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Abstract

PURPOSE: to compare the blood pressure and oxygen consumption (V O, responses between pregnant and non-pregnant
women, during cycle ergometer exercise on land and in water. METHODS: fen pregnant (27 fo 29 weeks of gestation)
and ten non-pregnant women were enrolled. Two cardiopulmonary tests were performed on a cycle ergometer (water
and land) at the heart rate corresponding to VO, over a period of 30 minutes each. Exercise measurements consisted
of recording blood pressure every five minutes, and heart rate and VO, every 20 seconds. Two-way ANOVA was used
and a=0.05 (SPSS 17.0). RESULTS: there was no difference in cardiovascular responses between pregnant and non-
pregnant women during the exercise. The Pregnant Group demonstrated significant differences in systolic (131.6+8.2;
142.6+11.3 mmHg), diastolic (64.8+5.9; 74.5+5.3 mmHg), and mean blood pressure (87.0x4.1; 97.2+5.7 mmHg),
during water and land exercise, respectively. The Non-pregnant women Group also had a significantly lower systolic
(130.5+8.4; 135.9+8.7 mmHg], diastolic (67.4x5.7; 69.0£10.1 mmHg), and mean blood pressure (88.4+4.8;
91.3+7.8 mmHg) during water exercise compared to the land one. There were no significant differences inV O, values
between water and land exercises or between pregnant and non-pregnant women. After the first five-minute recovery
period, both blood pressure and VO, were similar o pre-exercise values. CONCLUSION: for pregnant women with 27
fo 29 weeks of gestation, water exercise at the heart rate corresponding to VO, is physiologically appropriate. These
women also present a lower blood pressure response to exercise in water than on land.

Resumo

OBJETIVO: comparar as respostas da pressdo arterial e do consumo de oxigénio (VO,) no exercicio em biciclefa
ergométrica, realizado na terra e na dgua, por gestantes e ndo gestantes. METODOS: dez gestantes (enfre 27 e 29
semanas) e dez ndo geslantes realizaram dois tesfes em cicloergémetro (um na dgua e um na terra), na frequéncia

cardiaca correspondente ao primeiro limiar ventilatério (VO,, ), com duragdo de 30 minutos cada. A presséo arterial foi

2LV
aferida a cada cinco minutos durante o exercicio e a frequéncia cardiaca e o VO, a cada 20 segundos. Foi utilizada a
andlise de variancia twoway e a=0,05 (SPSS 17.0). RESULTADOS: ndo houve diferenca nas respostas cardiovasculares
enfre gesfantes e ndo gestantes durante o exercicio. O Grupo Gestante apresentou valores significativamente mais
baixos de presséo arterial sistélica (131,6+8,2; 142,6«11,3 mmHg), diostélica (64,8+5,9; 74,5+5,3 mmHg) e
média estimada (87,0x4,1; 97,2+5,7 mmHg), no exercicio aqudtico comparado ao ferresfre, respectivamente.
O Grupo Nao gestante também apresenfou valores de pressdo arterial sistélica (130,5+8,4; 135,9+8,7 mmHg],
diastélica (67,4+5,7: 69,0+10,1 mmHg) e média (88,4x4,8; 91,3x7,8 mmHg) mais baixos no exercicio na dgua
do que na terra, respectivamente. Os valores de VO, absoluto ndo apresentaram diferencas significativas, durante
o exercicio enfre gesfantes e ndo gestantes, como também nos meios aqudticos e ferresfres. Apds cinco minufos de
repouso pos-exercicio, fanto a pressdo arterial quanto o VO, j& apresentavam valores semelhantes aos de repouso
préexercicio. CONCLUSAQ: para gestantes enfre 27 e 29 semanas de gestacdo, a escolha pelo exercicio aqudtico
realizado na frequéncia cardiaca correspondente ao VO, ¢ fisiologicamente adequada. Essas mulheres também
apresentam um comportamento de press@o arterial mais baixo na dgua comparado ao meio ferrestre.
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Introduction

Aerobic exercise has been prescribed in pregnancy,
both for active and inactive women, and it should be part
of a global physical conditioning program'?. Literature
is scant regarding the modality, intensity, frequency, and
duration of maternal exercise, even though there is evidence
pointing that water exercise might be very adequate for
pregnant women®®. When people do exercise, different
physiological adaptations occur: modification in the body
temperature, increase in the circulating cathecholamines,
redistribution of the blood flow, alterations in ventilation,
in cardiac output and in the renal blood flow’. Moreover, as
these individuals get into the water, they suffer the effects
of immersion, such as: thermoregulation®, flotation®?,
and redistribution of blood flow'’, which generate deep
physiological modifications.

The influence of regular aerobic exercise on the acute
and chronic behavior of blood pressure (BP) during preg-
nancy, both for normotensive and hypertensive pregnant
women, is not clear'""*. Similarly, it has not been well
established if the medium (water or land) in which the
exercise is done may affect hemodynamic responses in a
different way during pregnancy, both in the acute and
in chronic setting.

Regarding oxygen consumption (VO,), there is
disagreement whether the mediums (water or land) and
the pregnant state may result in different behaviors, when
compared with the non-pregnant state'*'°. Such fact is
relevant and may affect, directly, the exercise prescription
during pregnancy.

This study aimed to compare the behavior of BP
and VO, during exercises done on a cycle ergometer,
performed at the heart rate (HR) of the first ventilatory
threshold (VOZVTl) and in the first 30 minutes following
the exercise, on land and in water, in pregnant and non-
pregnant women.

Methods

Subjects

The sample was composed of 20 women (established
by sample calculation for a significance of 0.05, p=80%
and correlation of 0.8), ten pregnant women, who parti-
cipated in a directed program of water gymnastics, and
ten active non-pregnant women, volunteers, and stu-
dents in the university. The following inclusion criteria
were used: to be at a gestational age between 27 and
30 weeks, present familiarity with the water medium,
be nonsmokers and have a medical authorization to be
submitted to the exercise tests. Besides similar inclu-
sion criteria, individuals of the Non-pregnant Group
were selected according to age and a body mass index

(BMI) similar to the pre-pregnancy one of the Pregnant
Group. All of them provided an informed consent form,
which was previously approved by the Ethics in Research
Committee of the Federal University of Rio Grande do
Sul (registered under number 2005449).

Study protocol

Four cardiopulmonary submaximal tests on a cycle
ergometer were carried out, with a minimal interval of 48
hours and a maximum of 72. The two first tests (one in the
water and one on land) were performed with a progressive
increment of load for the determination of the VO, in
each medium. In the water test, two cycle ergometers were
used. One, a Monark — Valburg/Sweden, remained outside
the water. It was connected by a 6-meter strap to the other
one, a Sculptor — RGS, Brazil, which remained in the water.
In the land test, the individual cycled the Monark cycle
ergometer. Evaluation started with weight and height
measurements (Stadiometer and Filizola Scale). Then, the
individual laid down in the left lateral decubitus position
for ten minutes for measurement of VOZ, HR, and BP.

The VO, evaluation was performed through porta-
ble gas analyzer KB1-C (Aerosport Inc.-USA), and the
software Aerograph (USA) was utilized. For BP measure-
ments, a mercurial sphygmomanometer Baumanometer
(W. A. Baum Co., New York) was used. And, for the
HR measurement, we utilized a Polar model F1™ (Polar
Electro Oy, Finland). Immediately, the subject remained
sat for three minutes and all variables were collected
again. These resting measurements in the sitting position
were compared with postexercise values. After that, the
individual sat on the bicycle and did a warm-up for one
minute, cycling at the speed of 50 rotations per minute
(rpm) without any load. Then, it was increased to the
initial load, corresponding to 25 watts (W), and had in-
crements of 25 W, every two minutes. The speed remained
constant though. The test was interrupted as soon as the
VO, was identified, through the analysis of the curve
inflection point of the ventilatory equivalent for oxygen
(VE/VOZ). Women who presented VOZLV1 between 9 and
22 mL.kg".min" were included in the study"’.

Next, two more tests, one in each medium, were carried
out (there was a draft to define the sequence of the tests), in
a continuous (rectangular) way during 30 minutes, at the
HR corresponding to the VO, ., found in the respective
submaximal test. A 30-minute period was established
in order to attempt the reproduction of aerobics activity
timing, usually observed in fitness centers.

In the water tests, the depth of the immersion was
close to the height of the xiphoid appendix and the mean
temperature was 32.4+0.37° C.

The continuous tests, performed for 30 minutes,
started with individual cycling for four minutes, without
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any load, at a speed of 50 rpm. The load was increased
until the individual reached the HR corresponding to
VO,,,,, according to what had been found in the pro-
gressive test in the corresponding medium. Exercise
measurements consisted of recording BP every five
minutes, and HR and VO, every 20 seconds.

At the end of the 30-minute period, the test was
interrupted without a cooling period, the individual was
asked to leave the bicycle and to sit on a chair. Postexercise
rest analysis was always carried out outside water. In the
water tests, the individuals were dried up and had to wear
a robe so that they would not feel cold. In the next 30
minutes, again, BP measurements were taken every five
minutes, and HR and VO, every 20 seconds.

Participants were aware of the fact that they could
not participate in any other physical activity during the
testing period, they could not ingest any food three hours
before the tests, and caffeine 24 hours before each test.

Statistical analysis

Descriptive statistics and Shapiro Wilk’s Test for
normality were used. Uniformity of the means between
the two groups was tested by the 7 test for independent
measures. Identification of pre-exercise resting values, for
each group, was done by the variance analysis (ANOVA)
for repeated measurements in the four-day test. In order
to verify whether the HR obtained in the progressive test
was the same in the continuous ones, the paired 7 test was
used. For the analysis of the dependent variables, during
and after exercise, regression for the different moments
of collections along the tests was used. As there was no
significance of the coefficients of the regression models
for the variables studied, it was possible to use a mean
of these values, both for exercise and postexercise data.
In order to compare the responses between the mediums
(water and land), between the state (pregnant and non-
pregnant), and the interaction between facts, ANOVA
two-way was used. Finally, to compare the situations
of pre-exercise and postexercise rest, in each group, the
paired ¢ test was used. The analyses described used a
significance level of up to 5%. The statistical software
package was SPSS 17.0.

Results

Table 1 shows the similarity between the two groups
regarding age and height. There is a difference in the items
that compared body mass and BMI between pregnant
and non-pregnant women.

Behavior of BP during exercise

Figure 1 shows a different behavior of BP during
exercise in water and on land, depicting the significant
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effect of the medium (systolic BP, p=0.008; diastolic BP,
p=0.016; mean BP, p=0.001). It is interesting to point
out that in the results of the interaction between state
and medium for the diastolic BP (p=0.077) and mean
BP (p=0.054), a tendency was verified with BP presen-
ting lower values during exercise in the water, probably
potentized by the pregnant state (Figure 1).

Behavior of VO, during exercise

The VO, behavior during the 30-minute exercise phase
presented in Figure 2 suggests that both the pregnant
state (pregnant women = 0.7+0.1 L'min™'; non-pregnant
women =0.7x0.1 L'min™), and the medium, in which
the exercise was done (water medium = 0.7%0.1 L'min™';
land medium 0.7+0.1 L'min™), did not interfere in the
behavior of this variable. The interaction between the
factors, state (p=0.786), and medium (p=0.424), was
not significant either.

Behavior of the BP during the postexercise period

The present study resulted in the return of the BP
to pre-exercise values, in the first measurement; measu-
red five minutes after the exercise had been interrupted.
Figure 3 shows the behavior of systolic, diastolic, and
mean BP. There was no difference in the mean of these
variables after water and land exercises. Both returned
quickly to pre-exercise values.

Behavior of VO, in the postexercise period

VO, did not differ between groups (pregnant
women = 0.2+0.05 L'min™'; non-pregnant wo-
men = 0.2+0.05 L'min™) in the 30 minutes following

Table 1. Characterization of the sample: means=standard deviation values of the variables:
age (years), height (m), body mass (kg), current body mass index (kg/m?), pre-pregnancy
mass (kg), pre-pregnancy body mass index (kg/m?), pre-pregnancy/current non-pregnant
body mass index (kg/m?), total weight gain (kg), weight gain during tests (kg), and initial
gestational age (weeks)

Pregnant  Non-pregnant
women women

Variables (n=10) (n=10) Significant

Mean=+SD Mean=SD
Age (years) 31.9£3.1 32.3£2.8 0.77
Height (m) 1.6=0.1 1.6=0.1 0.72
Body mass (kg) 65.5+6.4 58.2+6.3 0.01*
Current BMI (kg/m?) 24.9+19 21.8«1.7 0.00*
Pre-pregnancy mass (kg) 570+68
Pre-pregnancy BMI (kg/m?) 216+21
Pre-pregnancy /current BMI (kg/m?) 21.6=2.1 21.8+1.7 0.83
Total weight gain (kg) 8.5<1.7
Weight gained during tests (kg) 0.6+0.5
Initial gestational age (weeks) 27.7£0.5

SD: standard deviation; BMI: body mass index; significant difference between
groups: *a<0.05.
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Figure 1. Behavior of the systolic blood pressure (SBP, A, diastolic blood pressure (DBP, B), and mean blood pressure (MBP, C| expressed by the mean, in
water and land exercise, done by pregnant and non-pregnant women.
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Figure 2. Behavior of absolute oxygen consumption (VO2) expressed
by the mean in land and water exercise, done by pregnant and non-
pregnant women.

the exercise. The medium in which the exercise was done
(water = 0.2%20.04 L'min'; land = 0.2+0.06 L'min™") and
the interaction between the factors (state; p=0.660 and
medium; p=0.482) were not significant either. VO, values
were similar to those of the pre-exercise period.

Discussion

BP behavior

Studies demonstrated that BP was lower in water
exercises'’'®. This results are in accordance with the
present findings, in which pregnant women have lower
systolic (131+8 mmHg), diastolic (66x6 mmHg), and
mean BP (88+4 mmHg) in water exercise compared
with land exercise (systolic BP: 13910 mmHg;
diastolic BP: 72+8 mmHg; mean BP: 947 mmHg).
These data provided by our laboratory seem to be
important and relate to the potentialization of BP
behavior during water exercise, modified by the
pregnant state. A possible reason for the decrease
in the BP, during immersion, may be related to the
increase of cardiac preload', which is closely linked
to the increase of central BP during immersion?’. The
increase of central blood volume and cardiac output

causes a greater renal blood flow?!, mainly because of
the plasmatic rennin decrease. Consequently, there is
an increment in concentration of the atrial natriuretic
peptide’?, which contributes to the lowering effect of
the BP during immersion. Another possible expla-
nation for the decrease of BP in the water medium
is the water temperature (32.4+0.37° C), which may
promote vasodilatation and a systemic decrease in
arterial resistance®.

Most studies, which evaluated the response of BP
during land exercise, have not found any difference
when comparing pregnant and non-pregnant women>*%.
An interesting aspect to be observed is the duration
of the physical activity. In our experimental design,
we exercised both groups for 30 minutes, always at
the same intensity, differently from other studies**
?7 that presented shorter exercise duration (10 to
15 minutes). It is important to mention that in our
study in the first ten minutes of continuous exercise,
a similar systolic BP response between pregnant and
non-pregnant women was elicited. However, after the
first ten minutes, a tendency of increase in systolic BP
in pregnant women on land exercise was verified as
time went by (coefficients obtained in the regression
analysis of positive coefficient of 2.4 and significance
of 0.07 in the pregnant women; in the non-pregnant
women, it was negative, between -1.04 and 0.2, res-
pectively), as can be seen in Figure 4. This fact may
be explained by the theory that gradual increases in
the stroke volume and in cardiac output also cause a
gradual increase in systolic BP, along continuous land
exercise, in pregnant women. This behavior would
be different in water by the probable influence of the
length of immersion?®.

The present study has a practical application that
extrapolates the crude statistical analyses “per se”. With
the aim of amplifying the safety margin of pregnant
women, when they do exercises, water exercise, done at
the intensity of VO, , causes a BP lower than the cor-
respondent land exercise. It seems to be a relevant aspect
concerning exercise prescription during pregnancy.
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Figure 4. Tendency line of the means of sysfolic blood pressure at five
moments, during water exercise in the pregnant and non-pregnant groups.

VO, behavior

Corroborating with the present study, several au-
thors”**° did not find significant differences in the
behavior of VO, in pregnant women exercising on a cycle
ergometer, in submaximal intensities on land, when compared
to non-pregnant state. Significant differences in VO, at the
maximum equivalent load between pregnant (GA: 28+0.3
weeks) and non-pregnant women were reported in the lite-
rature’’. McMurray et al.”® and Spinnewijn et al.' concluded
that the VO, peak during pregnancy was lower in water exer-
cise than the one observed on land. The difference observed
among the mentioned studies and ours might be attributed
to different intensity and modality of exercise, which might
have influenced the results. Some studies mentioned above
compared swimming with exercising on a bicycle, whereas
ours used the same modality for both mediums*.

Behavior of the BP in the postexercise
Results found in this study are in agreement with
some authors® that evaluated pregnant women in the 37
week of pregnancy, during 12 minutes of exercise on a
cycle ergometer on land, and who verified that after 15
minutes of rest, the BP presented values similar to the pre-

exercise ones. Divergent results were showed by Hartmann
et al.>*, who verified a decrease in BP after water exercise.
The mechanisms that resulted in distinct behaviors* or
similar (present study) of BP after exercise done in water
and land mediums, between pregnant women, are not
clear yet. Nevertheless, it seems that the immersion in
water by pregnant women with preeclampsia has little
therapeutic effect. The lowering of BP is limited to a
short period of time, and it does not have an effect, that
is, endothelium-dependent vasodilatation®.

Behavior of VO, in the postexercise period

The intensity of exercise might reduce or prolong the
VO, kinetic during recovery®. The authors also observed
that in the lying position the excess of postexercise VO,
prolongs as in comparison to the sitting position. It is
probable that these two factors have contributed to the
results presented in this study (there was no difference
in VO, at rest in the pre and postexercise resting periods
in pregnant and non-pregnant women). Both the sitting
position adopted in our protocol during the recovery period
and in the low intensity of the exercise performed might
have influenced the behavior of the postexercise VO,.

It is important to mention some limitations of this
study. First, the HR was chosen as a variable to control
the intensity, due to its better practical application of the
results in the locations where pregnant women perform
exercises. However, it might have been interesting to know
which was the mean load used on the bicycle during the
tests. This datum was obtained when the exercise was
done on land. In the water, however, it was not possible
to assess the load used in this medium. Second, the data
found in this study do not enable us to extrapolate the
results found for all the gestational period, as the tests
were carried out in a single period of the pregnancy. As
a relatively small “n” was tested, the sample was as ho-
mogeneous as possible.




In conclusion, pregnant women, at the beginning of
the last trimester of pregnancy, presented cardiovascular
responses similar to the non-pregnant during exercise,
when performed at the intensity corresponding to the
VO,,.. The choice of water exercise, done under these
conditions, seems advisable as the pregnant women could
take part in a cardiovascular conditioning program,
presenting a lower BP behavior in comparison to that
observed on land.

As a practical application, the present data enabled
the assumption that the behavior of VO, in submaximal
activities, such as those elicited in this study, when
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