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Abstract 
Background: Studies on physical activity during pregnancy and its impact on 
mother and fetus are still limited. International protocols consider only aero-
bic exercise and fail to provide information about other modalities such as 
isometric exercise. Isometric exercise promotes cardiorespiratory resistance 
and muscle strengthening, but it is rarely tested on pregnant women because 
it increases maternal blood pressure and can subsequently affect placental 
circulation. Objective: To evaluate maternal and fetal response of low-risk 
pregnant women undergoing isometric testing through a Doppler velocimetry 
study. Methodology: A cross-sectional, experimental study was performed on 
46 healthy pregnant women (gestational age between 26 and 36 weeks) who 
underwent isometric testing. This testing was performed using a handgrip 
dynamometer to measure maternal and fetal hemodynamic parameters be-
fore, during, and after isometric testing. Results: There was a significant in-
crease in systolic blood pressure (BP; pre-isometrics 113.13 ± 9.92 mmHg, 
during isometrics 117.13 ± 10.24 mmHg, and post-isometrics 112.43 ± 9.87 
mmHg, p < 0.001) and heart rate (HR; pre-isometrics 87.52 ± 14.10 bpm, 
during isometrics 97.61 ± 14.83 bpm, and post-isometrics 85.13 ± 13.24 bpm, 
p < 0.001). There were significant decreases in the pulsatility index (PI; 
pre-isometrics 0.63 ± 0.15, during isometrics 0.56 ± 0.15, and post-isometrics 
0.65 ± 0.17, p = 0.001), resistance index (RI; pre-isometrics 0.44 ± 0.08, 
during isometrics 0.40 ± 0.07, and post-isometrics 0.45 ± 0.08, p = 0.001), 
and systolic/diastolic (S/D) ratio (pre-isometrics 1.81 ± 0.26, during isome-
trics 1.69 ± 0.24, and post-isometrics 1.85 ± 0.29, p < 0.001) of the left ute-
rine artery (UA). These results showed significant changes only during the 
isometric exercise, and not between the pre- and post-isometric exercises. 
There were no significant differences in fetal parameters when the results 
before, during, and after the isometric test were compared. Conclusion: 
Isometric testing had no repercussions for fetal hemodynamics in healthy 
low-risk pregnant women. 
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1. Introduction 

Physical activity is fundamental in all stages of life. Its health benefits are proven 
and include an improved cardiorespiratory system and lower risks of obesity and 
other comorbidities associated with a sedentary lifestyle [1] [2]. For women 
during pregnancy and the perinatal period, exercise helps control maternal 
weight gain, prevents the onset of gestational diabetes and preeclampsia, accele-
rates postpartum recovery, and reduces cesarean delivery rates, all without addi-
tional risks to the pregnancy or the fetus [3] [4]. 

However, studies on physical activity during pregnancy and its impact on 
mother and fetus, particularly in terms of different modalities and types of phys-
ical training, are still limited [3] [4]. 

International protocols [1] [2] consider only aerobic exercise and fail to pro-
vide information about other modalities such as isometric exercise. This modal-
ity is rarely tested on pregnant women because it increases maternal blood pres-
sure and can subsequently affect placental circulation [5]. 

Isometric exercise, which involves muscular contraction without changes in 
movement, is a part of daily activities, such as lifting and carrying heavy objects. 
By promoting cardiorespiratory resistance and muscle strengthening, isometric 
exercise aids in the prevention of lower back pain and contributes to the quality 
of other types of exercises, including aerobic exercise [5] [6] [7]. 

Therefore, the objective of this study was to evaluate maternal and fetal re-
sponse of low-risk pregnant women undergoing isometric testing through a 
Doppler velocimetry study. 

2. Material and Methods 

Study design 
A cross-sectional study was performed on healthy pregnant women receiving 

prenatal care from public health care centers in Santa Maria, Rio Grande do Sul 
State, Brazil. The study was performed from September to December 2017, on 
women at a gestational age between 26 and 36 weeks due to proximity of deli-
very. The sample calculation for significance of 5% and test power of 80%, based 
on a previous meta-analysis [7], indicated a sample of 50 healthy pregnant 
women. All subjects signed an informed consent form provided by the research-
ers. 

The exclusion criteria were history of previously diagnosed chronic disease 
(such as arterial hypertension or diabetes mellitus), smoking habit, drinking ha-
bit, use of illicit drugs, complications diagnosed prior to data collection (such as 
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preterm labor, premature rupture of membranes, placenta previa, multiple ges-
tation, and gestational diabetes), diagnosis of preeclampsia at any time during 
pregnancy, and any of the contraindications to the practice of physical activity 
provided by the 2015 ACOG guidelines (Table 1) [2]. 

Pregnant women from eight primary public health care centers in Santa Ma-
ria, Rio Grande do Sul State, received written invitations to participate in the 
study voluntarily during their prenatal visits. Telephone calls were made to 60 
pregnant women to explain the research protocol and to schedule the data col-
lection, which was performed in the Department of Fetal Medicine of the Santa 
Maria University Hospital (HUSM). The data collection was done after the study 
was approved by the institution’s Research Ethics Committee. 

Upon arrival, the women were instructed on how to use the manual handgrip 
dynamometer (Crown manual dynamometer with 100 kgf capacity), and they 
performed three consecutive attempts at maximum voluntary contraction (MVC). 
The mean score of these three attempts was the MVC used for data collection. 
Next, the women remained at rest in the semi-Fowler position for 10 min. 

Maternal pre-isometric data were then collected, including blood pressure, or 
BP (using a Welch Allyn™ manual blood pressure cuff), heart rate (HR), and ute-
rine artery (UA) Doppler ultrasound results (using a GE Voluson i portable ul-
trasound machine with a 3.5 - 5.0 MHz convex transducer). The fetal 
pre-isometric data collected were HR and the Doppler results for the umbilical 
artery (UmA), medial cerebral artery (MCA), and ductus venosus (DV). The 
Doppler study variables used were pulsatility index (PI), resistance index (RI), 
and the systolic/diastolic (S/D) ratio. 

 
Table 1. Contraindications to aerobic exercise during pregnancy. 

Absolute Relative 

-Hemodynamically significant heart disease -Anemia 

-Restrictive lung disease -Unevaluated maternal cardiac arryhthmia 

-Incompetent cervix or cerclage -Chronic bronchitis 

-Multiple gestation at risk of premature labor -Poorly controlled type 1 diabetes 

-Persistent second- or third-trimester bleeding -Extreme morbid obesity 

-Placenta previa after 26 weeks of gestation -Extreme underweight 

-Premature labor during the current pregnancy -History of extremely sedentary lifestyle 

-Rupture of membranes 
-Intrauterine growth restriction in the 
current pregnancy 

-Preeclampsia or pregnancy-induced hypertension -Poorly controlled hypertension 

-Severe anemia -Orthopedic limitations 

 -Poorly controlled seizure disorder 

 -Poorly controlled hyperthyroidism 

 -Heavy smoking 

Source: adapted from ACOG [2], PM = Premature labor; IGR = Intrauterine growth restriction. 
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After their data at rest were collected, the women began the isometric tests 
using the manual dynamometer with a contraction corresponding to 50% of 
MVC. Isometric positions were held for at least 1 min after the Doppler was in-
itiated, and they were sustained until 4 - 7 waves considered adequate by the 
examiner were captured. This step was repeated at least five times for the collec-
tion of the five variables of the Doppler study, with a 1-min interval between 
contractions. If fetal movements prevented the collection of fetal variables, the 
women were instructed to repeat the isometric test after the usual 1-min inter-
val. During the isometric contractions, all maternal and fetal data were collected 
again, always after 1 min holding the isometric contraction. 

At the end of the isometric test, the subjects rested again for 5 min, during 
which fetal biometry was performed, amniotic fluid was quantified, and the pla-
centa was evaluated. All maternal and fetal post-isometric variables were then 
collected again. 

All data from the Doppler study, including the calculation results of the 
Doppler variables, and on fetal biometry were obtained using the GE Voluson i 
ultrasound machine and the 4c-RS convex transducer provided by the HUSM 
Department of Fetal Medicine. These steps were performed by the most expe-
rienced researcher, who performed all of the collections. 

Data analysis 
Statistical analyses were performed with Statistical Package for the Social 

Sciences software, version 21, using Friedman’s two-way analysis of variance by 
ranks and a significance level of p < 0.05. The Bonferroni correction was then 
applied to compare the data sets from the collection (from the pre-isometric, 
isometric, and post-isometric periods). 

3. Results 

Of the 60 pregnant women scheduled, four did not attend the visit, three were 
excluded because of technical difficulties in performing the Doppler study, two 
were excluded due to suspected preeclampsia at the time of collection (these two 
were referred for consultation in the emergency department of the hospital, 
where the diagnosis was confirmed), and one woman was excluded for being a 
smoker, resulting in a total of 50 pregnant women as subjects. 

In the collection of the postnatal data, four subjects were found to have de-
veloped preeclampsia at the end of pregnancy and were therefore excluded from 
the statistical analyses (Figure 1). 

The mean age of the subjects was 25.69 (±6.90) years (range: 15 - 43 years). In 
terms of parity, 24 (52.17%) were nulliparous and 22 (47.83%) were multiparous. 
The mean gestational age (GA) at the time of sample collection was 33.22 
(±2.05) weeks (range from 28 weeks and 5 days to 36 weeks). The rate of seden-
tary lifestyles among the subjects was 76.08% before pregnancy and 91.30% dur-
ing pregnancy. The prevalence of active pregnant women was 8.7% (Table 2). 

At the beginning of the research protocol, the subjects were asked about their 

https://doi.org/10.4236/ojog.2018.86061


K. B. Soares et al. 
 

 

DOI: 10.4236/ojog.2018.86061 545 Open Journal of Obstetrics and Gynecology 
 

 
Figure 1. Protocol flowchart. 

 
Table 2. Description of the sample of pregnant women. 

 Total (N = 46) 

Maternal age 25.69 (±6.90) 

Parity  

Nulliparous 24 (52.17%) 

Multiparous 22 (47.83%) 

Gestational age (weeks) 33.22 (±2.05) 

Sedentary before pregnancy?  

Yes 35 (76.08%) 

No 11 (23.91%) 

Sedentary during pregnancy?  

Yes 42 (91.30%) 

No 4 (8.70%) 

Dominant hand  

Right 40 (86.96%) 

Left 6 (13.04%) 

Data represent mean ± standard deviation or number of cases with their percentages. 
 

dominant hand, which was most commonly the right hand (86.96%). They were 
also asked to perform an MCV on the hand grip dynamometer using the domi-
nant hand. The mean MVC was 21.22 (±3.90) kgf (range: 15 - 32 kgf). 

The analysis of the results of maternal parameters showed that there was a 
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significant increase (p < 0.001) in systolic BP (mean pre-isometric value of 
113.13 ± 9.92 mmHg, during isometrics 117.13 ± 10.24 mmHg, and post-isometrics 
112.43 ± 9.87 mmHg) and HR (pre-isometrics 87.52 ± 14.10 bpm, during iso-
metrics 97.61 ± 14.83 bpm, and post-isometrics 85.13 ± 13.24 bpm). There were 
significant decreases in the PI (pre-isometrics 0.63 ± 0.15, during isometrics 0.56 
± 0.15, and post-isometrics 0.65 ± 0.17; p = 0.001), RI (pre-isometrics 0.44 ± 
0.08, during isometrics 0.40 ± 0.07, and post-isometrics 0.45 ± 0.08; p = 0.001), 
and S/D ratio (pre-isometrics 1.81 ± 0.26, during isometrics 1.69 ± 0.24, and 
post-isometrics 1.85 ± 0.29; p < 0.001) of the left UA (Table 3). These results 
differed significantly only during isometric exercise, and not between pre- and 
post-isometric exercises. The right UA exhibited similar behavior, but the de-
creases in PI, RI, and S/D ratio were not significant. 

There were no significant differences in fetal parameters when the results be-
fore, during, and after the isometric test were compared. 

 
Table 3. Analysis of maternal and fetal pre-isometric, during isometric and post-isometric 
variables. 

post-hoc Bonferroni 

 Pre During Post p P1 P2 P3 

SBP 113.13 (±9.92) 117.13 (±10.24) 112.43 (±9.87) 0.000 0.004 0.004 1.000 

DBP 72.83 (±7.86) 73.43 (±9.16) 73.83 (±7.09) 0.685 - - - 

MHC 87.52 (±14.10) 97.61 (±14.83) 85.13 (±13.24) 0.000 0.000 0.000 0.526 

PI RUA 0.64 (±0.17) 0.62 (±0.17) 0.66 (±0.19) 0.139 - - - 

RI RUA 0.44 (±0.08) 0.43 (±0.08) 0.45 (±0.08) 0.112 - - - 

SD RUA 1.83 (±0.27) 1.79 (± 0.29) 1.86 (±0.31) 0.089 - - - 

PI LUA 0.63 (±0.15) 0.56 (±0.15) 0.65 (±0.17) 0.001 0.012 0.002 1.000 

RI LUA 0.44 (±0.08) 0.40 (±0.07) 0.45 (±0.08) 0.001 0.007 0.002 1.000 

SD LUA 1.81 (±0.26) 1.69 (±0.24) 1.85 (±0.29) 0.000 0.003 0.001 1.000 

FHR 139.54(±11.76) 141.09 (±11.30) 139.71 (±9.61) 0.559 - - - 

MCA PI 1.81 (±0.35) 1.87 (±0.37) 1.83 (±0.36) 0.729 - - - 

MCA RI 0.82 (±0.06) 0.82 (±0.06) 0.82 (±0.06) 0.927 - - - 

MCA SD 6.24 (±2.24) 6.57 (±2.39) 6.32 (±2.04) 0.816 - - - 

UmA PI 0.92 (±0.16) 0.94 (±0.17) 0.94 (±0.18) 0.856 - - - 

UmA RI 0.61 (±0.07) 0.61 (±0.07) 0.61 (±0.08) 0.994 - - - 

UmA SD 2.64 (±0.50) 2.66 (±0.57) 2.70 (±0.60) 0.983 - - - 

DV PI 0.60 (±0.23) 0.58 (±0.17) 0.60 (±0.17) 0.872 - - - 

Values represent mean ± standard deviation. P: Friedman’s two-way analysis of variance of ranks. P1: Bon-
ferroni correction comparing pre-isometric and during isometric results; P2: Bonferroni correction com-
paring during isometric and post-isometric results; P3: Bonferroni correction comparing pre-isometric and 
post-isometric results. SBP: systolic blood pressure, in mmHg; DBP: diastolic blood pressure, in mmHg; 
MHR: maternal heart rate, in beats per minute (bpm); PI: pulsatility index; RI: resistance index; SD: systol-
ic/diastolic ratio; RUA: right uterine artery; LUA: left uterine artery; FHR: fetal heart rate, in bpm; MCA: 
medial cerebral artery; UmA: umbilical artery; DV: ductus venosus. Source: authors. 
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During the isometric test, subjects were qualitatively assessed to determine 
whether they were experiencing any pain or discomfort in the hand or forearm, 
muscle tremors, or an increased respiratory rate. Forty-one subjects (89.13%) 
developed a tremor in the upper arm being used as they performed the isometric 
contractions, whereas 23 subjects (50%) reported pain in the muscle groups of 
the forearm and 21 subjects (45.65%) complained of pain only in the hand being 
used to grip the dynamometer. The increase in respiratory rate was observed by 
the ultrasonographer during the exam. This examiner noted a greater interfe-
rence of maternal respiratory movements in 58% of the pregnant women as the 
Doppler velocimetry study of the variables was performed. 

As for the fetal biometry evaluation, the estimated mean fetal weight was 
2.327 kg (±0.549 kg) (range: 1.312 - 3.405 kg). According to the biometry exam, 
30 fetuses (65.22%) were classified as appropriate for GA and 16 fetuses 
(34.78%) were considered large for GA. 

Postnatal data were obtained from 42 subjects. Of these, 80.95% had no com-
plications, 9.52% showed premature rupture of amniotic membranes, and 4.76% 
experienced premature labor. There were two cases of newborns requiring hos-
pitalization in a neonatal intensive care unit, one of which was due to hypoxia at 
birth and the other was due to fetal malformation (esophageal atresia) that was 
not diagnosed until after birth. The mean birth weight of the newborns was 
3.291 (±0.490) kg, with a mean GA at birth of 38.83 (±1.44) weeks. The mean 
first-minute Apgar score was 8.44 (±1.59), and the mean five-minute Apgar 
score was 9.51 (±1.25). Only two newborns were premature (Table 4). 

 
Table 4. Description of the postnatal data. 

 Total (N = 42) 

Type of birth  

Vaginal 24 (57.14%) 

Cesarean section 18 (42.86%) 

Time of birth  

Carried to term 40 (95.24%) 

Preterm 2 (4.76%) 

Apgar score  

1 min 8.44 (±1.59) 

5 min 9.51 (±1.25) 

Average weight (kg) 3.291 (±0.490) 

GA at birth in weeks 38.83 (±1.44) 

Complications  

None 34 (80.95%) 

Premature rupture of membranes 4 (±9.52%) 

Premature labor 2 (±4.76%) 
Need for neonatal ICU 2 (±4.76%) 

Fetal malformation 1 (±2.38%) 

Data represent mean ± standard deviation or number of cases with their percentages. GA: Gestational age. 
ICU: intensive care unit. 
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4. Discussion 

The present study aimed to show the effects of an isometric activity protocol on 
maternal and fetal hemodynamics. The protocol used herein was designed for 
the use of a hand-held dynamometer at 50% CVM, with isometric contractions 
of at least 1 min and with 1-min rest intervals between successive contractions. 

A 2013 review states that the isometric training protocols most commonly 
used in research employ 30% - 50% CVM for at least 2 min, with 1- to 4-min in-
tervals between successive isometric contractions [8]. 

Recently, the International Working Group on Maternal Hemodynamics pub-
lished recommendations for hemodynamic testing during pregnancy. In the case 
of the isometric test, this group recommends the use of a hand grip dynamome-
ter at 20% - 40% of CVM for 2 - 3 min, noting that the subjects may complain of 
pain or discomfort and may interrupt the exercise before the time alloted [9]. 

Indeed, most of the subjects herein complained of hand discomfort when 
gripping the dynamometer, some did not engage the correct muscle groups of 
the upper limb in use, and some interrupted the exercise before the end of the 
minute or before the sonographer was able to perform the Doppler study. In 
these cases, the exercise and data collection steps were repeated. 

It is important to note that the cross-sectional study model determined that 
the protocol was to be applied only once to each pregnant woman. Millar et al. 
commented in their review that four weeks or more of isometric training 3 - 5 
times per week are required for a systemic adaptive response, with a consequent 
reduction in resting BP [8]. However, this review sought to show the effects of 
isometric exercise on BP in hypertensive populations for the purposes of control 
and treatment of systemic arterial hypertension; this study neither included 
populations of pregnant women nor prioritized fetal response. 

Upper-limb isometric exercise using a handgrip dynamometer was chosen 
because of the ease of use of the equipment, lower cost of the equipment and, 
most importantly, to allow access to the subject’s abdomen for the ultrasound 
throughout the isometric exercise. 

A study published in 2006 sought to determine the effects of isometric activity 
on BP and HR in 37 women (13 of whom were pregnant, in which case the fetal 
HR was also evaluated). Different loads (30% and 50% CVM) and different mus-
cle groups as well as a hand grip dynamometer and a back and leg extension dy-
namometers were used. In their results, they reported a significant increase in 
maternal BP and HR and in fetal HR only when 50% of CVM was used in the 
exercises involving the back and leg extension dynamometer. The same differ-
ence was not observed with the manual grip dynamometer, and it was concluded 
that the size of the recruited muscle mass had more of a cardiovascular impact 
than the intensity of the contraction [5]. 

In the current study, no significant hemodynamic effects were found in the 
fetuses; however, significant changes in maternal BP and HR were observed, 
which are inconsistent with the findings of other published studies. There was 
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also a significant difference in the Doppler study of the left UA. 
Although no significant decreases in the PI, RI, or S/D ratio values were found 

in the right UA during isometric testing, this artery maintained the same beha-
vior as the left UA, with bilateral vasodilation when maternal BP and HR were 
abnormal. This vasodilation mechanism of the UAs appears to be compensatory, 
preserving the hemodynamic homeostasis of pregnancy, a finding which is evi-
denced by the fact that fetal hemodynamic parameters remained unchanged. 

A study published in 1993 [6] measured maternal hemodynamic response to 
isometric exercises of the lower limbs in 10 pregnant women (although the au-
thors did not evaluate fetal response). They also found a significant increase in 
mean maternal BP and HR during exercise, with a return to the initial BP values 
after the rest period, but with a sustained difference in HR. 

In 2000, Feiner et al. evaluated the effects of maternal isometry on placental 
flow in 34 pregnant women at GAs between 22 and 35 weeks using spectral 
Doppler. They found a significant increase in maternal parameters (systolic BP, 
diastolic BP, and HR) during exercise, with a return to baseline after rest; how-
ever, they did not find changes in the PI, RI, or S/D ratio values in the evaluated 
placental areas. Neither fetal Doppler nor fetal HR was evaluated [10]. 

As Meah and colleagues mentioned in their paper, few studies have reported 
results on fetal hemodynamics in response to isometric exercise because of the 
difficulty in performing fetal assessment during physical exercise; some studies 
have assessed the fetus shortly after the end of the exercise [9]. The fact that the 
fetal hemodynamic evaluation was performed at all times of the research proto-
col, including during the entire isometric activity performed by the pregnant 
women, distinguishes this study from others and is therefore one of its strengths. 

It is also important to note that the entire research protocol was performed by 
a single interviewer, and all ultrasonographic variables were collected by the 
same physician using the same device, factors which reduce the chances of biases 
in collection or measurement. 

A possible limitation of the study was the relatively short duration of the iso-
metric exercise protocol. Isometric exercise was performed at a single instance; 
hence, it was not possible to evaluate long-term systemic adaptive responses in 
these pregnant women. 

As in other epidemiological surveys and research, this study serves to reflect 
the alarming rate of sedentary lifestyles among women, which is even higher 
during pregnancy [11] [12] [13] [14]. In this study sample, 76.08% of the sub-
jects reported being sedentary before pregnancy and 91.30% of them reported 
being sedentary during pregnancy. Only 8.70% of the pregnant women engaged 
in some kind of physical activity during pregnancy. 

Studies performed in Brazil have revealed the prevalence of physically active 
pregnant women to be between 12.9% and 32.8% [11] [12]. In other samples, as 
many as 100% of pregnant women have reported being sedentary at 32 weeks of 
GA [13]. According to Nascimento et al., less than half of the women in their 
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sample received physical activity guidelines during prenatal care [15]. 
In one study in the United States, 65.6% of pregnant women practiced some 

type of physical exercise, but only 15.8% of them were able to maintain the level 
of activity recommended by ACOG [16]. In a British cohort, 48.8% of pregnant 
women at a GA between 18 and 32 weeks had three or more hours of exercise 
per week [14], and in an Irish cohort, 21.5% of the pregnant women in the sam-
ple were physically active [17]. According to a study performed in Portugal, the 
main reasons given as a barrier to physical exercise during pregnancy were lack 
of time, busy schedules, and a dislike for exercise [18]. 

All these studies show the global issue of a sedentary lifestyle and reflect the 
importance of the health care professional’s role in providing information on 
physical exercise, recommending it customarily, and knowing how to prescribe 
it. Given the fact that pregnant women are generally less active than adult wom-
en in the same age group, the role of the prenatal care provider becomes even 
more relevant; these professionals must encourage women to become and re-
main active throughout pregnancy in cases in which there are no contraindica-
tions. 

The use of isometric exercise may facilitate pregnant women’s compliance 
with physical activity, particularly because it is easier to perform, it does not re-
quire sophisticated equipment, and it is a shorter workout program than aerobic 
exercise (because it can typically be performed in half the time) [8]. 

5. Conclusions 

This study was able to show significant increases in maternal HR and systolic BP 
during the isometric exercise protocol as well as significant decreases in the PI, 
RI, and S/D ratio in the left UA during the test. In addition, the isometric test 
did not alter any of the fetal parameters studied. 

Therefore, this study results reflect the safety of isometric exercise regarding 
fetal hemodynamics among low-risk healthy pregnant women. 
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