6MWT seem to be completely different from CPX. However,
Thomazzo-Luporini et al. ® recently showed a moderate correlation in VOypeak (I/min) for both tests in obese
individuals. In previous studies 62 there seemed to be no doubt regarding the close relationship between VOopeak

from 6MWT and CPX for individuals with limited oxygen transport capacity (heart failure and lung disease). However,
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according to our findings in obese individuals, it is difficult to cite this similarity. Firstly, the Bland-Altman analysis did
not demonstrate acceptable agreement on both tests. Secondly, the supposition of a previous study ©) was made for a
6MWT on a treadmill, which may have had a different physical cardiovascular impact from a 6BMWT test performed in
the field. Furthermore, the BMI of our study is higher (35.7-50.3kg/m2) than those previously shown (32-44kg/m2) ©),
Thomazzo-Luporini et al. ®® also noted in another study with obese that there was a satisfactory concurrent validity
between CPX and six-minute step test to identify VOzpeak and HR, and the Bland-Altman analyses found a mean
difference between the tests of 5.1+3.6ml/kg/min and 23+13bpm respectively. In this way, concurrent validity between
both methods was found to evaluate cardiorespiratory fitness by means of VO,peak and HR.

Assessment by telemetry defines the cardiopulmonary and metabolic impact in real time through walking,
incremental or maximal tests in obese individuals. It potentially increases the diagnosing power of field testing, can
elucidate physiological responses, and be useful for functional rehabilitation programs. The ISWT assessment by
telemetry can be especially useful in patients who are not able to perform a test that reaches maximal physical effort
given their extreme obesity, ventilatory or cardiac output limitation. Tueller et al. ?” showed a high applicability and
reliability of telemetry in a large group of patients (heart, restrictive, obstructive disease, and pulmonary hypertension).
In our study, it was possible to define one safe and accurate way for this level of adiposity that the ISWT is similar to
the CPX from a physiological and functional point of view.

Another important aspect was that we found a strong correlation between respiratory and anthropometric
variables which best predict the final results of the three tests. Part of this was justified by the homogeneity between
these variables in our study group. As had been shown in lean health ?82%), BMI negatively influences the final distance
during the ISWT. Our linear regression analysis demonstrated that solely BMI, weight, body adiposity index and waist
circumference predicts CPX duration. However, by using a multiple linear regression analysis, BAI and WC remain as
being able to predict the best-fit on the regression line for the CPX duration. Even considering control of WC above the
duration of the test, the duration decreased 4.7seconds for each centimeter of WC. Waist circumference is a good
predictor of cardiovascular risk €, but until now, there has been no association of cardiovascular test response.

Conclusions

Data from this study show that among the walking tests, the ISWT presents similar ventilatory and metabolic
response to those produced in a maximal exercise test in obese individuals. The ISWT could be a useful and alternative
choice for measuring cardiovascular stress, especially with higher levels of obesity. Therefore, we suggest that ISWT
can be a useful assessment tool for individualized exercise prescription for weight loss programs, as well as functional
rehabilitation in obese adults. However, we need to conduct more randomized clinical trials to prove this theory with
greater reliability. By combining field tests to metabolic and cardiovascular measurements using a sophisticated
telemetry system, walking tests become particularly strong for making a functional diagnosis. Additionally, WC and

adiposity percentage are the best predicting factors for VO, and VCO; during ISWT and CPX in obese individuals.
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