
Page 1/16

Pregnant Supports on Hemodynamics Responses
during Postural Changes and Daily Physical
Activities: a randomized control trial
Kunanya Masodsai 

Faculty of Sports Science, Chulalongkorn University
Sasipa Buranapuntulug 

Faculty of Allied Health Sciences, Thammasat University
Parunchaya Jamkrajang 

College of Sports Science and Technology, Mahidol University
Pei-Ni Chen 

College of Sports Science and Technology, Mahidol University
Rungchai Chaunchaiyakul  (  gmrungchai@gmail.com )

College of Sports Science and Technology, Mahidol University

Research Article

Keywords: maternal wear, blood perfusion, pregnant, last trimester

Posted Date: February 26th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-207286/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-207286/v1
mailto:gmrungchai@gmail.com
https://doi.org/10.21203/rs.3.rs-207286/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background

Pregnant supports have been designed to prevent structural deviations but may impair blood circulation
of the lower limbs, in particular during the last trimester. In this study, we evaluate the effect of different
pregnant supports on hemodynamics responses during postural changes and daily physical activities.

Methods

Twelve last-trimester healthy pregnant women participated in this study. With randomized supports of
casual wear (CW), pelvic band (PB), and pregnant pants (PP), subjects performed postural changes
(standing and side lying using sitting as control), daily physical activities (climbing up and down stairs,
lifting, sit-to-stand, and 10 min walking), and routine pregnant exercises. Hemodynamic responses
including heart rate, blood pressure, stroke volume, cardiac output, local blood �ow, and perfusion around
the ankle were measured at the end of the 1st and 3rd minute after wearing pregnant supports.

Results

Standing position in CW group showed hemodynamic compensations via increasing diastolic blood
pressure (DBP, 1st minute) and heart rate (HR, 3rd minute), whereas there were no signi�cant changes in
the PB and PP groups. Side lying position lowered cardiac responses in all groups, with higher blood
perfusion in CW and PB, but not in PP. Cardiac variables, blood �ows, and perfusions showed no
signi�cant difference among pregnant supports during daily physical activities, and routine pregnant
exercises. The satisfaction evaluation on daily activities and routine exercises showed no difference
among pregnant supports but the preferential pregnant support is PB.

Conclusion

It can be concluded that PB offers similar hemodynamic adjustments during postural changes as casual
wear. PB support is recommended for pregnant women for daily physical activities, as well as routine
exercises.

Trial registration: The trial is retrospectively registered in http://www.clinicaltrials.in.th (01/02/2021) with
trial no: TCTR20210201003.

Background
During pregnancy, a woman’s body undergoes both physical and physiological challenges due to the
progressively growing fetus [1], and hormonal-induced loosening up of ligaments [2]. The above factors
will cause structural deviations, particularly during the last two trimesters [3]. Consequently, these
changes bring about physical limitations and sedentary behavior among pregnant women, which have
been associated with increased risks of abdominal glucose tolerance, gestational diabetes, and
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preeclampsia [4–6]. In some cultures pregnant women are not allowed to work and are even asked to
avoid some postures [7]. In pregnant women, blood pressure deviations and heart tolerance may appear
during postural changes and physical activities [8]. Pregnant supports are aimed to relieve these
problems.

Wearing tight dresses clearly limit some posture and physical abilities and can lead to discomfort [9].
Previous studies reported that tight clothing may be related to constipation [10], worsening of autonomic
nervous system [11] and digestive functions [12], decrease in trunk muscle strength, and increased risk of
lumbar problems [13]. During the 4th month of pregnancy, the growing fetus causes reduction in venous
return of the supine position due to compression of the vena cava and big arteries in the pelvic �oor. This
results in �uctuations in cardiac output and blood pressure during daily life [14]. Pregnant supports have
been designed to reduce pain, discomfort and better perception on body contour [15]. Despite many
maternal products, the alterations on hemodynamics from pregnant supports have rarely been
investigated. In this study, we evaluate the two common pregnant supports on hemodynamic
adjustments of the lower limbs during postural changes and physical activities in pregnant women
during the last trimester.

Methods
Participants

Twelve pregnant women (20–30 years of age), calculated from previous similar study, from the Maternal
Clinic of Thammasat University Hospital voluntarily participated in this study. Inclusion criteria are those
within the last trimester of pregnancy, having good health, no history of cardiorespiratory or
musculoskelatal problems, anemia, hypertension, preclampsia, and diabetes mellitus. After screening by
an obstetrician, the experimental procedures were clari�ed along with the possible risks and bene�ts of
the study.

Written informed consent forms were signed.
All tests were conducted within the same room with 25°C at College of Sports Science, Mahidol
University. The instructions were explained to the subjects a few days prior to the test. These included
work/rest periods, regular meals and ad libitum of water, avoidance of chocolate, coffee, tea, and alcohol
beverages, etc.
This study was approved by the Institution Research Board of Mahidol University (MU-IRB
2012/129.2607) with Thai Clinical Trials Registry number of TCTR20210201003.

Experimental protocol

The height, body mass index (BMI), total body weight, fat percentage, free fat mass, visceral fat, muscle
mass, bone mass, and basal metabolic rate (BMR) of participants were evaluated (Bioelectric impedance
analyser, Tanita SC330, Japan). Subjects had to complete three parallel randomized interventions of
casual wear (CW, daily home-based loose wear served as control condition), pregnant pelvic band (PB),
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and pregnant pant (PP) (Fig. 1). The randomized sequence of all intervention was completed by an only
female investigator. Hemodynamic functions, including heart rate (HR), stroke volume (SV), cardiac
output (CO), ejection fraction (EF), and systemic vascular resistance (SVR) were identi�ed using non-
invasive method of impedance cardiographs (Physio�ow, Manatec Biomedical, France). Systolic and
diastolic blood pressures (SBP and DBP respectively) were measured using the sphygmomanometer.
Blood �ow and perfusion were estimated at the dorsalis pedis artery and the adjacent skin area using an
ultrasound Doppler (Vascular Assist, Huntleigh, UK) and laser Doppler (MoorVMS-LDF, UK) respectively.
These hemodynamic variables were collected for the �rst 15 sec of the 1st and 3rd minutes [16] after
subjects changed to a new support, during postural changes, daily physical activities, and routine
pregnant exercises [17].

Subjective evaluation was done using a modi�ed questionnaire [18, 19]. It contained personal
information, and satisfaction indices from postural changes and physical activities. With a �ve-point
scale, this questionnaire was used to estimate the satisfaction indices while the subject performed 2
activities of daily physical activity, and routine pregnancy exercises.

Statistical analysis
All data were presented as means and standard error of mean (SEM). The SPSS statistical package
(version 21; SPSS, BMI, New York, USA) was used to analyze the data. The difference between the data
collected was determined using Repeated-measured ANOVA with Tukey post-hoc test. Statistical
signi�cance was accepted when p < 0.05.

Results
Five subjects were eliminated due to scoliosis, acute severe back pain, and legs edema. The remaining
twelve participants had normal condition with no impact of acute malnutrition and gestational diabetes
mellitus during the period of this study. Anthropometric data (means and standard deviations) including
age, body weight, and height were 32.8 ± 5.2 years, 64.8 ± 8.0 kg, and 158.4 ± 6.4 cm respectively with
gestation of 7.6 ± 0.5 months. BMI, total body water, body fat, and bone mass percentages, and daily
basal metabolic rate were 25.9 ± 3.2 kg/m2, 47.9 ± 2.7 %, 35.1 ± 4.9 %, 3.9 ± 0.3 %, and 1284.9 ± 110.2
Kcal respectively.

Hemodynamics and Postural Changes:
Hemodynamic from CW at rest in the sitting position were used as the control (Table 1). The standing
position doubled the blood �ow to the feet in PB at min 3 (rest-min 3, p < 0.05), with higher DBP (rest-min
1, CW, p < 0.05) and higher HR (rest-min 3, CW, p < 0.05).

Side lying position caused immediate higher blood perfusions in CW (rest-min 1 and rest-3, p < 0.05), and
in PB (rest-min 1, p < 0.05). The other hemodynamic in this study showed remarkable reductions during
side lying position. There were reductions in SBP in CW (rest-min 3 and min 1–3, p < 0.05), in PB (rest-min
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1 and rest-min 3, p < 0.05), and in PP (rest-min 3, p < 0.05). DBP showed the reductions in CW (rest-min 1,
rest-min 3, and min 1-min 3, p < 0.05), in PB and PP (rest-min 1, rest-min 3, p < 0.05). There were
reductions in HR in CW (rest-min 3, p < 0.05), in PB (rets-min 1, p < 0.05) and in PP (rest-min 1, rest-min 3,
p < 0.05). With the exception of higher CO in PB (rest-min 3, p < 0.05), CO, SV, EF, and SVR showed no
signi�cant difference among supports and postural changes.
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Table 1
Comparison of changes in hemodynamics functions with CW, PB, and PP supports during different

positions of side lying, and standing (sitting at rest as control).
Standing

Hemodynamic
Changes

CW PB PP

Rest
(sitting)

Min1 Min3 Min1 Min3 Min1 Min3

Blood �ow
(ml/min)

3.54 ± 
0.94

6.80 ± 
1.26

5.82 ± 
1.27

6.55 ± 
1.84

7.27 ± 
1.81*

5.73 ± 
1.16

6.55 ± 
1.98

Blood perfusion
(arbitrary unit)

14.55 ± 
2.45

14.49 ± 
2.19

15.63 ± 
3.41

13.69 ± 
2.55

12.42 ± 
2.63

19.26 ± 
6.39

18.98 ± 
7.83

SBP (mmHg) 110.55 
± 3.87

115.64 
± 2.09

113.27 ± 
2.56

108.10 
± 3.62

108.40 
± 3.20

109.36 
± 2.12

111.18 
± 3.17

DBP (mmHg) 68.27 ± 
2.57

72.82 ± 
2.08*

72.00 ± 
2.20

68.60 ± 
2.42

70.60 ± 
1.82

71.45 ± 
2.71

70.64 ± 
3.02

HR (bpm) 90.00 ± 
4.09

95.00 ± 
3.90

97.92 ± 
3.42*

95.90 ± 
4.23

95.70 ± 
3.21

94.82 ± 
5.34

92.55 ± 
5.48

SV (ml) 65.05 ± 
5.39

65.45 ± 
6.21

68.79 ± 
5.83

73.28 ± 
4.87

76.42 ± 
4.72

68.65 ± 
5.79

68.53 ± 
6.24

CO (L/min) 5.97 ± 
0.47

6.69 ± 
0.54

6.71 ± 
0.65

7.38 ± 
0.50

7.77 ± 
0.43*

7.06 ± 
0.73

7.07 ± 
0.68

EF (%) 68.00 ± 
6.06

66.81 ± 
7.32

68.85 ± 
7.61

76.31 ± 
5.86

75.60 ± 
6.24

76.77 ± 
3.67

77.41 ± 
3.57

Side Lying

Blood �ow
(ml/min)

3.54 ± 
0.94

5.44 ± 
1.12

5.30 ± 
1.28

4.90 ± 
0.85

3.90 ± 
0.39

5.80 ± 
1.47

4.73 ± 
1.17

Blood perfusion
(arbitrary unit)

14.55 ± 
2.45

22.49 ± 
2.82*

18.31 ± 
2.94#

23.07 ± 
3.32*

19.54 ± 
3.62

19.4 ± 
2.42

17.77 ± 
2.02

SBP (mmHg) 110.55 
± 3.87

102.80 
± 4.66

100.00 ± 
4.07*#

98.91 ± 
4.11*

96.40 ± 
4.25

101.91 
± 3.41*

99.36 ± 
3.28*

DBP (mmHg) 68.27 ± 
2.57

59.60 ± 
3.27*

58.64 ± 
3.43*

56.82 ± 
2.77*

57.40 ± 
2.67

59.55 ± 
3.05*

58.55 ± 
3.03*

HR (bpm) 90.00 ± 
4.09

85.18 ± 
2.97

83.42 ± 
3.84*

83.91 ± 
2.63*

86.60 ± 
3.17

82.73 ± 
3.54

82.27 ± 
3.31*

SV (ml) 65.05 ± 
5.39

71.82 ± 
5.02

71.64 ± 
5.17

76.87 ± 
5.11

73.98 ± 
4.41

67.71 ± 
7.02

66.87 ± 
7.71
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Standing

CO (L/min) 5.97 ± 
0.47

6.07 ± 
0.41

6.20 ± 
0.50

6.63 ± 
0.42

6.55 ± 
0.44

5.76 ± 
0.65

5.67 ± 
0.65

EF (%) 68.00 ± 
6.06

67.79 ± 
5.66

67.70 ± 
4.67

73.28 ± 
4.24

69.76 ± 
4.14

74.33 ± 
4.20

71.03 ± 
4.70

Values reported are means and standard errors at rest during the 1st (min 1) and 3rd (min 3) after
changing to the new position. * p < 0.05; signi�cant difference from rest; # p < 0.05; signi�cant difference
from Min 1.

Hemodynamics and Physical Activities:
Two physical stresses of daily physical activities (Fig. 2) and routine clinical pregnant exercises (Fig. 3)
were used in this study. There were no signi�cant changes in hemodynamics during the two physical
stresses no matter which pregnant supports were put on. This study determines no limitation of physical
activity and routine exercises among pregnant women wearing PB or PP.

Satisfaction evaluation on physical activity in daily life and selected pregnancy exercises obtained from
questionnaires were analyzed using CW data as reference. Immediately after putting on PB and PP these
scores were not signi�cantly different among the groups (Table 2). However, the score in PB was the
highest for both physical activities in daily life (p = 0.051) and pregnancy exercises (p = 0.06).

Table 2
Average satisfaction indices of activities in daily life and pregnant exercises.

  CW PB PP p-value F

Daily activities 3.63 ± 0.34 4.61 ± 0.19 4.40 ± 0.22 0.051 3.78

Pregnant exercises 3.69 ± 0.41 4.67 ± 0.19 4.63 ± 0.22 0.67 3.35

Discussion
This study demonstrates that pregnant supports assist immediate hemodynamic adjustments during
postural changes. It is believed that the elasticity of pregnant supports offer some additional function of
baroreceptors in healthy pregnancies in the standing position. As the hydrostatic pressure diminishes
during the side lying position, it will lower hemodynamic adjustments with greater immediate blood
perfusion With limitation during the last trimester, these compensations cannot be demonstrated in the
supine position due to the risk of abdominal aorta compression [20]. Daily physical activity and routine
pregnant exercises do not affect hemodynamics. From our results, pregnant supports are recommended
with no limitation on lower limb hemodynamics.

The physiologic adjustments in pregnancy to meet the metabolic demands for both mother and fetus are
critical, particularly during postural changes and daily physical activities. On the other hand,
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hemodynamic insu�ciency during pregnancy leads to complications of pregnant women in North
America [21]. Several cardiovascular adjustments in pregnant women necessarily compensate to lower
the above risks during pregnancy [22].

The current study aimed to report anthropometric status during the last trimester and will not focus on
the dynamic gestational weight gain (GWG). Previous investigations on anthropometry of pregnant
women reported wide ranges of BMI from 18–20 kg/m2 in South Asia [23] and 25.3 up to 68.3 kg/m2

among the South-Asian pregnant women [24]. With report in South-East Asia, maternal BMI in this study
is categorized as the borderline of pregnant obese group [25]. Total body water of 50% [26] and daily
basal metabolic rate of 1300–1400 Kcal are accepted [27]. The dynamic changes in body composition
from �uid shifting between mother and the growing fetus may be a major explanation on pregnant
anthropometric changes [28]. Other body composition variations during gestation depends on methods
being used and will not able to differentiate between mother and fetus [29]. Thus, this study will pay
attention on hemodynamics changes.

To our knowledge, this is the �rst study on hemodynamics in pregnant women during postural changes
and physical activities. For safety reasons, invasive methods have rarely been done in pregnant subjects
[30], thus, most previous investigations used non-invasive methods of echocardiogram and magnetic
resonance images, which are limited by the mother being set in a steady position [31, 32]. To overcome
the above limitation, the present study used non-invasive method of impedance cardiographs
(Physio�ow®), which shows high validity and reliability and permits continuous measurement in
pregnant women during postural changes [33, 34].

Pregnancy is associated with various physiologic adaptations to ensure adequate uteroplacental
circulation for fetal growth and development [35]. Those hemodynamic compensations involve factors of
either inside or outside the heart. Cardiac output increases throughout early pregnancy, and peaks in the
last trimester, usually to 30–40% above baseline. The rise in cardiac output is mediated to estrogen-
induced higher overall blood volume, which in turn increases pre-load and stroke volume [22]. A long-term
study throughout the period of pregnancy by imaging found that there were �uctuations of SBP and DBP
from thickening of intima-media (IM) and inter-adventitial diameter (IAD) of the common carotid artery
(CCA) on the �rst trimester which returned to pre-pregnancy level on the last trimester [36]. The absolute
outcome of vasodilation during pregnancy is known as systemic compensation, which shows the
remarkable drop in systemic vascular resistance (SVR, 900 dynes.sec− 1.cm− 5) during the second
trimester and the gradual increase to near pre-pregnancy levels (1200 dynes.sec− 1.cm− 5) during the last
trimester [22]. Another reason for the reduction in SVR is due to smooth muscle relaxation and overall
vasodilation caused by elevated progesterone and relaxin, leading to a fall in blood pressure [37].
Diastolic blood pressure consistently decreases between 12–26 weeks, and increases again to pre-
pregnancy levels about 2 weeks after delivery [22]. This is due to increased vascular compliance shown
during the �rst trimester [38]. As a result of vasodilation, the reductions of SBP, and DBP are seen in this
study. In fact, these blood pressures fall since early pregnancy with the lowest at the second trimester,
about 5–10 mmHg below baseline [22]. No matter which pregnant support is being used, our study
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shows that reductions of SBP, DBP, and HR are particularly seen in the side lying position. These occur at
the 1st and sustain to the end of the 3rd minute. This adjustment is possibly via the increase in maternal
sensitivity of baroreceptors [39]. Considering the cardiac contractility during physical activity, this study
found no changes in SV, end diastolic volume (EDV), and EF among different supports. This is similar to
evidence from previous study in that there is no change in cardiac contractility, left and right ventricular
ejection fractions during pregnancy [31].

It is believed that the size of growing fetus will further put more discomfort on the mother’s pelvic organs
including decreased gastrointestinal motility, prolonged transit time, and displacement of the intestines
upward and outward [40]. The risks of pelvic blood vessel compression are likely aggravated by the
growing fetus, which is particularly prohibited in the supine position [20]. Thus, investigation in the lateral
side lying position is a standard practice for clinical maternity care provider [41]. It is speculated that
exercise intolerance might possibly appear in pregnant women. However, we did not �nd any di�culties
during exercises and daily physical activities. Possibly, the intensity of the two modes of physical stress
used in this study were too low.

Questionnaires used in the present study were aimed to qualitatively estimate the feeling and perception
of pregnant women while using different supports during physical activities. For ease of use,
investigators simply modi�ed a 5-point scale questionnaire [18, 19]. For safety reasons, some select
exercises were chosen for pregnant women as previously prescribed [17]. This study found satisfaction
index (CW) above 3.6 out of 5. PB and PP supports. Pregnant supports in this study had been partly
designed based on the Three-Point Pressure Principle [42]. With a semi-rigid portion (A band, Fig. 1) where
lines of force from elastic bands point directly toward the A band. This design will prevent forward
displacement of abdominal contents, as well as hyperextension of the lumbar spinal column [43].
Comfort feeling during movement is also evaluated during pregnancy according to a previous study [44].
Comfortable perception in pregnant women would be helpful for the design of maternity support that
required to satisfy ergonomic needs with pain-free feeling. In our study, it seems likely that PB support is
the most preferential. This �nding is consistent with a recent study showing that maternity support
garments are regarded as a convenient and safe device to stabilize the lumbar spine so as to relieve pain
[45]. In addition, Ho and co-workers reported that maternity support garments are a convenient and easily-
accessible therapy to manage lower back pain during pregnancy and are frequently recommended and
worn by pregnant women [46].

Conclusion
The present study indicates that the two common pregnant supports (pelvic band and pregnant pant)
used during the last trimester assists hemodynamics adjustments of the lower limbs during postural
changes. The side-lying position reduces responses of the heart while immediate cardiovascular
compensations are adjusted in healthy pregnant women. Pregnant supports also exert no limitations on
daily physical activity and routine pregnant exercises. The comfortable scores of pregnant supports are
accepted similarly to casual wear.
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Abbreviations
CW casual wear; PB pelvic band; PP pregnant pant; DBP diastolic blood pressure; HR heart rate; BMI body
mass index; BMR basal metabolic rate; SV stroke volume; CO cardiac output; EF ejection fraction; SVR
systemic vascular resistance; SBP systolic blood pressure; SEM standard error of mean; UP upstairs; DS
downstairs; STS sit-to-stand; LB lifting a light-weight box; SW 10-m slow walk; CP cat pose; DD downward
dog; GP garland pose; TP tailor pose; LS lotus sit; BG bridging; GWG gestational weight gain; IM intima-
media; IAD inter-adventitial diameter; CCA common carotid artery; EDV end diastolic volume.
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Figures

Figure 1

CW and two supports (PB and PP semi-rigid part (A band) at the lower back with vector lines of pull) used
during randomized trials in last trimester pregnant women.
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Figure 2

Hemodynamic changes from CW, PB, and PP supports during daily physical activity of upstairs (UP) and
downstairs climbing (DS), sit-to-stand (STS), lifting a light-weight box (LB), and 10-m slow walk (SW).
Values are means and SEM.
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Figure 3

Hemodynamic changes from CW, PB, and PP supports during routine clinical pregnant exercises of cat
pose (CP), downward dog (DD), garland pose (GP), tailor pose (TP), lotus sit (LS), and bridging (BG).
Values are means and SEM.


