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Abstract

Purpose: Preeclampsia is a leading cause of perinatal mortality and morbidity,
and it increases maternal risk for future cardiovascular disease. The purpose
of the study was to explore the relationships among stretching exercise, auto-
nomic cardiac response, and the development of preeclampsia.

Design: Secondary data analysis.

Methods: Heart rate and pulse pressure were longitudinally examined in this
secondary data analysis among women who engaged in stretching exercise
daily from 18 weeks of gestation to the end of pregnancy compared with
women who did walking exercise daily during the same time period. A to-
tal of 124 women were randomized to either stretching (n=60) or walking
(n=64) in the parent study.

Findings: Heart rates in the stretching group were consistently lower than
those in the walking group.

Conclusions: Based on the results of this secondary data analyses, a physi-
ologic framework for possible beneficial effects of stretching exercise by en-
hancing autonomic responses on reducing risks for preeclampsia is proposed
and discussed.

Clinical Relevance: If the protective effect is established, stretching exercise

can be translated into nursing intervention for prenatal care.

Pregnancy is a healthy physiologic condition with pro-
found cardiovascular system changes that expose women
to risks for hypertension (Kaaja & Greer, 2005) and in-
sulin resistance (Kaaja & Poyhonen-Alho, 2006). The
autonomic nervous system (ANS) plays a central role
in the adaptation of the cardiovascular system during
pregnancy. Autonomic nervous activity shifts toward a
lower sympathetic and higher vagal modulation in the
first trimester, and then toward a higher sympathetic and
lower vagal modulation in late pregnancy (Kuo, Chen,
Yang, Lo, & Tsai, 2000). These conditions make preg-
nant women susceptible to various risks, including gesta-
tional hypertension, gestational diabetes, and preeclamp-
sia. When pregnant women are overweight or obese,
they are even more susceptible, because either condition
adds risk for cardiovascular and metabolic diseases (Grassi
et al., 1998; Kiel, Dodson, Artal, Bochmer, & Leet, 2007;
Lombardi, Barton, O'Brien, Istwan, & Sibai, 2005).
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Preeclampsia, a syndrome characterized by the sud-
den onset of hypertension and proteinuria in the latter
half of pregnancy (National High Blood Pressure Educa-
tion Program Working Group on High Blood Pressure in
Pregnancy, 2000), accounts for 22% of maternal deaths
(Panchal, Arria, & Labhsetwar, 2001) and 18% of all pre-
mature births (Basso et al., 2006; McElrath et al., 2008;
Redman & Sargent, 2005; Zhang, Meikle, & Trumble,
2003), and it increases maternal risk for future cardiovas-
cular disease (Anderson, 2007; McDonald, Malinowski,
Zhou, Yusuf, & Devereaux, 2008). Preceding the clin-
ical manifestation of this disease is a period of largely
asymptomatic gradual decline in health status, beginning
in early pregnancy (Nishimoto et al., 2009), characterized
by autonomic dysregulation (Fischer et al., 2004), la-
bile blood pressure (Caritis, Sibai, Hauth, Lindheimer,
VanDorsten, et al., 1998; Ohkuchi et al., 2006), in-
sulin resistance (Kaaja et al., 2004; Moran et al., 2006;
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Parretti et al, 2006), and oxidative stress (Gupta,
Agarwal, & Sharma, 2005; Hubel, 1999; Serdar, Gur, &
Develioglu, 2006). Numerous studies have documented
these pathologic changes in maternal systems, though the
etiology of preeclampsia remains unknown—most likely
multifactorial (Widmer et al., 2007)—and no preventive
measures currently exist to eliminate the threat of devel-
oping this dangerous disease (Karumanchi & Lindheimer,
2008). Risk factors include certain genetic traits (Dekker,
1999; Nishimoto et al., 2009; Vural et al., 2009), obe-
sity (Bodnar, Ness, Markovic, & Roberts, 2005; Sibai
et al, 1995), nulliparous status (Dekker, 1999), his-
tory of preeclampsia (Caritis, et al., 1998), diabetes
(Caritis, Sibai, Hauth, Lindheimer, VanDorsten, et al.,
1998), hypertension (Caritis, Sibai, Hauth, Lindheimer,
Klebanoff, et al., 1998; Caritis, Sibai, Hauth, Lindheimer,
VanDorsten, et al., 1998; Ohkuchi et al, 2006),
and sedentary lifestyle (Saftlas, Logsden-Sackett, Wang,
Woolson, & Bracken, 2004; Sorensen et al., 2003). Unfor-
tunately, many of these risk factors are not modifiable or
are very difficult to modify, especially during pregnancy.

One potentially modifiable risk factor is physical ac-
tivity, and large epidemiologic studies have shown that
women who engaged in moderate to vigorous leisure
time physical activities (LTPAs) before and during preg-
nancy experienced up to a 35% reduction in preeclamp-
sia (Bvenson, Savitz, & Huston, 2004; Ning et al., 2003;
Rousham, Clarke, & Gross, 2006; Saftlas et al., 2004;
Sorensen et al., 2003). However, few pregnant women
(15.8%) engage in the recommended level of LTPAs,
and the majority of pregnant women (84.2%; Evenson
et al.) do not initiate (Ning et al.) or increase LTPAs dur-
ing pregnancy, particularly in the latter half of pregnancy
(Domingues & Barros, 2007; Hinton & Olson, 2001; Ning
et al.; Yeo, 2009).

Approximately 24% of pregnant women in the US are
obese (Bodnar et al., 2005; Mumford, Siega-Riz, Herring,
& Evenson, 2008). Obesity (Sibai et al., 1995; Wolf
et al., 2001) and excessive weight gain during pregnancy
(Kiel et al., 2007; Raatikainen, Heiskanen, & Heinonen,
2006) are both independent risk factors for preeclamp-
sia. In a prospective cohort study, Bodnar et al. found
that risk for preeclampsia was tripled for obese pregnant
women compared with their nonobese counterparts.
Dyslipidemia, inflammation, and oxidative stress are be-
lieved to be mechanisms shared by preeclampsia and obe-
sity (Ray, Diamond, Singh, & Bell, 2006; Weissgerber,
Wolfe, & Davies, 2004: Yeo & Davidge, 2001). Further,
higher sympathetic nervous activity and reduced car-
diac vagal tone are thought to contribute to these patho-
logic conditions (Moertl et al., 2008). Indeed, hyperten-
sive disorders in pregnancy, including preeclampsia, have
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been characterized as a state of sympathetic overactivity
(Fischer et al., 2004).

While previous studies have demonstrated that mod-
erate to vigorous LTPAs reduce the risk for developing
preeclampsia (Marcoux, Brisson, & Fabia, 1989; Saftlas
et al.,, 2004; Sorensen et al.,, 2003), recent evidence
suggests that the risk reduction may not apply to all
pregnant women. In their prospective study, Magnus,
Trogstad, Owe, Olsen, and Nystad (2008) found that un-
like nonobese women, obese women did not receive
any significant protective benefit of the vigorous phys-
ical activities with regard to preeclampsia. Participants
in the study were asked the number of vigorous activi-
ties performed per month—from brisk walking to aerobic
exercise—in their second trimester. Among those who re-
ported 6 to 12 activities per month, obese women were
at significantly higher risk for preeclampsia than women
with normal weight. Thus, while obesity and sedentary
lifestyle independently impose risks for preeclampsia, not
all LTPAs reduce the risk for preeclampsia equally. For
obese women, nonvigorous physical activities that are
safe and effective in reducing risk for adverse outcomes
need to be identified and examined.

Given the role of autonomic responses in both normal
and pathologic processes of pregnancy, low-intensity ex-
ercise such as yoga, tai-chi, or prenatal stretching exer-
cises (PSEs) may produce physiologic beneficial effects.
Studies report some positive effects of yoga (Bowman
et al.,, 1997) and tai-chi (Lu & Kuo, 2003) on autonomic
responses as well as reducing stress (Jallo, Bourguignon,
Taylor, & Utz, 2008). Yet, few studies to date examined
similar effects of PSEs, which are commonly prescribed
by nurses. Previously we conducted a randomized trial
comparing two exercises, stretching and walking, on
the incidence of preeclampsia among sedentary pregnant
women, and found that women in the daily PSE program
experienced a significantly lower incidence of preeclamp-
sia than expected (Yeo et al., 2008). Unknown was the
involvement of autonomic responses to daily exercises.
Thus, the purpose of this study was to longitudinally
compare autonomic responses—resting heart rates and
blood pressures—between two exercise groups, stretch-
ing versus walking during pregnancy.

Methods

This was the secondary data analysis of a large ran-
domized control trial. The primary purposes of the large
study were to determine whether women who had led a
sedentary lifestyle prior to pregnancy and were at risk for
preeclampsia could exercise regularly during pregnancy
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and whether the exercise would reduce the incidence of
preeclampsia (Yeo, 2009). Pregnant women were eligi-
ble for the study if they (a) were healthy but had been
diagnosed with preeclampsia in a previous pregnancy;
(b) had a lower than average cardiovascular fitness level
(i.e., peak oxygen consumption equal to or less than the
50th percentile of age group women, as measured by fit-
ness tests at 17 weeks of gestation; and (c¢) had a seden-
tary lifestyle (i.e., their estimated energy expenditure for
daily physical activity during the index pregnancy was
less than 840 kcal/week, as assessed by the Minnesota
Leisure Time Physical Activity Questionnaire). They were
excluded if they had (a) a diagnosis of chronic hyper-
tension or pregestational diabetes, (b) any medical or
physical condition prohibiting daily regular exercise, (c)
a recommendation from the primary care provider not
1o participate, or (d) inability to reasonably communicate
with research staff because of language or mental status.
The details of the design and methods have been pub-
lished (Yeo, 2006).

Sample

From November 2001 through July 2006, 386 preg-
nant women from nine clinics in two health systems in a
Midwest urban area were contacted. A total of 124 eligi-
ble women were randomized to either walking (n=64)
or stretching (n=60) at 18 weeks of gestation. Power
analysis indicated 30 participants in each group would
have had 80% of power to detect 10 beats/min in heart
rate difference in two groups. The majority of the sam-
ple (85%) identified themselves as non-Hispanic White.
They were on average 31+5 years of age; had 1542 years
of education; were relatively affluent (52% reported
household incomes above $75,000); were employed
(80%): and worked an average of 30+13 hr/week. The
majority (82%) had one child at home. At baseline, there
were no significant differences between the stretching
and walking groups on any variables.

Walking or Stretching Interventions

Both groups were asked to perform the assigned exer-
cise five times a week throughout the pregnancy. Walk-
ers were trained to walk at moderate intensity. They were
consistently monitored by a Polar S810 Heart Rate Mon-
itor (Warminster, PA) and the Rating Perceived Exertion
Scale (rating of 12 or 13, moderate level of intensity) and
were instructed to look for warning signs to stop exercis-
ing and call their care providers (e.g., vaginal bleeding,
uterine contractions, etc.). Stretchers were instructed to
follow videotaped movements developed for the study,
consisting of slow muscle movements that had neither
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aerobic nor muscle resistance components. The stretching
exercise consists of a sequence of large skeletal muscles
from the neck to the upper limbs, to the torso, and to the
lower limbs, accompanied by deep breathing. We selected
these movements from various PSEs and used in our pre-
liminary studies. Upper body movements included slouch
stretch with overcorrection, side-bending neck stretch,
neck rotation, neck flexion-extension, chin tuck, arm-
across-chest stretch, forearm and hands stretch, wrist
extension stretch, and seated side bend stretch. Lower
body movements included child’s pose, cat-camel stretch,
hamstring stretch, seated cross-legged hip rotator stretch,
seated hamstring stretch, V-sit stretch, and groin stretch.

Participants visited the research laboratory once a week
and exercised under the supervision of the research staff
exercise specialist. In the walking group, the average
adherence was 3.77 times per week at 18 weeks, 3.14
times per week at 28 weeks, and 2.71 times per week at
35 weeks. In the stretching group, the average adherence
was 4.20 times per week at 18 weeks, 3.81 times per week
at 28 weeks, and 3.53 times per week at 35 weeks (Yeo,
2009).

The main outcomes of the original study have been
published elsewhere (Yeo, 2009: Yeo et al., 2008). Briefly,
of the 124 participants, 13 (10%) developed preeclamp-
sia. The walking group had a higher incidence of
preeclampsia than the stretching group (10 cases [16%]
verses 3 cases [5%]; exact conditional analyses, p=.054).
Given the population estimate of 18% for preeclampsia
in women with a history of the disease (Caritis, Sibai,
Hauth, Lindheimer, VanDorsten, et al., 1998) the find-
ing of 10 preeclampsia cases in the walking group was
within the expected range of incidence, but the finding
of 3 cases in the stretching group was significantly lower
than expected (p<.005).

No statistically significant group differences were ob-
served in birth outcomes. The preterm birth rate was
twice as high in the walking group (22%) compared with
that in the stretching group (11%), but the difference was
not statistically significant (Yeo et al., 2008).

Heart rate and blood pressure were measured at weekly
laboratory visits prior to exercise sessions. After having
participants sit quietly for 10 minutes, heart rate and
blood pressure were taken. Pulse pressures were calcu-
lated by subtracting diastolic pressure from systolic pres-
sure. All measures were taken by trained research assis-
tants following the American College of Sports Medicine
(ACSM) guidelines (ACSM, 2000). Briefly, resting heart
rates were manually recorded by placing the index and
middle fingers on the thumb side of the lower part of
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the forearm, followed by manual measurement of blood
pressure.

Data Analysis

Two sample ! tests were used to examine differences
between the walking and stretching groups. Repeated
measure analysis of variance was used to compare
continuous variables over time. Restricted maximum
likelihood (REML) regression was used to compare group
differences, gestation weeks, and their interaction with
adherence, resting heart rate, and blood pressure changes
during statistical analyses. REML is a method for fitting
linear mixed models and can produce unbiased estimates
of variance and covariance parameters (West, Welch, &
Galecki, 2007).

Results
Resting Heart Rate

Resting heart rate at baseline (14-17 weeks) was
84411 beats/min for the sample as a whole (mean=+SD;
95% confidence interval [CI|: 82, 86), and there were no
group differences (p=.51). Figure 1 shows weekly mean
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resting heart rate changes before and after randomiza-
tion. For walkers, resting heart rate increased an aver-
age of 14416 beats/min (95% CI: 9.1, 17.9) during the
period between 18 and 28 weeks of gestation (p<.001).
For stretchers, resting heart rate increased an average of
8.0+11 beats/min (95% CI: 5.1, 11.2) during that period
(p<.001). With linear mixed-model analysis, group effect
(walking vs. stretching), gestation effect (18-28 weeks),
its quadratic term (gestation square), the group-gestation
interaction effect, and the group-gestation quadratic ef-
fect were significant: group (p<.001), gestation (p<.001),
gestation square (p<.001), interaction between group
and gestation (p=.002), and interaction between group
and gestation square (p=.002).

Pulse Pressure

Figure 2 shows pulse pressures over the study period
by exercise groups. At the baseline, mean group differ-
ence of pulse pressure was 25.0 mmHg (standard error of
estimate [SE]: 2.59) and at the end of the study period,
the mean difference was 14.1 mmHg (SE: 3.15). They
were statistically significant (p<.001). Group differences
over the study period did not reach statistically significant
level.

—&— Mean HR of Walking Group
—e— Mean HR of Stretching Group

*.p<0.05

14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3536 37 38 39

Gestation Week

Figure 1. Heart rate changes in the two groups.
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Figure 2. Pulse pressures during the study ]
period in the two exercise groups. Graphs by group
Discussion adults (6 men and 6 women). They found that MSNA

PSE is a low-intensity exercise (i.e., structured LTPA)
consisting of a series of skeletal muscle stretches accom-
panied by deep breathing. Deep breathing (abdominal
breathing) naturally accompanies stretching but is also
repeated between stretching sequences. In PSE, a sin-
gle muscle or a series of muscles are deliberately elon-
gated to their fullest length (Nelson & Kokkonen, 2007;
Weerapong, Hume, & Kolt, 2004). PSE is recommended
for releasing stress (Babycenter, 2009) and minor low
back pain (Lowdermilk & Perry, 2007). While it is widely
accepted as stress reduction in clinical practice, no spe-
cific theory has been examined to link PSE and the in-
tended benefits such as reducing gestational diabetes or
preeclampsia. The results of the current study indicate a
possible role of autonomic nervous systems in stretching
exercises.

The evidence indicates that signals from skeletal mus-
cles produced by stretching exercise ascend to the cen-
tral nervous system, influencing the sympathetic nervous
system (SNS) and parasympathetic nervous system (PNS)
independently and interactively (Martens, Greenberg, &
Allen, 2008). The use of PSE as a preventive interven-
tion may be supported on a basis that the stimulation of
mechanoreceptors on skeletal muscles influences muscle
parasympathetic activities with minimum perturbation of
sympathetic activities. For example, Cui, Blaha, Morad-
khan, Gray, and Sinoway (2006) tested whether stretch-
ing of the calf muscle for 5 s followed by 15 to 25 seconds
of rest, repeated 25 times, induced responses in muscle
sympathetic nerve activity (MSNA) with young healthy

and heart rate increased transiently from baseline, fol-
lowed by a transient increase in blood pressure. These
investigators hypothesized that the reason for the tran-
sient nature of the response was the activation of vagal
responses, noting that increased MSNA-induced vasocon-
striction, coupled with a rise in cardiac output due to the
rise in heart rate, activated the vagal reflex to suppress
the MSNA and heart rate—the vagal preponderance. This
finding suggests that isolated passive muscle stretching in
humans activates sympathetic responses; it also suggests
that vagal engagement immediately follows.

Murata and Matsukawa used an animal model to test
the hypothesis that when skeletal muscles are stretched,
parasympathetic and sympathetic discharges show op-
posing reflex responses in magnitude and time course
(Murata & Matsukawa, 2001). Using the hindlimb mus-
cles of unanesthetized decerebrate cats, they measured
cardiac sympathetic efferent nerve activity (SNA) and
cardiac vagal efferent nerve activity (VNA). They found
that SNA changed at the outset of the passive stretching,
followed by gradual VNA changes during the stretching of
the hindlimb, and this change (vagal tone) was sustained
throughout the stretching. These investigators concluded
that the muscle mechanoreflex contributed to the regula-
tion of cardiac sympathetic and parasympathetic efferent
discharges during the stretching of the skeletal muscle.
This study provided the basis for the model 1o explain the
possible beneficial effects of PSE. The model posits that
muscle stretching directly elicits a short SNA followed by
a sustained VNA, that is, a small sympathetic response
followed by a sustained and robust vagal tone.
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Figure 3. A physiological model. PSE=prenatal stretching exercise;
ANS=autonomic nervous systems; HR=heart rate; BP=blood pressure;

SNS=sympathetic nervous system; PNS=parasympathetic nervous sys-
tem; HF=high-frequency spectrum of heart rate variability; LF/HF=ratio of
low- versus high-frequency spectrum of heart rate variability.

Similarly, deep breathing (i.e., voluntarily controlling
breathing pattern) might influences ANS function, in-
cluding heart rate variability and cardiac vagal tone,
chemoreflex sensitivity, baroreflex, and central nervous
system excitation (Brown & Gerbarg, 2005). The PSE pro-
gram combines muscle stretching and deep breathing.

Effects of Prenatal Stretching Exercise
on the Autonomic Nervous Systems

Based on previous studies and the current preliminary
study results, it is proposed that PSE may stimulate sym-
pathetic activity and parasympathetic activity, leading to
the state of vagal preponderance. The term vagal pre-
ponderance reflects the fact that under normal circum-
stances, when the SNS is stimulated, the PNS exerts in-
hibitory effects on SNS excitatory influences (Martens
et al.,, 2008). Thus, daily PSE may influence vagal tone
enhancement.

To demonstrate this beneficial effect, one must con-
sider that the progress of pregnancy lowers vagal tone
over time. The effect of PSE on levels of SNS and PNS
interactions can be examined, and indexed by assessing
heart rate variability. Overall ANS balance can be assessed
by measuring heart rate and blood pressure. A physio-
logic model is depicted in Figure 3.

Effects of the Autonomic Nervous Systems
on Maternal Health

Elevated sympathetic outflow contributes to an im-
balance between the SNS and PNS. Hemodynamically,
preeclampsia is characterized by peripheral vasoconstric-
tion (Fischer et al., 2004). Stimulation of the SNS might
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be a component, though probably a secondary compo-
nent, of a multifactorial etiology leading to preeclamp-
sia (Brown, 1997). Endothelial dysfunction, leading to
oxidative stress (Redman & Sargent, 2005; Weissger-
ber et al., 2004) with an imbalance of vasoconstrictor
and vasodilating activity, may contribute to the periph-
eral vasoconstriction hypertension seen in preeclampsia
(Fischer et al.). In a prospective study (n=22), Fischer
et al. looked at whether increased sympathetic activity
preceded preeclampsia or preeclampsia preceded the in-
crease in sympathetic activity. They prospectively mea-
sured MSNA at 22 and 33 weeks of gestation and at post-
partum and found that MSNA levels were significantly
augmented during all of pregnancy. Though all partici-
pants showed pregnancy-induced sympathetic overactiv-
ity, only a subset of participants developed preeclamp-
sia. Based on these results, the researchers postulated
that preeclampsia developed when the physiologic va-
sodilating mechanism failed. PSE may prevent or slow
down the physiologic failure of the vasodilating mecha-
nism through enhancing vagal tone.

Autonomic dysregulation is also closely involved in the
metabolic complications associated with hyperglycemia
(Carnethon, Jacobs, Sidney, & Liu, 2003). Heart rate vari-
ability changes in people with insulin resistance, and
one group of investigators (Laitinen et al., 1999) found
that a state of hyperinsulinemia caused a significant de-
crease in high-frequency power and an increase in the
low-frequency or high-frequency ratio; both are indexes
derived from heart rate variability. Heart rate also in-
creased significantly during hyperinsulinemia. Further,
insulin resistance in early pregnancy is a strong predic-
tor of preeclampsia (Parretti et al., 2006). Therefore, it is
possible that PSE helps to prevent the development of in-
sulin resistance through an enhanced cardiac autonomic
control.

Conclusions

Based on the results of this secondary data analyses,
a physiologic framework for possible beneficial effects of
stretching exercise by enhancing autonomic responses on
reducing risks for preeclampsia is proposed.

Clinical Implications

The preliminary study results and theoretical model in
this article connecting PSE and autonomic nervous sys-
tems may provide nurses with a rationale to recommend
PSE. The model supports encouraging PSE for lowering
the risk for preeclampsia, as well as for the promotion
of health. PSE also may help manage symptoms such
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as nausea or bloating because the ANS controls associ-
ated reflexes. While pregnant women should enjoy other
forms of exercise, stretching exercises may be recom-
mended when women cannot adhere to other forms
of exercise, since pregnant women adhere to PSE regi-
mens better than to other forms of exercise in the sec-
ond and third trimesters (Yeo, 2009). For overweight and
obese pregnant women, clinicians may wish to recom-
mend stretching exercises accompanied by sensible inter-
ventions to monitor weight gain.
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