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BACKGROUND: The ADL-Glittre test (TGlittre) was initially proposed to evaluate the activities
of daily life (ADL) of adults with COPD that involve activities with the upper limbs in addition to
walking. Recently, the test has been adapted for children (TGlittre-P), but no reference values have
been proposed for its use in this population. The main objective of this study was to develop
reference equations for the pediatric adaptation of the TGlittre. METHODS: A cross-sectional
study carried out over a period of 19 months. Children 6-14 y old participated in the study. The
study was rigorously controlled based on the International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire and on normal spirometry. Study subjects were evaluated for
their biometric data (ie, weight, height, body mass index, body surface area, and length of the lower
limbs) and spirometric data. Subjects then performed 2 TGlittre-P tests with an interval of 30 min
between them. Statistical analysis included a Pearson correlation test to verify a correlation between
time spent on the TGlittre-P and biometric variables such as gender and age. Subsequently, a
multiple regression analysis was conducted for those variables. The level of signficance was set at
a P of 0.05. RESULTS: Eighty-seven children (44 girls) participated in the study. Age was the
predictive variable with the greatest influence on the time spent on the TGlittre-P (male: adjusted
R? = 39.6%; female: adjusted R> = 25.2%). The following equations were established: time spent
on the TGlittre-P = 3.781 — 0.083 X age (female), and time spent on the TGlittre-
P = 4.025 — 0.123 X age (male). CONCLUSIONS: TGlittre-P reference equations were developed
for females and males, with age being the most influential predictive variable in the test performed
by children. Key words: child; activities of daily living; functional capacity; evaluation; outcome as-

sessment; reference values. [Respir Care 2019;64(8):937-944. © 2019 Daedalus Enterprises]

Introduction

Children with lung diseases often show loss of physical
capacity and limitations in their activities of daily life
(ADL),"? most of which are performed with submaximal
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efforts. The performance of ADLs reflects functional ca-
pacity,? and submaximal tests have been presented as ef-
fective evaluation instruments.* For this reason, the 6-min
walk test (6MWT) is frequently used because it is easy to
apply, inexpensive, and valid and reliable as a measure in
children.>7 There are studies that have proposed values
and reference equations for predicting the distance cov-
ered in the test,® which may further aid in the evaluation of
the functional capacity of sick children, as well as in the
verification of the effects of the therapeutic intervention in
those patients.®-10

However, the test does not identify the limitation in
upper limb activities, which are often involved in habitual
ADLs.!1-12 In this context, the ADL-Glittre test (TGlittre)
was created to more fully evaluate essential ADLs in pa-
tients with COPD.!! Components of the assessment in-
clude activities such as carrying a backpack, sitting and
standing up from a chair, going up and down steps, and
moving objects with the upper limbs.!! The test has been
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shown to induce metabolic, ventilatory, and cardiovascular
responses similar to the 6 MWT, '3 and results have been shown
to correlate with results of the 6MWT in individuals with
COPD!'"! and healthy adults.!#

To date, most of the studies using the TGlittre have been
limited to the population of healthy adults and elderly
individuals with COPD and cardiovascular diseases.!!-!3-17
Only 1 study has been conducted in subjects with cystic
fibrosis, including children, but the authors used the orig-
inal protocol of the test.'® The TGlittre was adapted for
children (TGlittre-P) with adjustments in its components
to consider the child’s weight and height.!® In addition,
there is no research on the application of this exclusive
pediatric age test, nor are there reference values for its use.
The main objective of the study was to develop reference
equations for time spent on the TGlittre-P performed by
healthy children.

Methods

This was an observational and cross-sectional analytical
study that was carried out over a period of 19 months. The
sample consisted of healthy children between the ages of
6 and 14 y old from private and public schools from the
Great Florian6polis area in Santa Catarina, Brazil. We
included subjects with no history of cardiorespiratory, mus-
culoskeletal, rheumatic, neurological, or hearing and vi-
sual deficiencies (data obtained through a health question-
naire written by the researchers) and were not enrolled in
high-performance sports federations (ie, non-athletes). We
excluded children considered obese by the World Health
Organization?® and any who were unable to perform or
complete any of the evaluation procedures and activities
proposed on the day of data collection. Subjects were also
excluded if there was evidence of respiratory impairment
categorized by the following scores in the asthma module
of the International Study of Asthma and Allergies in Child-
hood (ISAAC)?! questionnaire (completed by their parents or
legal guardians): > 5 points for children age 6-9 y old, and
> 6 points for children 10—14 y old with a change in FEV,
and FVC < 80% of predicted, and a FEV ,/FVC < 70%
using the references of Polgar and Promadhat?? and Knudson
et al.?3

This study was approved by the Ethics Committee of the
State University of Santa Catarina (CAAE: 07635412.3.
0000.0118). Data were collected in the children’s schools
and at the State University of Santa Catarina. After reading
and signing the Informed Consent Letter, parents or guard-
ians of the children also completed a form, developed by
the authors, about the general health of the children. Then
identification forms with the children’s data were com-
pleted. Finally, the children were evaluated for their bio-
metric data (ie, weight, height, body mass index, body
surface area,>* and lower limb length!®) and spirometry
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QUICK LOOK

Current knowledge

The ADL-Glittre test (TGlittre) includes multi-task-
ing and essential activities of daily life, and was
designed with the purpose of assessing functional
capacity more comprehensively. The test has been
widely used in populations of adults with chronic
diseases and has recently been adapted and validated
for children (TGlittre-P).

What this paper contributes to our knowledge

Reference equations to predict performance by children
were developed using the TGlittre-P, one for each gen-
der. Age was identified as the variable with the greatest
predictive power for time spent on the TGlittre-P in the
developed equations.

results (FEV, FVC, and FEV /FVC ratio).?> After the first
phase of evaluations and data analysis, all of the children
compatible with the inclusion criteria were referred for the
TGlittre-P.

The TGlittre Test Adapted for Children

The TGlittre-P'° has some modifications from the
original protocol’? in terms of the weight of the back-
pack to be carried during the test, the height of the shelf,
the weight of the objects to be moved on the shelf, and
permission for a single verbal stimulus during the test.
The TGlittre-P consists of carrying a backpack weigh-
ing 0.5-2.5 kg (ie, the weight depends on the child’s
gender, age, and weight, according to the World Health
Organization?°weight and height table) through a circuit
with the following sequence of activities: starting from
a seated position, the child walks in a flat corridor with
a total length of 10 m, with a box at the halfway point
(5 m) with 2 steps to climb and 2 steps to go down (Fig.
1). Each step is 17 cm high and 27 cm wide. After going
up and down the steps and walking the remaining 5 m
of the course, the child is faced with 2 shelves; the
higher shelf (positioned at the height of the child’s eyes)
has 3 objects that each weigh 0.5 kg, and the child must
move the objects one by one to the lower shelf (posi-
tioned at the height of the child’s waist), and then the
child must move them to the floor. The objects are then
placed back on the lowest shelf, and then they are moved
to the highest shelf. The child then returns along the
course until reaching the chair, at which point the child
sits in the chair (ie, returns to the initial position). Im-
mediately after (with the stopwatch still activated), the
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Fig. 1. Representation of the ADL-Glittre test adapted for children (TGlittre-P). From Reference 19, with permission.

child repeats the ADL circuit. The total test includes
5 laps, and the child must complete them in the shortest
possible time. Only the verbal stimuli “sit down,” and
“stand up” are permitted during the test. The test can be
suspended when necessary, without stopping the stop-
watch. At the end of the test, the completion time is
recorded.

As in the original test, children were monitored through-
out the course to track heart rate, Spoz’ and dyspnea index
(modified Borg scale).?” Blood pressure and breathing fre-
quency were checked at the beginning of the test and at the
end, with the child in a seated position.

Determination of Reference Values

For the determination of reference values, the TGlittre-P
protocol was performed twice, with a 30-min interval be-
tween tests. The children remained at rest during the
interval period, which was enough time for the cardio-
respiratory parameters to return to baseline. The tests
were explained and conducted by the same evaluator, as
were the collection of control parameters during the test
(heartrate, SpOZ’ and dyspnea index). A second researcher
monitored breathing frequency and blood pressure to
ensure that the parameters were checked immediately
after the test was completed. The best test result was
used for analysis.

Sample Size Calculation

For the calculation of the sample size, 2 objectives were
considered: we needed to determine the mean (95% CI) of
the TGlittre-P time parameter of each age group, specific
for males and females, and we needed to determine the
most appropriate model of the parameter considering age
and height. To match the first objective, we analyzed the
pilot study data (n = 10), from which the sample size was
calculated for each gender.?® For this study, the SD of 9.6 s
and a delta (A) of 3 s were considered to determine the
95% CI of the mean.?° These data showed that 40 students
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of each sex were estimated to be sufficient to obtain a
good estimate of the average time spent on the TGlittre-P
for children. To match the second objective, regression
analysis, we considered a gender-specific model be-
cause sexual dimorphism plays an important role in
cardiorespiratory assessments. For that model, 2 predic-
tive variables were determined: age and height. Thus,
when requiring at least 20 children for each predictive
variable_the sample totaled 40 boys and 40 girls.?® Con-
templating objectives 1 and 2, we estimated the sample
size to be 40 children for each gender, for a total of
80 students.

Statistical Analysis

The data were transcribed to a spreadsheet with statis-
tical analysis performed with SPSS software (version 20.0,
IBM, Armonk, New York). Data were presented through
descriptive statistics and frequencies, expressed as mean,
SD, minimum, maximum, and median. The Shapiro-Wilk
and Kolmogorov-Smirnov tests were used to evaluate the
normality of the variables, and the Pearson correlation test
(following the Dancey and Reidy classification3?) was used
to verify the correlation between the time spent on the
TGlittre-P (dependent variable) and the variables of weight,
height, age, and body mass index. Subsequently, simple
linear regression models were developed for each predic-
tive variable that showed a correlation with the dependent
variable. Afterward, the predictive equations, specific to
each gender, were developed with stepwise multiple linear
regression. The probability for the inclusion of a predictive
variable in the model was P = .05. To choose the best
model, the adjusted coefficient of determination (ad-
justed R?) and the theoretical reference adopted by the
authors were considered. The mean time of this study was
inserted into the best-generated model and compared to
the reference values of the equation through the indepen-
dent 7 test.
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Children eligible for the study
185

Excluded
98

Spirometry performed incorrectly or
FEV, or FVC < 80%: 65
Disease present: 12
Cut-off point in the ISAAC: 3
Obese: 13
Declined to participate: 3
Not Brazilian national: 1
Failure of the spirometry device: 1

Children included
87

Fig. 2. Flow chart. ISAAC = International Study of Asthma and
Allergies in Childhood.

Results

A total of 185 children were eligible for the study (Fig.
2). Of these, 98 were excluded, leaving 87 subjects in the
study (44 female and 43 male); 58 subjects were white
(26 female), 15 were black (10 female), and 14 were brown-
skinned (8 female). Descriptive data characterizing age,
biometric data, spirometric parameters, final scores of the
asthma module of the ISAAC questionnaire, and time spent
on both TGlittre-P tests are described in Table 1, as is the
comparison of the variables between the genders (P value
on the independent ¢ test).

The relationship between the main variables and the
time spent on the TGlittre-P is shown in Table 2, based on
the Pearson correlation coefficient values. Age was the
variable that correlated most closely with the time spent on
the test, with a moderate negative correlation.’® Subse-
quently, height and length of the lower limbs (right lower
limb in boys and left lower limb in girls) also showed
moderate negative correlations in both genders.3°

The models of the developed equations, considering the
variables of age, weight, height, and length of lower limbs,
are described in Table 3. The highest coefficients of de-
termination (R? and adjusted R?) are related to the variable
age. In that regard, the model was chosen to generate the
estimated values of time spent on the TGlittre-P, and the
comparison between the average time of the studied sam-
ple and the reference values from the equation was carried
out (Table 3). The average time spent on the test, accord-
ing to each age of the studied sample, was equal to or
similar to the time proposed by the developed reference
equation (considering the age variable). There was no sta-
tistical difference between the time estimated by the equa-
tion and the time verified in the sample (P = 0.550 (fe-
male), P = 1.000 (male)). Table 4 presents the subjects’
performance on the TGlittre-P by age, as well as the value
estimated by the equation that included the variable age.
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Discussion

One of the main objectives of this study was to develop
reference equations for the TGlittre-P test, recently published
to evaluate the functional capacity of children.?® Children
with respiratory diseases suffer from a reduction in their func-
tional capacity, which consequently interferes with their qual-
ity of life.!31:32 Knowing that the individual response to
exercise provides information related to the respiratory, car-
diac, metabolic, and muscular systems,3*3* this type of as-
sessment is extremely important because it analyzes the in-
dividual’s capacity to perform activities. Subsequently, the
most commonly used test in children is the 6GMWT, although
it is not exclusively adapted for children. Studies show that
results may be influenced by anthropometric factors, such as
gender and age, and by previously established reference val-
ues and equations.”-

The TGlittre test, which is useful in evaluating functional
capacity in patients with COPD,'!-4 has been discussed in
studies that investigate the applicability of the test.!!-13-18 How-
ever, no TGlittre tests have been performed exclusively with
children, including the version adapted for children, the
TGlittre-P.!° Despite the growing recognition of TGlittre-P,
equations and reference values for this version of the test
have not been developed yet. To our knowledge, ours is the
first study to attempt such a proposal. Use of the TGlittre-P
will enable evaluation of functional capacity in both healthy
and sick children through a test that involves multiple tasks,
and not just walking as with the 6MWT.

The proposal for adapting the test for pediatric applica-
tion considered the fact that a child is in constant growth
as well as physical and intellectual development.3> The
test incorporates aspects that are age-appropriate. The
adapted test proved to be feasible, and the children per-
formed it effectively.!® The mean performance was
2.84 = 0.41 min (equivalent to approximately 2 min 50 s),
which was comparable to the time elapsed in the test per-
formed by healthy adults (2.84 = 0.45 min).!” However,
subjects with COPD, the largest group currently benefit-
ting from this evaluation,'3 spent an average time of
4.77 = 1.46 min (approximately 4 min 46 s). Consequently,
a cutoff point of 3 min 30 s has been identified for adult
patients with COPD who undergo TGlittre. The TGlittre
has features designed for older patients with impaired func-
tional capacity.'®

Variables such as sex, height, age, race, and weight can
greatly influence the results of lung function tests3¢ and phys-
ical capacity assessment.3” The results of our study corrobo-
rate this information, showing a significant difference be-
tween male and female children in the variables of body mass
index (P = .039) and percent of predicted FEV, (P = .02).
Furthermore, this study set out to establish different reference
equations for females and males. According to the literature,
there is an influence of weight and height, but the greatest
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Table 1.  Characterization of the Sample and Comparison Between Genders
Mean *= SD Minimum-Maximum Median
Subject Characteristics P
Female Male Female Male Female Male
Age, y 10.48 = 2.30 10.23 =2.35 6-14 6-14 10.50 10.00 .63
Biometric parameters
Weight, kg 4045 £ 11.72 36.47 = 10.87 18.3-63.7 21.3-61.5 42.90 34.90 A1
Height, cm 14479 £ 13.27 142.19 = 14.39 117.0-172.0 119.0-169.40 145.25 143.00 38
Body mass index, kg/m? 18.86 * 3.15 17.70 £ 2.24 13.11-26.07 13.96-23.00 18.97 17.37 .039
Body surface area, m? 1.27 £0.23 1.21 £0.23 0.77-1.71 0.85-1.66 1.30 1.21 17
RLL length, cm 78.72 = 8.51 76.71 = 8.97 58.00-91.93 57.73-91.70 80.50 76.66 .29
LLL length, cm 78.79 = 8.52 76.83 = 8.94 57.60-91.80 57.53-91.70 80.40 76.33 .30
Spirometry parameters
FEV,, % 90.27 + 8.32 94.58 £ 8.79 80-117 80-113 88.00 93.00 .02
FVC, % 97.73 * 10.77 99.65 * 8.20 83-129 85-120 94.50 99.00 35
FEV,/FVC, % 86.48 = 5.47 86.58 = 7.30 73-99 76-124 87.00 87.00 .94
FEF,5 750, % 89.39 = 21.90 89.93 = 19.64 46-139 53-150 88.50 87.00 .90
Peak expiratory flow, % 82.07 = 14.19 82.70 = 13.50 58-119 52-112 82.00 83.00 .83
ISAAC score (asthma) 1.14 = 1.63 0.93 £ 1.40 0-5 0-6 0 0 .53
TGlittre Time, min
Trial 1 3.03 £ 043 2.97 = 0.57 2.33-4.31 2.13-443 3.00 2.85 .62
Trial 2 291 £ 0.36 276 = 0.45 2.30-3.98 2.08-3.61 2.93 2.70 11

Independent 7 test. n = 44 female subjects; n = 43 male subjects.

RLL = right lower limb

LLL = left lower limb

FEF,5_ 754, = forced expiratory flow during the middle half of the FVC maneuver
ISAAC = International Study of Asthma and Allergies in Childhood

Table 2.  Correlation Between Time Spent on the TGlittre-P and
Key Variables
Correlation \Correl‘e}‘ti(‘)n P
Between TGlittre-P of Coefficient
Time and: Female Male Female Male
Age —0.519 —0.641 <.001 <.001
Weight —0.365 —0.455 .02 .002
Height —0.430 —0.533 .004 <.001
Body mass index —0.238 —0.281 12 .068
RLL length —0.403 —0.512 .007 <.001
LLL length —0.406 —0.506 .006 .001

Pearson correlation test. Pearson correlation classification: r = 0.10-0.30, weak; r = 0.40-0.6,
moderate; r = 0.70-1.0, strong.

n = 44 female subjects; n = 43 male subjects.

LLL = left lower limb

RLL = right lower limb

influence is that of age (adjusted R* = 25.2% and 39.6% for
girls and boys, respectively) over the time elapsed in the test.
Our findings corroborate the study that developed reference
equations for the TGlittre in adults, in which the variables
age, height, and body mass index were also relevant for pre-
dicting performance in the test.!”

A systematic review of reference values for the 6MWT
in children and adolescents published in 2016 identified a
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total of 32 prediction equations for reference values. The
variable age was included in most (64%) equations, fol-
lowed by height (61%),3 because chronological age and
biological maturation lead to increased height and body
mass in children. The latter is, in general, a reflection of a
larger amount of muscle mass.3® Moreover, the increased
growth and development is responsible for a significant
gain in muscle strength, speed, flexibility, endurance, agil-
ity, and cardiorespiratory fitness,3%-3° which may reflect in
a shorter test execution time for older children. In addition,
biomechanical factors are directly related to those increases
because the larger the body size, the longer the leg length,
which generates a more efficient lever in the execution of
the movements.3°

The finding that age was the greatest influence on test
results, similar to the 6BMWT, reinforces what Malina et al40
found in their study. According to the authors, subjects
who were advanced in sexual and skeletal maturity within
a chronological age group performed better on tasks of
strength, power, and speed compared to those who were
less mature. Therefore, the TGlittre-P test result is in-
fluenced by the development process, considering that
older children perform the test in a shorter time. A
limitation of this study is the fact that we did not control
for sexual maturation. Future studies should evaluate
the influence of this variable on the performance of the

941



REFERENCE EQUATIONS FOR THE PEDIATRIC ADL-GLITTRE TEST

Table 3.  Reference Equations for the TGlittre-P and Comparison of Reference Values and Times Observed in the TGlittre-P Test

TGlittre-P Reference Equation R? Adjusted R? P
Female
Simple linear regression
Age 3.781 — (0.083 X Age) 270 252 .001
Height 4.639 — (0.012 X Height) 185 165 .004
Weight 3.376 — (0.011 X Weight) 133 113 .02
Multiple linear regression
Age, height, and weight (stepwise) 3.781 — (0.083 X Age)* 270 252 .001
Enter 3.675 — (0.118 X Age) + (0.001 X .286 232 .003
Height) + (0.006 X Weight)
Weight and RLL length (stepwise) 4.285 — (0.017 X RLL)¥ .160 .143 .007
Male
Simple linear regression
Age 4.025 — (0.123 X Age) 410 .396 .001
Height 5.151 — (0.017 X Height) 284 267 .001
Weight 3.457 — (0.019 X Weight) 207 187 .002
Multiple linear regression
Age, height, and weight (stepwise) 4.025 — (0.123 X Age)* 410 .396 .001
Enter 3.661 — (0.181 X Age) + (0.005 X 435 392 .001
Height) + (0.008 X Weight)
Weight and RLL length (stepwise) 4.741 — (0.026 X RLL)¥ 262 244 .001

Results of 7 tests to compare values estimated by the TGlittre-P equations and the times observed in the study.

* P = .55 (female), P > .99 (male).

T P = .92 (female), P = .63 (male).

RLL = length of the right lower limb

R? = coefficient of determination

The “Enter” method incorporates all analyzed variables into the model.

Table 4.  Mean TGlittre-P Time Observed Compared to the Equation
Estimate

Mean Time
of TGlittre-P
Presented by

Time of TGlittre-P
Estimated by the

Age,y Age Equation, min the Sample, min
Female* Malef Female Male
6 3.28 3.28 3.34 3.35
7 3.20 3.16 3.28 3.29
8 3.11 3.04 3.16 2.92
9 3.03 291 3.09 291
10 2.95 2.79 2.72 2.66
11 2.86 2.67 3.03 2.72
12 2.78 2.54 2.65 2.46
13 2.70 242 2.73 2.49
14 2.61 2.30 2.76 2.31

n =44 female subjects; n = 43 male subjects.
* EQUATION: time spent on the TGlittre-P = 3.781 — 0.083 X Age.
7 EQUATION: time spent on the TGlittre-P = 4.025 — 0.123 X Age.

test because it can be a determinant in the children’s
performance.

Another important aspect of in pediatrics is the mea-
surement of the lower limbs; although we included this
variable, it is not considered in functional tests. Children
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grow and have growth spurts, and thus larger stature may
be related to longer lower limbs.?® These changes can
result in greater stride and, consequently, higher velocity
in the test. We found that lower limb length had a mod-
erate negative correlation (female: —0.403 in the right
lower limb and —0.406 in the left lower limb; male: —0.512
in the right lower limb and —0.506 in the left lower limb)
with the time spent on the TGlittre-P, which counters the
work of Malina et al.*0

The influence of other measures and variables, in addi-
tion to lower limb measurement, should also be considered
in the performance of tests like the TGlittre-P in children,
such as muscular strength, wingspan, balance, coordi-
nation, and ability. The TGlittre-P is composed of sev-
eral types of activities that integrate psychomotor ele-
ments, such as the need to be agile and coordinated to
move objects quickly, balance during sitting and rising
from the chair and going up and down steps, and muscle
strength to be able to perform the whole test as quickly
as possible. The analysis of those abilities and capaci-
ties is relevant because children manifest their acquisi-
tion or improvement at different times. Although these
aspects were not evaluated directly in this study, they
are evaluated indirectly with the execution of the
TGlittre-P.
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In addition to the inherent complexity of the test, there
are other elements pertinent to the pediatric age group,
whose growth process is influenced by genetic (intrinsic),
environmental, nutritional, social, economic, and cultural
(extrinsic) factors.*! Tests like this evaluate not only phys-
ical abilities, but they also indirectly evaluate motivational
factors of the subject, willingness to perform requested
activities, and the ability to understand instructions.

Another limitation of our study was that accelerometry
evaluation was not introduced to verify the subjects’ level
of physical activity. However, special care was taken to
exclude children who participate regularly in athletic ac-
tivities. In addition, criteria related to global health should
be considered for rating children as healthy.

From a functional point of view, the results of the
TGlittre-P test performed by children was compatible with
the time spent by a healthy adult, which provides a logical
basis for clinical indication. In addition, the reference equa-
tions developed here may help the early assessment of
functional capacity in children with respiratory diseases,
as well as provide a means to follow up and verify the
effect of treatment on those patients. To this end, studies
evaluating the predictive validity of these equations in
chronic childhood diseases, such as bronchiolitis obliter-
ans, cystic fibrosis, asthma, and bronchiectasis, should now
be conducted with the TGlittre-P. This test can also be
used to identify general changes in functional capacity,
both in children with respiratory diseases and in children
with other conditions.

Conclusion

Reference equations to predict performance by children
were developed on the TGlittre-P, one for each gender.
Age is the most influential predictive variable in time spent
on the TGlittre-P, an ideal test for assessing the functional
capacity of children.
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