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Analysis of physiological variables during acute hypoxia and
maximal stress test in adolescents clinically diagnosed with
mild intermittent or mild persistent asthma*®

Analise de variaveis fisiologicas de adolescentes com diagndstico clinico
de asma leve intermitente ou leve persistente quando submetidos a
hipdxia aguda e teste de esforco maximo

Martin Maldonado, Luiz Osorio Cruz Portela

Abstract

Objective: To analyze adolescents clinically diagnosed with asthma, in terms of the physiological changes occurring
during acute hypoxia and during a maximal stress test. Methods: This was a descriptive, cross-sectional study
involving 48 adolescents (12-14 years of age) who were divided into three groups: mild intermittent asthma (MIA,
n = 12); mild persistent asthma (MPA, n = 12); and control (n = 24). All subjects were induced to acute hypoxia
and were submitted to maximal stress testing. Anthropometric data were collected, and functional variables were
assessed before and after the maximal stress test. During acute hypoxia, the time to a decrease in SpO, and
the time to recovery of SpO, (at rest) were determined. Results: No significant differences were found among
the groups regarding the anthropometric variables or regarding the ventilatory variables during the stress test.
Significant differences were found in oxygen half-saturation pressure of hemoglobin prior to the test and in
Pa0, prior to the test between the MPA and control groups (p = 0.0279 and p = 0.0116, respectively), as was
in the oxygen extraction tension prior to the test between the MIA and MPA groups (p = 0.0419). There were
no significant differences in terms of the SpO, times under any of the conditions studied. Oxygen consumption
and respiratory efficiency were similar among the groups. The use of a bronchodilator provided no significant
benefit during the hypoxia test. No correlations were found between the hypoxia test results and the physiological
variables. Conclusions: Our findings suggest that adolescents with mild persistent asthma have a greater capacity
to adapt to hypoxia than do those with other types of asthma.
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Resumo

Objetivo: Analisar varidveis fisiologicas de adolescentes com diagnodstico clinico de asma quando submetidos a
teste de hipoxia aguda e de esforco maximo. Métodos: Estudo descritivo transversal composto por 48 adolescentes
(12-14 anos), divididos em trés grupos: 12 no grupo asma leve intermitente (ALI), 12 no grupo asma leve
persistente (ALP) e 24 no grupo controle. Todos foram submetidos a teste de hipoxia aguda e a teste de esforco
maximo. Caracteristicas antropométricas foram coletadas, e varidveis funcionais foram determinadas antes e apds
o teste de esforco maximo. Em condicdes de hipdxia aguda, foram registrados o tempo de descida e o tempo de
recuperacdo de SpO, durante repouso. Resultados: Ndo foram encontradas diferengas significativas nas variéveis
antropométricas nem nas variaveis ventilatorias durante o teste de esforco entre os grupos. Foram encontradas
diferencas significativas na pressdo de oxigénio com 50% de saturacdo da hemoglobina antes do teste e na Pa0,
antes do teste entre os grupos ALP e controle (p = 0,0279 e p = 0,0116, respectivamente), assim como na tensio
de extracdo de oxigénio antes do teste entre os grupos ALl e ALP (p = 0,0419). Nao houve diferencas significativas
nos tempos de SpO, em quaisquer das condig¢es estudadas. O consumo de oxigénio e a eficiéncia da respiracdo
foram semelhantes entre os grupos. O uso de um broncodilatador nfo trouxe vantagens nos resultados no teste
de hipdxia. Ndo foram encontradas correlacoes entre o teste de hipoxia e as varidveis fisiologicas. Conclusoes:
Nossos achados sugerem que os adolescentes com asma leve persistente tém uma melhor capacidade de adaptacio
a hipdxia comparado aos com outros tipos de asma.

Descritores: Asma; Adolescente; Hipdxia celular; Teste de esforgo.
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Introduction

Asthma is a chronic inflammatory
disease  characterized by lower airway
hyperresponsiveness and  variable airflow
limitation. Studies conducted in various

countries suggest that the prevalence of
asthma has been increasing among children
and adolescents.!

Asthma  produces  bronchial  mucosal
inflammation, resulting in airflow limitation. The
reduction in airway diameter and the consequent
increase in airway resistance cause a decrease in
all maximal expiratory flows, producing blood
gas abnormalities. As a consequence of these
changes, there is an increase in the alveolar-
arterial oxygen tension difference, an increase
in physiological dead space, and a decrease
in Pa0,, resulting in hypoxemia. Hypoxemia
triggers tachypnea and an increase in minute
ventilation, with release of carbon dioxide,
causing hypocapnia and respiratory alkalosis.
These are the most common arterial blood gas
analysis findings in an individual experiencing
an asthma attack.©® Physiological phenomena
similar to those described in asthma attacks
occur at high altitude. The major factor affecting
the response of the body at high altitude is
the decrease in barometric pressure, which
results in a decrease in inspired oxygen tension
(PO,) and in Pa0,. Under these circumstances,
chemoreceptors send impulses to the respiratory
center in order to increase pulmonary ventilation.
At the hematological level, there is hypovolemia
associated with hyperventilation and increased
blood pH in the acute phase, giving rise to
respiratory alkalosis.

Studies have shown that the human
capacity to adapt at high altitude is individual,
and its variability has yet to be clarified.”
In an attempt to identify and relate elements
linking asthma to high altitude, it is surmised
that subjects with asthma, who are exposed to
more critical hypoxic situations than are normal
subjects, show physiological adaptations similar
to those found in hypoxic hypoxia.'? Tn view
of the aforementioned facts, the following
research question was proposed: Is it possible
that individuals with asthma have developed
physiological mechanisms that provide a
physiological response to acute hypoxia testing
and maximal stress testing superior to that of
individuals without asthma?

To answer this question, we analyzed the
behavior of physiological variables during
acute hypoxia and maximal stress testing in
adolescents clinically diagnosed with mild
intermittent or mild persistent asthma.

Methods

This was a descriptive, cross-sectional
study involving 48 male and female adolescent
students (12-14 years of age), residing in the city
of Santa Maria, Brazil, who were divided into
three groups: control (no asthma; n = 24); mild
intermittent asthma (MIA; clinical diagnosis;
n = 12); and mild persistent asthma (MPA;
clinical diagnosis; n = 12). All of the participants
reported having had no asthma attacks for a
while.

The adolescents were classified on the basis
of asthma severity by means of clinical diagnosis,
and spirometric data were added to strengthen
the diagnostic results.!"

In order to characterize the groups, the
International Physical Activity Questionnaire
(IPAQ), short version, was used in determining
the level of physical activity, and a health status
questionnaire was used in excluding symptoms
consistent with viral infection (cold or flu) in the
six weeks before the test, as well as in excluding
anemia and diseases that affect hematocrit
levels.

Students were included in the study only after
giving written informed consent, in accordance
with the requirements of the Brazilian National
Ministry of Health and in accordance with
Resolution no. 196/96.

We used the equipment and measurement
tools available in the Laboratory of Exercise
Physiology and Human Performance of the
Federal University of Santa Maria Center for
Physical Education and Sports, located in Santa
Maria, Brazil.

Respiratory variables were measured with
a Vmax 229 series spirometer (SensorMedics,
Yorba Linda, CA, USA). Acute hypoxia testing
was performed with a portable hypoxicator
device (GOZAltitude®; Biomedtech Australia Pty.
Ltd., Melbourne, Australia). Blood lactate levels
were determined with a Biosen 5030 lactate
analyzer (EKF Industrie, Elektronik GmbH,
Barleben, Germany). Blood gas analysis and
oximetry were performed with an ABL 520 gas
analyzer (Radiometer, Copenhagen, Denmark).
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Maximal stress testing was performed on an ATL
10200 treadmill (Inbramed, Sio Paulo, Brazil).
Monitoring of HR was performed with an
Accurex Plus device (Polar, Kempele, Finland).
The subjects included in the study
underwent the following sequence of tests:
Spirometry was performed only to complement
the clinical diagnosis of asthma. Subsequently, a
(pre-bronchodilator) hypoxia test was performed.
The exposure to hypoxia was performed, via a
mask, with the patient at rest and breathing
air with 11% oxygen (equivalent to being at an
altitude of 5,200 m), the test being interrupted
as soon as SpO, decreased to 82%. The time
elapsed until this value was reached—time to
a decrease (Td)—was recorded, and the subject
under evaluation was then removed from
hypoxia. After the test was interrupted, the mask
was removed, and the time elapsed until SpO,
increased back to 96%—time to recovery (Tr)—
was measured. In cases in which SpO, did not
decrease below 839%, the test was interrupted
at the sixth minute and the value reached
was recorded. Immediately after the hypoxia
test, an oral short-acting bronchodilator
(albuterol, 400 pg) was administered. During
the time lapse between administration and
onset of action (20 min), body composition was
evaluated by measuring triceps and subscapular
skinfold thickness. The percentage of fat was
calculated with the Lohman equation.'? After
a 20-min waiting period, a second (i.e., post-
bronchodilator) hypoxia test was performed. A
post-bronchodilator spirometry was performed
to identify potential airway obstruction.
Subsequently, a vasodilator cream (Finalgon;
Unilfarma, Lisbon, Portugal) was applied to
the earlobe. The earlobe was then punctured
with a micro-lancet (FEATHER BLDG., Osaka,
Japan), 20 pL of blood were drawn up into a
heparinized capillary tube for the measurement
of blood lactate levels, and 120 pL of blood
were drawn for the determination of PaO,,
oxygen half-saturation pressure of hemoglobin
(P,), and oxygen extraction tension (Px).
After blood collection, the maximal treadmill
stress test was started, in accordance with the
recommendations of one study."” The subjects
were connected to the gas analyzer via a
mask, and all of the spirometric variables were
measured. For the purpose of the present study,
only maximal oxygen consumption (VO, ) and
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the ventilation volume/oxygen consumption
(VE/VO)) ratio, known as the ventilatory
equivalent for oxygen, were used, because
these variables correlate better with physical
performance. After the test had been completed,
blood samples were collected from the earlobe
of each participant and the measurements were
immediately repeated.

Data were analyzed by nonparametric
statistics, because they did not show normal
distribution. The means of the groups were
compared by one-way ANOVA on ranks (Kruskal-
Wallis). When the means of the groups showed
significant differences, the Kruskal-Wallis test
was applied to 2 groups at a time in order to
determine which group differed from the others.
The dependent variables were compared by
the Wilcoxon matched-pair sign-rank test. The
variables were analyzed for correlation by using
Pearson’s correlation coefficient. The analyses
were performed with the SAS software program
(SAS Institute, Inc., Cary, NC, USA).

Results

The variables age, weight, height, percentage
of fat, body mass, and IPAQ score were analyzed
to determine how different the groups were from
each other in terms of biotype. When gender
was not taken into account, the groups studied
showed no significant differences in terms of
the aforementioned variables. When gender was
taken into account (Table 1), there were also no
significant differences within the same group or
among the groups. The exception was in relation
to the percentage of fat between genders in the
control group (p = 0.0164). The same result was
expected for the other two groups, but this was
not observed, and we believe it to be due to
the peculiarities of those groups. There was no
specific tendency that could be attributed to
asthma or to gender in any of the groups.

The VO,  results (Figure 1) showed a
significant difference between genders in the
control group (p = 0.0006). In view of this
finding, the groups were divided by gender for
analysis of VO, . Same-gender comparison of
VO, among the groups revealed no significant
differences.

The VE/VO, values were analyzed at different
percentages of total maximal stress test time
(Figure 2). The results showed that there were
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Table 1 - Biotypic characteristics of the groups, separated by gender.?

Characteristic Gender Groups p*
Control MIA MPA
Gender, n M 10 8 4 0.2208
F 14 4 8
Age, years M 13.4 + 0.7 12.65 + 1.1 12.8+ 1.3 0.2375
F 129 £ 1.0 13.0 £ 0.8 12.8 £+ 0.9 0.8939
p* 0.2736 0.5345 0.8491
Weight, kg M 51.0 £ 8.5 543 + 7.1 55.9 + 19.4 0.9133
F 49.7 + 8.8 43.7 £ 11.1 50.3 + 10.5 0.5149
p** 0.7253 0.2345 0.6104
Height, m M 162.8 + 8.0 159.9 + 9.6 158.4 + 16.1 0.7833
F 155.5 + 7.7 154.8 + 7.6 1552+ 7.0 0.9703
P 0.0609 0.3082 0.6104
Body fat, % M 15,5+ 5.6 19.1 £ 9.7 22,5+ 8.0 0.3300
F 22.1 £ 6.0 19.4 £ 9.7 25.4 + 8.7 0.3578
p** 0.0164 1.0000 0.3958
1PAQ score 4.1+ 0.5 4.0 £ 0.4 3.9 £ 0.7 0.5122

MIA: mild intermittent asthma; MPA: mild persistent asthma; M: male; F: female; and 1PAQ: International
Physical Activity Questionnaire, short version. “Values expressed as mean + SD, except where otherwise
indicated. *Kruskal-Wallis test for intergroup differences. **Wilcoxon test for intragroup gender differences.

no significant intergroup differences at the
different percentages.

In order to determine whether the respiratory
mechanisms of our subjects with asthma were
limiting factors or whether they affected gas
diffusion and VO,, the blood variables Pa0,, P, ,
and Px were assessed for potential intergroup
differences and also to establish whether the
values obtained in the groups were within the
normal range (Table 2).

The Pa0, values obtained before the maximal
stress test were within the normal range in the
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Figure 1 - Maximal oxygen consumption (VO, )
behavior in the groups studied, separated by gender.
MIA: mild intermittent asthma; and MPA: mild
persistent asthma. *Wilcoxon test (p < 0.001).

control and MIA groups, indicating that there
was no hypoxemia. However, in the MPA group,
the pre-test Pa0, values were significantly below
the normal range (p = 0.0116) when compared
with those found in the control and MIA groups.
This difference did not occur in the comparison
of the post-test Pa0, values among the groups.
In the comparison of the pre- and post-test
Pa0, values within each group, only the control
group showed significant differences. Although
these results cannot be elucidated in the
present study, they do suggest a differentiated
adaptation behavior in the MPA group.

The P_ values obtained before and after the
maximal stress test showed significant increases
in all of the groups. The pre-test P, values were
significantly lower in the MPA group than in the
control group (p = 0.02). Nevertheless, the P,
values found in the MPA group were above the
reference range. The post-test P, values showed
no significant differences in the comparison
among the groups.

In the present study, we reported only the
Px values obtained before the maximal stress
test. The data revealed that the lowest Px values
were found in the MPA group and the highest
values were found in the MIA group. Analysis
by the Kruskal-Wallis test showed that the MPA
group differed significantly from the MIA group
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Figure 2 - Mean ventilatory equivalent for oxygen
(VE/VO,) at different percentages of total maximal
stress test time in the three groups studied. C:
control; MIA: mild intermittent asthma; and MPA:
mild persistent asthma.

(p = 0.0419), which interestingly had higher
values than those found in the control group.
The results in the control group were similar to
those found in the MPA group, and there is no
explanation for this finding.

The variables related to blood oxygen tension
and the ventilatory variables were analyzed for
correlations. The results showed that, in the
MPA group, VE/VO, correlated negatively with
Pa0, (r = -0.72520), P, (r = -0.72754), and Px
(r=—0.77070), all of which were obtained before
the maximal stress test.

In order to determine the existence of
differentiated responses to hypoxia, the groups

were induced to acute hypoxia before and
after bronchodilator use, and Td and Tr were
analyzed (Table 3). The data showed that there
were no significant intergroup differences in
Td or Tr before bronchodilator use. Therefore,
the subjects with asthma, when compared
with each other or with the subjects in the
control group, did not show a better response
to hypoxia. The Td and Tr results showed no
significant intergroup differences even when
tested after bronchodilator use. The variables
Td and Tr were assessed for correlations with
the variables related to blood oxygen tension
and the ventilatory variables, and there was no
evidence of an association for any of them.

Discussion
Values of VO, ~ allow a comparative
analysis of the metabolic, cardiovascular,

and respiratory systems of individuals with
or without asthma, being considered the
best index of cardiorespiratory fitness and
aerobic endurance.'” One study reported that
the aerobic power of females is lower, being
equivalent to 65-75% of the aerobic power of
males." Same-gender comparison of VO,
among the groups revealed no significant
differences, which indicates that the individuals
with asthma had no limitations in terms of
cardiorespiratory fitness and is in agreement
with the findings of one group of authors.('®

Table 2 - Values of Pa0, and oxygen half-saturation pressure of hemoglobin, at the two study time points, as
well as oxygen extraction tension values, at one time point, in the groups studied.?

Variable Groups p*
Control MIA MPA
Pre-test Pa0,, mmHg n=12) n=28) n=8) 0.0116
83.3 +4.9 81.7 + 6.7 75.1+ 6.6
Post-test Pa0,, n=12) n=28) n=8) 0.5650
mmHg 79.6 + 9.8 79.5 + 8.8 74.4 + 8.2
p** 0.0159 0.2068 0.4478
Pre-test P, , mmHg n=8) (n=8) n=7) 0.0279
35.7+ 1.5 35.4 + 1.8 33.0+24
Post-test P, , mmHg (n=8) (n=8) (n=7) 0.4799
375+ 1.1 375+ 25 358+ 2.8
p* 0.0107 0.0430 0.0312
Pre-test Px, mmHg mn=11) mn=7 mn=17 0.0419
449 + 2.8 46.1 + 2.1 41.8 £3.5

MIA: mild intermittent asthma; MPA: mild persistent asthma; pre-test: blood was collected before the maximal stress
test; post-test: blood was collected immediately after the maximal stress test; P, : oxygen half-saturation pressure of
hemoglobin; and Px: oxygen extraction tension. “Values expressed as mean + SD. *Kruskal-Wallis test for intergroup

differences. **Wilcoxon test for intragroup differences between the two study time points.
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Table 3 - Pre- and post-bronchodilator values of time to a decrease in and time to recovery of Sp0, in the

groups studied.?

Variable Groups p*
Control MIA MPA
(n=23) n=12) (n=9)
Pre-BD Td, s 145.0 + 86.5 104.7 + 54.8 127.6 £ 76.4 0.2412
Post-BD Td, s 137.9 + 102.7 108.8 + 32.0 132.6 + 62.6 0.6406
P 0.2921 0.3651 0.6587
Pre-BD Tr, s 63.6 + 19.1 56.2 + 20.8 76.3 + 42.6 0.6824
Post-BD Tr, s 60.8 + 16.3 68.2 + 27.83 60.4 + 21.87 0.5931
p** 1.0000 1.0000 1.0000

MIA: mild intermittent asthma; MPA: mild persistent asthma; Td: time to a decrease; BD: bronchodilator; and Tr: time to
recovery. Values expressed as mean + SD. *Kruskal-Wallis test for intergroup differences. **Wilcoxon test for intragroup

differences between the two study time points.

According to some authors, individuals with
asthma have lower aerobic capacity because of
the airway obstructions occurring during asthma
attacks."”'® Therefore, analysis of VO,  served
to determine whether this oxygen consumption
capacity could be different among the groups
studied and whether it could affect their results
of response to hypoxia.

The VE/VO2 ratio describes the respiratory
efficiency, as well as revealing the amount of air
to be ventilated per liter of consumed oxygen.("
The comparison among the groups allowed us
to determine whether or not the similar oxygen
consumption, shown in Figure 1, occurred
because of ventilatory compensation, such as
an increase in ventilation, indicating poorer
respiratory efficiency in the study subjects than
in the controls.

Higher VE/VO, values represent poorer
respiratory efficiency, which could be understood
as one of the compensation mechanisms that
allowed the MPA group to obtain similar VO,
results to those obtained by the other groups.
The results shown in Figure 2 revealed an
“apparent” poorer respiratory efficiency in the
MPA group, which began to manifest at 30-40%
of total test time. However, the VE/VO2 obtained
showed that there were no significant intergroup
differences in the percentages of total test time,
which is in agreement with the literature,*?%
allowing us to state that the groups were similar
in terms of VE/VO,.

Values of Pa0O, represent the diffusion
gradient determining the transfer of oxygen from
the blood to the tissues'® and make it possible
to identify the presence of blood hypoxemia. The
absence of significant differences between Pa0,

and PO, in capillary blood, as well as the fact
that capillary blood collection is less painful and
less risky, favored the use of capillary sampling
in the present study.?'-»?

The PaO, values obtained before the
maximal stress test in the MPA group revealed
hypoxemia,® although the subjects in this
group were not experiencing attacks. This
hypoxemic profile could not be detected
previously by clinical evaluation, spirometry, or
exercise spirometry.

The statistical difference found in PaO,
before the maximal stress test in the MPA
group, in comparison with the other groups,
disappeared in the Pa0O, measurements taken
after the test. This was due to the fact that
the post-test PaO, values in the control group
decreased significantly in relation to their
respective pre-test values.

The fall in Pa0, on exertion is part of the
typical exercise profile in patients with severe
pulmonary disease.?® The exertion-induced
hypoxemia observed in the control group (p
= 0.0159) was similar to the normal behavior
described for high-performance endurance
athletes.?627)

The P, results found in the present study
were increased when compared with those of
adults.”® However, they can fluctuate because
of several factors, such as age. Higher P_ values
translate to reduced hemoglobin affinity for
oxygen and increased oxygen availability to
the cells. This reduced affinity does not affect
oxygen uptake at the alveolar level (only in
extreme situations in which PO, < 90p). In the
present study, the significant increase in the
post-test P, values in all of the groups was

J Bras Pneumol. 2011;37(6):712-719
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expected and can be explained by known factors,
such as pH, carbon dioxide, temperature, and
2,3-diphosphoglycerate, all of which affect the
oxyhemoglobin dissociation curve (Bohr effect),
providing increased oxygen availability to the
muscle in order to meet the demands of physical
exertion.

The post-test P, values in the three groups
showed a similar behavior to that observed for
the post-test PaO, values. This result, during
exercise, suggests that the individuals with
asthma (in both groups) showed no signs of
adaptation or of an increase in the ability to
transport and release oxygen to the tissues in
relation to the control group.

Values of Px reflect the combined effects
that changes in Pa0, and in hemoglobin affinity
for oxygen have on the arterial blood ability to
provide oxygen to the tissues. In the present
study, no Px reference values were found for
the age group under study, and the results
are described only on the basis of intergroup
comparison. For adults, Px reference values
range from 32 to 41 mmHg.*

The result of the correlation analysis between
blood variables and ventilatory variables was
understood on the basis that decreases in Pa0,,
P., and Px values, before the maximal stress
test, are signs of hypoxemia, which was present
in the MPA group. However, the VO,  values
reached in this group were similar to those
obtained in the control group, which suggests
the existence of differentiated systems of
homeostatic compensation.

For the analysis of the variables Td and Tr,
we hypothesized that the subjects with asthma
would respond to hypoxia more efficiently
than would the subjects in the control group,
since the former, because of the asthma
attacks, would have developed adaptation
mechanisms. The subjects in the MPA group
were hypoxemic at rest, and hypoxemia was
expected to increase even further with exposure
to hypoxic air. Since this did not occur and the
Td values were similar in all of the groups, it
was possible to conjecture that the MPA group
had differentiated mechanisms of adaptation to
hypoxia, in comparison with the other groups,
because the subjects in the MPA group reached
similar Td values although they were hypoxemic
before the test.

J Bras Pneumol. 2011;37(6):712-719

The hypoxia test was repeated after
bronchodilator use, because, if there was
obstructive airflow limitation, although not
significant by spirometric criteria, the test results
could be altered by the drug. The comparison
of the test results obtained at the two different
time points (before and after bronchodilator use)
allowed us to state that bronchodilator use did
not affect the results of the hypoxia test in the
subjects with asthma (not experiencing attacks)
or in the controls.

The Td and Tr values showed extremely high
deviations, being in agreement with the findings
of one author,®” who attributed such deviations
to the effect of individual variability on the
hypoxic variables Td and Tr.

In conclusion, the groups showed similar VO,
and similar respiratory efficiency, neither of which
affected the results of the other variables. The
use of a bronchodilator provided no significant
benefit during the hypoxia test. There was no
evidence of an association between the hypoxia
test results and the physiological variables
studied. The fact that, initially, the subjects in
the MPA group were hypoxemic at rest and that
they showed a similar response to hypoxia to that
observed in the other groups is suggestive of a
greater capacity to adapt to hypoxia. However,
this can be just a characteristic of the study
sample. Therefore, further studies are needed in
order to confirm these results.
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