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bstract

This study examined the effects of human pregnancy and advancing gestation on the intensity of respiratory discomfort (dyspnea) during cycle
xercise. Fourteen pregnant women (PG) performed a progressive cycle ergometer exercise test involving 20 W/min increases in work rate to
ymptom limitation and/or a heart rate of 170–175 beats/min at 19.7 ± 1.2 weeks (ENTRY), 28.2 ± 0.3 weeks (TM2) and 36.3 ± 0.3 weeks (TM3)
estation. Eight, age-matched, sedentary non-pregnant women (CG) were also studied for comparison purposes. Measurements included dyspnea
ntensity (Borg scale), minute ventilation (V̇E), breathing pattern and other cardiorespiratory parameters. At peak exercise, neither pregnancy nor
dvancing gestation had an effect on dyspnea, V̇E, breathing pattern, oxygen uptake or work rate (p > 0.05). V̇E was significantly greater (by 11 L/min
t 100 W) in the PG at TM3 versus CG (p < 0.05) at all submaximal work rates. V̇E also increased progressively from ENTRY to TM2 and TM3

uring submaximal exercise. Dyspnea was not significantly different at any submaximal work rate in the PG at TM3 versus CG or with advancing
estation in the PG. In addition, dyspnea at a standardized exercise V̇E of 40 L/min was not different at TM3 versus ENTRY or in the PG at TM3
ersus CG. Neither pregnancy nor advancing gestation were associated with increased respiratory discomfort during strenuous non-weight bearing
ycle ergometer exercise, despite substantial increases in V̇E and progressive mechanical adaptations of the respiratory system to accommodate the
ncreasing size of the gravid uterus.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Human pregnancy is characterized by significant increases in
entilatory drive and minute ventilation (V̇E) at rest and during
xercise (Contreras et al., 1991; Field et al., 1991; Wolfe et al.,
994; Lotgering et al., 1998; Ohtake and Wolfe, 1998; Heenan
nd Wolfe, 2000; Jensen et al., 2005). These changes are (1)
ccomplished by increases in tidal volume (VT) with little or
o change in respiratory frequency (fR) (Contreras et al., 1991;

ield et al., 1991; Ohtake and Wolfe, 1998), (2) established early

n the first trimester (<8 weeks) (Wolfe et al., 1998; Weissgerber
t al., 2006) and (3) determined, at least in part, by the stimu-
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atory effects of gestational hormones on central and peripheral
hemoreflex, and non-chemoreflex drives to breathe (Moore et
l., 1987; Wolfe et al., 1998; Jensen et al., 2005).

It is reasonable to assume that pregnancy-induced increases
n exercise V̇E, in addition to mechanical alterations in the shape
nd configuration of the abdomen, diaphragm and chest wall
secondary to increased size of the gravid uterus), may increase
he perception of respiratory discomfort (dyspnea) during exer-
ise in pregnancy, particularly in late gestation. Indeed, Milne
t al. (1978) found that approximately 75% of healthy pregnant
omen with no history of cardiorespiratory disease complained
f dyspnea upon exertion (i.e., stair climbing) by 31 weeks ges-

ation. Despite the high prevalence of dyspnea in pregnancy,
tudies into its etiology are limited and the results are conflicting.

The earliest studies of gestational dyspnea hypothesized that
t may be due to normal awareness of maternal hyperventila-
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ion (Cugell et al., 1953), increased respiratory effort (or work)
econdary to mechanical alterations of the respiratory system
Bader et al., 1959) or an exaggerated awareness of normal V̇E or
espiratory effort (Gilbert et al., 1962; Gilbert and Auchincloss,
966).

More recently, Field et al. (1991) showed that V̇E, VT,
nspiratory esophageal pressure swings (an index of inspiratory
ffort) and Borg dyspnea ratings were significantly greater
uring submaximal cycling exercise in late gestation versus the
ost-partum (PP) state suggesting that increases in respiratory
iscomfort may be due to the increased inspiratory effort
hat accompanies increased V̇E during maternal exercise and
ot restricted ventilatory mechanics. However, in that study
omparisons were made at a standardized work rate of only
8 W, corresponding to Borg dyspnea ratings of only 1.8 ± 1.4
“very slight” to “slight”) and 1.0 ± 0.9 (“very slight”) in
he pregnant and PP conditions, respectively. The ventilatory
esponse at this low work rate may not be sufficient to unmask
potential mechanical ventilatory constraint to exercise in this
opulation.

A previous study from this laboratory (Ohtake and Wolfe,
998) which was designed to evaluate the impact of physical
onditioning on aerobic working capacity in pregnancy, reported
o effect of pregnancy or advancing gestation on ratings of per-
eived respiratory effort (RPEr) using Borg’s 6–20 scale during
ight (20 W), moderate (45 W) and heavy (65 W) steady-state
ycle ergometer exercise, despite significant increases in V̇E and
T at each work rate. Again, comparisons were made at modest
ubmaximal steady-state work rates corresponding to RPEr rat-
ngs between 8 (“extremely light” to “very light”) and 12 (“light”
o “somewhat hard”). Furthermore, in that study RPEr (and not
pecifically dyspnea) was quantified only as a secondary out-
ome variable.

Unfortunately, no definitive conclusion regarding the
hysiological underpinnings of respiratory discomfort during
xercise in pregnancy can be made from the existing literature
ecause of considerable between-study differences in the
pecific instruction given to participants as to what qualitative
imension of respiratory discomfort they were being asked to
cale (i.e., respiratory effort versus dyspnea), the mode of exer-
ise employed (i.e., weight bearing versus non-weightbearing)
nd the testing protocol (i.e., incremental versus submaximal
onstant-load).

Therefore, the purpose of this study was to examine the
ffects of human pregnancy and advancing gestation on ratings
f perceived respiratory discomfort during strenuous non-weight
earing cycle ergometer exercise. We hypothesized that rat-
ngs of exertional respiratory discomfort would increase with
dvancing gestation and would also be greater in pregnant versus
on-pregnant women at a standardized work rate and V̇E dur-
ng exercise. To test this hypothesis, we conducted progressive
ardiopulmonary cycle ergometer exercise testing (CPET) in 14
ealthy, pregnant women at approximately 20, 28 and 36 weeks

estation and 8 age-matched non-pregnant control subjects. We
easured and compared V̇E, breathing pattern, metabolic param-

ters and exertional symptoms at rest, throughout exercise and
t a standardized V̇E.
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. Methods

.1. Subjects

Subjects included 14 healthy, women (PG), 20–40 years, par-
ty ≤ 3, who were experiencing healthy singleton pregnancies.

control group (CG) of eight healthy, age-matched (20–40
ears), nulliparous, eumennorheic women was also studied to
emonstrate the effects of human pregnancy on cardiorespira-
ory and perceptual responses to progressive exercise. Specific
xclusion criteria for both groups included: history of cardiores-
iratory disease; regular participation in strenuous occupational
r recreational physical activity (>2 days/week); smoking his-
ory; taking medications (other than prenatal vitamins) that could
ontribute to dyspnea and exercise intolerance.

Subjects were recruited via posted announcements, news-
aper advertisements and contact with local obstetricians and
ealth care providers. Prior to study participation, pregnant
ubjects completed the Physical Activity Readiness Medi-
al Examination for Pregnancy (http://www.csep.ca/forms.asp)
nd obtained medical clearance from the health care
rovider monitoring their pregnancies. Non-pregnant sub-
ects completed the Physical Activity Readiness Questionnaire
http://www.csep.ca/forms.asp) to ensure there were no con-
raindications to CPET. Prior to experimental testing, qualified
ubjects attended an information session to become familiar with
he laboratory and study procedures. The study protocol and con-
ent form were approved by the Research Ethics Board, Faculty
f Health Sciences, Queen’s University and informed consent
as obtained from all subjects.

.2. Experimental design

As an incentive for study participation, pregnant subjects
articipated in a closely monitored prenatal muscle condi-
ioning program designed to: promote proper posture; pre-
ent low back pain, diastasis recti and urinary incontinence;
trengthen the pelvic floor; and maintain general muscular
tness without causing improvement in the aerobic energy
ystem. During these sessions maternal cardiac frequency
fH) was maintained at <110 beats/min (as verified by regular
ulse rate checks). Pregnant subjects participated in 1.7 ± 0.3
nd 1.5 ± 0.4 (mean ± S.E.M.) muscular conditioning ses-
ions/week in TM2 and TM3, respectively. Non-pregnant vol-
nteers continued their sedentary lifestyles, avoiding regular
articipation in aerobic-type activity.

Pregnant subjects participated in CPET between 15 and 20
eeks gestation (ENTRY), at the end of TM2 (25–27 weeks) and
M3 (34–36 weeks). Non-pregnant subjects were tested during

he follicular phase of their menstrual cycle and three were using
ral contraceptives. Menstrual cycle phase was calculated using
he first day of the last menstrual cycle and the average length
f the cycle. We have previously validated this approach by

imultaneous plasma progesterone measurements (Preston et al.,
001). Basic physical measurements included height, body mass
nd forced vital capacity (FVC) (S-301 Pneumoscan spirometry;
L Engineering Co., Slymar, CA). Predicted normal values for

http://www.csep.ca/forms.asp
http://www.csep.ca/forms.asp
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VC were those of Morris et al. (1971). Body mass index (BMI)
as calculated as body mass/height2. Subjects also performed
PET (described below).

.3. Symptom evaluation

Respiratory discomfort (dyspnea) was defined as “the sensa-
ion of labored or difficult breathing” and leg discomfort as “the
evel of difficulty experienced during pedaling”. Before exercise
esting, subjects were familiarized with Borg’s 0–10 category
atio scale (Borg, 1982) and its endpoints were anchored such
hat “0” represented “no respiratory discomfort (leg discom-
ort)” and “10” was “the most severe respiratory discomfort (leg
iscomfort) they had ever experienced or could ever imagine
xperiencing”. By pointing to the Borg scale, subjects rated their
evel of perceived respiratory and leg discomfort at rest, every

inute throughout exercise and at exercise cessation.

.4. Cardiopulmonary exercise testing

Subjects consumed a standard meal (350 kcal; 20% fat, 20%
rotein, 60% carbohydrate) approximately 2 h before exercise
ests to minimize within- and between-subject differences in
utritional status. Repeated tests were conducted at approx-
mately the same time of day for each subject to minimize
ircadian effects. In addition, subjects avoided strenuous exer-
ise and caffeine on the day of testing.

Evidence-based guidelines for exercise during pregnancy
Davies et al., 2003) recommend that women participate in
on-weight bearing exercise (e.g. stationary cycling) and avoid
ctivities (e.g. treadmill) that increase the risk of loss of bal-
nce and fetal trauma. In addition, non-weight bearing exercises,
uch as stationary cycling, eliminate the confounding effects of
aternal weight gain on measures of aerobic working capac-

ty. Therefore, incremental exercise tests were conducted on
n electronically braked cycle ergometer (Ergometrics 800 s;
ensorMedics, Yorba Linda, CA). The protocol involved 5-min
f quiet breathing through a mouthpiece with noseclips while
ubjects were seated comfortably on the cycle ergometer (i.e.,
est). Subjects then cycled for 4-min at a constant work rate of
0 W followed by 20 W/min increases in work rate to symptom
imitation and/or a fH of 170–175 beats/min. fH was recorded
oth electrocardiographically (Max-1; Marquette Electronics,
ilwaukee, WI) and with a Polar Electro Vantage fH monitor

Polar, Finland). Cardiorespiratory responses were measured on
breath-by-breath basis at rest and during exercise as previously
escribed (Heenan and Wolfe, 2000) and included: V̇E, VT, fR,
xygen consumption (V̇O2 ), carbon dioxide production (V̇O2 ),
espiratory exchange ratio (R), fH, ventilatory equivalents for
xygen (V̇E/V̇O2 ) and carbon dioxide (V̇E/V̇CO2 ). Resting data
ere taken as the average of the last 3-min of quiet breathing.
imilarly, the last 30-s of breath-by-breath data from each stage
f exercise as well as the last 30-s of loaded cycling (i.e., peak)

ere averaged and used for analysis.
An incremental (versus steady-state) symptom-limited cycle

rgometer exercise protocol was chosen for this study to (1)
xamine the effects of pregnancy and advancing gestation on
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eak aerobic working capacity, (2) examine the relationship
etween exertional respiratory discomfort and exercise toler-
nce in human pregnancy, (3) unmask a potential mechanical
entilatory constraint to exercise tolerance in human pregnancy
nd (4) permit comparison of submaximal exercise responses
etween the present study with those of Field et al. (1991) who
mployed a submaximal incremental cycle exercise protocol to
xamine the relationship between dyspnea and ventilation dur-
ng exercise in pregnancy.

.5. Statistical analyses

A one-way ANOVA for repeated measures (SigmaStat 3.10,
ystat Software Inc., Point Richmond, CA) was used to identify

he effects of advancing gestation (ENTRY versus TM2 versus
M3) on physical characteristics, as well as cardiorespiratory
nd perceptual responses at rest, each submaximal work rate,
eak exercise and a standardized exercise V̇E. When significant
-ratios were observed, pairwise comparisons were made using
ukey’s (HSD) test. Unpaired t-tests were used to detect differ-
nces between the PG at TM3 and CG for measured variables at
est, each submaximal work rate, peak exercise and a standard-
zed exercise V̇E.

Cardiorespiratory and perceptual responses were compared at
standardized exercise V̇E of 40 L/min (iso-V̇E40 ), representing

he highest equivalent V̇E achieved during exercise by all sub-
ects. Cardiorespiratory and perceptual parameters at iso-V̇E40

ere calculated by linear interpolation between adjacent mea-
urement points for each subject. All data are expressed as
ean ± S.E.M. Results for all statistical tests were considered

ignificant at p < 0.05.

. Results

.1. General

Nineteen pregnant women volunteered for this study; how-
ver, three dropped out due to poor compliance and two devel-
ped gestational hypertension and were excluded from partici-
ation prior to testing at TM3. Thus complete data were available
rom 14 pregnant women.

Physical characteristics of the PG and CG are described in
able 1. Parity for the PG was: 0, n = 7; 1, n = 5; 2, n = 1; 3, n = 1.
G at ENTRY and CG were matched for age, body height and
VC. As expected, body mass and BMI increased with advanc-

ng gestation and were significantly greater at TM3 versus CG.
VC did not differ between ENTRY, TM2 and TM3.

.2. Effects of human pregnancy on cardiorespiratory and
erceptual responses at rest and during exercise

At rest, V̇O2 , V̇CO2 and fH were significantly greater at TM3
ersus CG (Table 2). Resting V̇E was 3.5 L/min (40%) higher in

he PG at TM3 versus CG (p < 0.05) and was accomplished by

odest increases in fR (p = 0.07) with no change in VT.
V̇E/V̇O2 and V̇E/V̇CO2 were significantly greater throughout

xercise in the PG at TM3 versus CG (Fig. 1). V̇CO2 , V̇E and
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Table 1
Effects of human pregnancy and advancing gestation on physical characteristics

Variable Pregnant group (n = 14) Control group (n = 8)

ENTRY TM2 TM3

Gestational age (weeks) 19.7 ± 1.2 28.2 ± 0.3 36.2 ± 0.3 N/A
Age (years) 30.9 ± 0.9 – – 26.9 ± 2.0
Height (cm) 162.3 ± 1.5 – – 162.6 ± 2.5
Body mass (kg) 71.5 ± 2.5 77.6 ± 2.6* 81.2 ± 2.6*,† 62.3 ± 2.7‡
Body mass index (kg/m2) 26.7 ± 0.9 29.0 ± 0.9* 30.3 ± 0.9*,† 23.2 ± 1.0‡
Forced vital capacity (L) (% predicted) 3.97 ± 0.15 (106 ± 3) 4.04 ± 0.17 (108 ± 4) 4.08 ± 0.16 (109 ± 4) 3.81 ± 0.18 (99 ± 4)

*p < 0.05 vs. ENTRY; †p < 0.05 vs. TM2. ‡Significant difference between PG at TM3 vs. CG (p < 0.05). TM2: second trimester; TM3: third trimester; N/A: not
applicable.

Table 2
Effects of human pregnancy and advancing gestation on cardiorespiratory responses at rest

Variable Pregnant group (n = 14) Control group (n = 8)

ENTRY TM2 TM3

V̇O2 (mL/min) 340 ± 10 375 ± 16* 398 ± 13* 312 ± 12‡
V̇CO2 (mL/min) 306 ± 13 327 ± 13 362 ± 14*,† 281 ± 10‡
R 0.90 ± 0.02 0.88 ± 0.01 0.91 ± 0.01 0.91 ± 0.02
V̇E (L/min) 10.2 ± 0.6 10.7 ± 0.4 12.0 ± 0.5*,† 8.5 ± 0.4‡
VT (mL) 741 ± 80 731 ± 39 714 ± 40 656 ± 66
fR (breaths/min) 16.2 ± 1.3 16.3 ± 1.0 18.2 ± 1.3*,† 14.3 ± 1.4
fH (beats/min) 90 ± 3 93 ± 3 94 ± 3 84 ± 4‡
V̇E/V̇O2 30.0 ± 1.2 28.9 ± 0.7 30.2 ± 0.8 27.6 ± 1.6
V̇E/V̇CO2 33.3 ± 1.0 32.9 ± 0.8 33.2 ± 0.9 30.2 ± 1.2

* t TM3
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p < 0.05 vs. ENTRY; †p < 0.05 vs. TM2. ‡Significant difference between PG a
onsumption; V̇CO2 : carbon dioxide production; R: respiratory exchange ratio
requency; V̇E/V̇O2 : ventilatory equivalent for oxygen; V̇E/V̇CO2 : ventilatory eq

R were significantly greater at TM3 versus CG at submaximal
ork rates (Table 3), but were not different at peak exercise

Table 4). VT was not different at any work rate in the PG at
M3 versus CG (Tables 3 and 4). fH at all submaximal work

ates was not different at TM3 versus CG (Table 3); however,
eak fH was significantly lower at TM3 versus CG (Table 4).
Borg dyspnea ratings were not different in the PG at TM3 ver-
us CG at any given submaximal work rate and at peak exercise
Fig. 2), despite substantial increases in exercise V̇E (in the order
f 11 L/min at 100 W; Fig. 1) with pregnancy. Similarly, ratings

a
t
c
a

able 3
ffects of human pregnancy and advancing gestation on cardiorespiratory and percep

ariable Pregnant group (n = 14)

ENTRY TM2

yspnea (Borg) 3.0 ± 0.4 3.1 ± 0
eg discomfort (Borg) 3.5 ± 0.3 3.4 ± 0

˙O2 (mL/min) 1180 ± 28 1238 ± 3
˙CO2 (mL/min) 1251 ± 39 1278 ± 3

1.06 ± 0.02 1.03 ± 0
˙E (L/min) 36.0 ± 1.8 37.8 ± 1

T (mL) 1441 ± 61 1441 ± 5

R (breaths/min) 25.8 ± 1.7 27.5 ± 1

H (beats/min) 136 ± 4 137 ± 4
˙E/V̇O2 30.5 ± 1.2 30.7 ± 0
˙E/V̇CO2 28.7 ± 0.9 29.7 ± 0

p < 0.05 vs. ENTRY; ‡significant difference between PG at TM3 vs. CG (p < 0.05). R
vs. CG (p < 0.05). TM2: second trimester; TM3: third trimester; V̇O2 : oxygen
minute ventilation; VT: tidal volume; fR: respiratory frequency; fH: cardiac
nt for carbon dioxide.

f perceived leg discomfort were not different during exercise
n pregnant versus non-pregnant women (Fig. 2).

Dyspnea at iso-V̇E40 was not significantly different in the PG
t TM3 versus CG (Table 5). V̇O2 , V̇CO2 and fH were significantly
ower and V̇E/V̇O2 and V̇E/V̇CO2 were significantly higher at
so-V̇E40 in the PG at TM3 versus CG. fR was higher (p = 0.07)

nd VT lower (p = 0.07) at iso-V̇E40 in the PG at TM3; however,
hese trends did not reach significance. Finally, ratings of per-
eived leg discomfort and R were not different between TM3
nd CG at iso-V̇E40 .

tual responses during exercise at the highest equivalent work rate (100 W)

Control group (n = 8)

TM3

.5 3.0 ± 0.5 2.8 ± 0.5

.5 3.5 ± 0.6 3.3 ± 0.5
0 1283 ± 28* 1225 ± 22
6 1341 ± 32* 1230 ± 38‡
.02 1.05 ± 0.02 1.01 ± 0.04
.3 40.5 ± 1.4* 29.3 ± 1.4‡
6 1474 ± 68 1380 ± 70
.7 29.0 ± 1.8* 22.1 ± 1.2‡

138 ± 4 133 ± 7
.9 31.7 ± 1.2 24.0 ± 1.5‡
.7 30.2 ± 0.9* 23.7 ± 0.6‡

efer to Table 2 footnote for definition of abbreviations.
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Fig. 1. Effects of human pregnancy and advancing gestation on the ventila-
tory response to progressive cycle ergometer exercise. TM2, trimester two;
TM3, trimester three; O2, oxygen; CO2, carbon dioxide. *Significant difference
b
a
‡
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e
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F
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t

m
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e
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e
b

etween ENTRY and TM2 (p < 0.05); †significant difference between ENTRY
nd TM3 (p < 0.05); #significant difference between TM2 and TM3 (p < 0.05).
significant difference between PG at TM3 and CG (p < 0.05).

.3. Effects of advancing gestation on cardiorespiratory
nd perceptual responses at rest and during exercise

At rest, V̇O2 , V̇CO2 , V̇E and fR increased from ENTRY to TM2

nd TM3, respectively (Table 2). Advancing gestation had no
ffect on R, VT, fH, V̇E/V̇O2 or V̇E/V̇CO2 at rest.

Ventilatory responses to exercise are shown in Fig. 1.
˙O2 , V̇CO2 and V̇E were significantly greater during submaxi-

V

a
E

ig. 2. Effects of human pregnancy and advancing gestation on the perceptual
esponse to progressive cycle ergometer exercise. TM2: trimester two; TM3:
rimester three.

al exercise work rates at TM3 versus ENTRY (Table 3). From
M2 to TM3, V̇O2 , V̇CO2 and V̇E increased significantly during
xercise at 40 W only. Advancing gestation had no effect on
eak V̇O2 , V̇CO2 or V̇E (Table 4). Advancing gestation had no sig-
ificant effect on VT during maternal exercise (Tables 3 and 4).

R was significantly greater at TM3 versus ENTRY during
xercise at 100 W (Table 3). R, fH and V̇E/V̇O2 were not different
etween ENTRY, TM2 or TM3 at any work rate (Tables 3 and 4).

˙ ˙
E/VCO2 increased from ENTRY to TM3 at 100 W (Table 3).
Borg ratings of respiratory discomfort during submaximal

nd peak exercise were not significantly different between
NTRY, TM2 and TM3 (Fig. 2), respectively, despite significant
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Table 4
Effects of human pregnancy and advancing gestation on cardiorespiratory and perceptual responses at peak exercise

Variable Pregnant group (n = 14) Control group (n = 8)

ENTRY TM2 TM3

Work rate (W) 158 ± 7 (range: 120–200) 159 ± 6 (range: 120–200) 158 ± 7 (range: 115–210) 181 ± 14 (range: 140–240)
Dyspnea (Borg) 5.3 ± 0.5 5.8 ± 0.7 5.9 ± 0.7 6.0 ± 0.7
Leg discomfort (Borg) 5.9 ± 0.5 6.1 ± 0.8 6.2 ± 0.6 6.0 ± 0.5
V̇O2 (mL/min) 1701 ± 94 1794 ± 90 1798 ± 82 1975 ± 17
V̇CO2 (mL/min) 2039 ± 114 2157 ± 109 2121 ± 85 2330 ± 166
R 1.20 ± 0.02 1.20 ± 0.02 1.19 ± 0.02 1.19 ± 0.04
V̇E (L/min) 63.0 ± 4.6 69.2 ± 4.5 68.2 ± 3.6 61.0 ± 5.2
VT (mL) 1893 ± 104 1917 ± 82 1886 ± 84 1895 ± 16
fR (breaths/min) 33.8 ± 1.7 36.9 ± 2.1 36.9 ± 3.0 32.5 ± 1.5
fH (beats/min) 166 ± 1 165 ± 2 164 ± 2 173 ± 1‡
V̇E/V̇O2 37.0 ± 1.7 38.7 ± 1.7 38.2 ± 1.5 31.3 ± 2.2‡
V̇E/V̇CO2 30.8 ± 1.2 32.1 ± 1.2 32.2 ± 1.1 26.1 ± 1.2‡

*p < 0.05 vs. ENTRY; ‡significant difference between PG at TM3 vs. CG (p < 0.05). Refer to Table 2 footnote for definition of abbreviations.

Table 5
Effects of human pregnancy and advancing gestation on cardiorespiratory and perceptual responses at a standardized exercise ventilation of 40 L/min

Variable Pregnant group (n = 14) Control group (n = 8)

ENTRY TM2 TM3

Dyspnea (Borg) 3.5 ± 0.3 3.2 ± 0.5 3.0 ± 0.4 3.9 ± 0.6
Leg discomfort (Borg) 4.0 ± 0.3 3.5 ± 0.5 3.5 ± 0.4 4.3 ± 0.5
V̇O2 (mL/min) 1281 ± 40 1277 ± 32 1294 ± 45 1542 ± 80‡
V̇CO2 (mL/min) 1398 ± 44 1349 ± 30 1345 ± 42 1678 ± 53‡
R 1.09 ± 0.02 1.06 ± 0.02* 1.04 ± 0.02* 1.10 ± 0.03
VT (mL) 1523 ± 83 1525 ± 80 1461 ± 96 1735 ± 107
fR (breaths/min) 27.8 ± 1.6 27.7 ± 1.5 29.0 ± 1.7 24.2 ± 1.4
fH (beats/min) 142 ± 4 140 ± 4 138 ± 3 151 ± 5‡
V̇ /V̇ 31.6 ± 1.0 31.6 ± 0.8 31.4 ± 1.0 26.5 ± 1.3‡
V 8 ± 0

* .05). R
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˙E/V̇CO2 28.9 ± 0.9 29.

p < 0.05 vs. ENTRY; ‡significant difference between PG at TM3 vs. CG (p < 0

ncreases in exercise V̇E with advancing gestation (Fig. 1). Also,
atings of perceived leg discomfort were not different during sub-
aximal and peak exercise at ENTRY, TM2 and TM3 (Fig. 2).
Advancing gestation had no effect on dyspnea at iso-V̇E40

Table 5). Cardiorespiratory parameters and ratings of perceived
eg discomfort at iso-V̇E40 did not change with advancing ges-
ation. However, R at iso-V̇E40 decreased from ENTRY to TM2
nd TM3, respectively.

. Discussion

The main findings of this study are that neither pregnancy
or advancing gestation were associated with increased respi-
atory discomfort during strenuous non-weight bearing cycle
rgometer exercise despite significant increases in exercise V̇E
nd progressive thoraco-abdominal distortion. Second, Borg rat-
ngs of respiratory discomfort at iso-V̇E40 were not increased as a
esult of pregnancy or advancing gestation, suggesting mechan-

cal adaptation of the respiratory system.

In pulmonary disease states, dyspnea intensity is posi-
ively correlated with the level of V̇E (absolute or relative to
aximal ventilatory capacity) and inspiratory effort (absolute

p
d
r
l

.7 30.0 ± 0.9 24.3 ± 0.7‡

efer to Table 2 footnote for definition of abbreviations.

r relative to maximal inspiratory pressure) during exercise
LeBlanc et al., 1986; Marciniuk et al., 1994). Human preg-
ancy is characterized by substantial increases in exercise V̇E
Contreras et al., 1991; Field et al., 1991; Wolfe et al., 1994;
otgering et al., 1998; Ohtake and Wolfe, 1998; Heenan and
olfe, 2000) and inspiratory effort (Field et al., 1991), with

o demonstrable effect on maximal voluntary ventilation (Berry
t al., 1989) or diaphragmatic muscle strength (Gilroy et al.,
988; Contreras et al., 1991; Field et al., 1991). Therefore,
ncreased levels of V̇E during exercise in pregnancy and advanc-
ng gestation may increase ratings of exertional respiratory
iscomfort.

In addition, it is reasonable to suggest that progressive
horaco-abdominal distortion, secondary to the expanding
terus (Weinberger et al., 1980; Elkus and Popovich, 1992;
rapo, 1996), may compromise the mechanical response of

he respiratory system during exercise, particularly in late
estation. Consequently, more effort (or work) may be required
o achieve a given level of V̇E during exercise, which would

rovoke an increase in respiratory discomfort. Field et al. (1991)
emonstrated that V̇E, VT, inspiratory effort and Borg dyspnea
atings were significantly greater at 48 W of cycle exercise in
ate gestation versus the post-partum (PP) state. In addition,
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elationships between inspiratory effort and VT and between
yspnea and inspiratory effort were not different in the pregnant
nd PP conditions, suggesting that pregnancy-induced increases
n exertional dyspnea reflect the normal awareness of increased
nspiratory effort that accompanies increased V̇E during mater-
al exercise and not restricted ventilatory mechanics. In that
tudy, however, third trimester exercise tests were stopped when
he subjects achieved 70% of their predicted maximum fH and,
herefore, comparisons were made at a standardized work rate
f only 48 W. At this low work rate, Borg dyspnea ratings were
nly 1.8 ± 1.4 (“very slight” to “slight”) and 1.0 ± 0.9 (“very
light”) in the third trimester and PP conditions, respectively.
iven the low dyspnea intensity ratings it is unclear whether

hese patients actually experienced significant respiratory dis-
omfort. In addition, the submaximal exercise testing protocol
mployed by Field et al. (1991) may have been too conservative
o challenge the limits of the respiratory system and unmask

potential mechanical ventilatory constraint to exercise in
regnancy. Therefore, it is difficult to make direct comparisons
etween the present study results with those of Field et al.
1991).

To our surprise and in contrast to the above, Borg dysp-
ea ratings did not increase during cycle exercise in the PG
t TM3 versus CG or from ENTRY to TM2 and TM3, respec-
ively, despite significant increases in exercise V̇E. To this end,
˙E was approximately 11 L/min (40%) higher during exercise
t the highest equivalent work rate (100 W) in the PG at TM3
ersus CG; however, dyspnea intensity was not increased in the
ormer. These results are consistent with a previous report by
htake and Wolfe (1998) who examined cardiorespiratory and
PEr responses to light (20 W), moderate (45 W) and heavy

65 W) steady-state cycle exercise in 20 healthy women at
pproximately 18, 27 and 37 weeks gestation and 3 months
P. In accordance with the present study, significant increases

n V̇E, V̇E/V̇CO2 and V̇E/V̇O2 were observed at all three work
ates in the pregnant versus PP state (Ohtake and Wolfe, 1998).
˙E and V̇E/V̇CO2 were also significantly greater during exer-
ise at 37 versus 18 weeks gestation, particularly at higher work
ates, which is in good agreement with our results. Despite these
ifferences, no measurable changes in RPEr were observed at
ny work rate during pregnancy or with advancing gestation
Ohtake and Wolfe, 1998). In that study, however, RPEr was not
primary outcome variable, comparisons were made at modest

ubmaximal steady-state work rates corresponding to RPEr rat-
ngs between 8 and 12 (“extremely light” to “somewhat hard”),
he qualitative dimension of RPEr was not defined for the sub-
ects and the end-points of the Borg 6–20 scale were not anchored
rior to exercise. Therefore, it may not be possible to directly
ompare the present study results with those of Ohtake and Wolfe
1998).

Unlike most previous studies (Contreras et al., 1991; Field
t al., 1991; Ohtake and Wolfe, 1998), pregnancy-induced
ncreases in V̇E at rest and during exercise in this study could be

xplained by increased fR with no change in VT. The reason for
his difference is not clear. It is possible that increasing V̇E by
ncreasing fR has no effect on the sensation of exertional dyspnea
s observed in this study whereas increasing V̇E by increasing VT

p
t
c
r
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ay increase dyspnea as seen by others (Field et al., 1991). How-
ver, this is unlikely since Ohtake and Wolfe (1998) reported
o change in RPEr during submaximal steady-state cycle exer-
ise in pregnancy and advancing gestation, despite significant
ncreases in V̇E and VT with no change in fR.

Gilbert et al. (1962) and Gilbert and Auchincloss (1966)
ypothesized that gestational dyspnea may be due to an exag-
erated central perception of V̇E or respiratory effort. If this
ypothesis were true then dyspnea would be greater at any
iven V̇E or respiratory effort during exercise in the pregnant
ersus non-pregnant state. In this study, however, dyspnea was
pproximately 1 Borg unit lower in the PG at TM3 versus
G (p = 0.17) and not different at TM3 versus ENTRY, despite

ignificant thoraco-abdominal distortion secondary to a 10 kg
14%) increase in maternal body mass from ENTRY to TM3
nd a 19 kg difference in body mass between the PG at TM3 and
G. Similarly, Ohtake and Wolfe (1998) reported a decrease

n the RPEr-V̇E relationship during light, moderate and heavy
ubmaximal steady-state cycle exercise in late gestation versus
P. Finally, Field et al. (1991) demonstrated that the relationship
etween dyspnea intensity and inspiratory effort was preserved
uring submaximal exercise in late gestation. Taken together,
he central perception of respiratory effort may be unchanged or
ven slightly reduced during exercise in pregnancy and through-
ut gestation.

Detailed measures of pulmonary function, resting and
ynamic operating lung volumes, airway resistance/function
nd respiratory mechanics were not obtained in this study and,
herefore, our ability to interpret and discuss the results is lim-
ted. Notwithstanding these limitations, the proceeding discus-
ion addresses possible explanations for the lack of anticipated
ncrease in respiratory discomfort during maternal exercise
sing results from published studies in human pregnancy, health
nd disease. Possible explanations may include (1) desensitiza-
ion to exertional respiratory discomfort during pregnancy and
2) compensatory adaptations in baseline ventilatory mechanics.

We cannot rule out the possibility that during the course of
uman pregnancy, temporal desensitization to the sensory con-
equences of an increased ventilatory drive and relative hyper-
entilation somehow obviates the expected increase in perceived
espiratory discomfort during cycle exercise. To our knowledge
o studies have been undertaken to compare sensory detection
hresholds for external mechanical loads in the pregnant versus
on-pregnant state. However, one would not anticipate blunted
ensory responsiveness during pregnancy given the increased
mplitude of the chemical and non-chemical drives to breathe
hat characterize this condition (Moore et al., 1987; Wolfe et al.,
998; Jensen et al., 2005).

Plasma �-endorphin concentrations are significantly greater
t rest and during exercise in pregnancy (McMurray et al., 1990).
n addition, the �-endorphin response to exercise is report-
dly magnified in pregnant women (McMurray et al., 1990).
hus, increased �-endorphin levels may desensitize the central

erception of respiratory effort such that the intensity of respira-
ory discomfort during maternal exercise is unchanged, despite
hanges in V̇E and ventilatory mechanics. Increased �-endorphin
elease would be expected to attenuate the V̇E response to exer-
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ise and would not, therefore, alter dyspnea-V̇E relationships
hroughout exercise as occurred in our study participants. More-
ver, if �-endorphins modulated central perception of global
ffort from respiratory and other peripheral skeletal muscles one
ould anticipate a decrease in the intensity of perceived leg dis-

omfort at any given work rate in pregnant versus non-pregnant
omen. However, this was not the case as Borg ratings of leg
iscomfort were not different throughout exercise in the PG at
M3 versus CG of the present study.

O’Donnell et al. (2000) previously demonstrated that increas-
ng ventilatory drive by dead space loading during exercise
n young healthy men had no effect on the slope or position
f the dyspnea-V̇E response curve, provided the mechanical
esponse of the respiratory system was not constrained. How-
ver, in that study, imposing a mechanical constraint to VT
xpansion by chest wall strapping caused a dramatic upwards
hift of the dyspnea-V̇E response curve, such that dyspnea inten-
ity at any given V̇E during exercise was significantly greater
ompared to the mechanically unloaded condition. Similarly,
yperoxia-induced reductions in ventilatory drive during exer-
ise in patients with chronic obstructive pulmonary disease had
o effect on the dyspnea-V̇E relationship whereas mechanical
nloading reduced dyspnea intensity at any given exercise V̇E
Peters et al., 2006). These data suggest that a change in dyspnea
ntensity at a standardized V̇E during exercise in both health and
isease reflects a change in ventilatory mechanics, independent
f ventilatory drive/demand. Since pregnancy-induced increases
n exercise V̇E and ventilatory drive are almost fully estab-
ished by the eighth week of gestation (Weissgerber et al., 2006)
rogressive mechanical ventilatory constraints with advancing
estation (secondary to thoraco-abdominal distention with atten-
ant reductions in chest wall and respiratory system compliance)
ould become the dominant contributor to dyspnea at any given

˙E during exercise. However, Borg dyspnea ratings at iso-V̇E40

ere not different at TM3 versus ENTRY. In addition, dyspnea
as approximately 1 Borg unit lower in the PG at TM3 ver-

us CG (p = 0.17) even though V̇E/V̇CO2 (i.e., ventilatory drive)
nd V̇E/V̇O2 (i.e., ventilatory demand) were significantly greater.
hese data suggest that the mechanical response of the respira-

ory system may be preserved during exercise in healthy human
regnancy.

It is possible that mechanical adaptations of the respiratory
ystem including altered resting and dynamic operating lung
olumes and reduced airways resistance, preserve ventilatory
echanics and minimize the work of breathing and, therefore,

espiratory discomfort in the setting of increased V̇E during
aternal exercise. Human pregnancy is characterized by sig-

ificant and consistent changes in lung volumes and capacities
hat are identifiable by approximately 15 weeks gestation and
rogress to term (Knuttgen and Emerson, 1974; Gilroy et al.,
988; Berry et al., 1989; Contreras et al., 1991). These changes
nclude a 15–20% (400–500 mL) reduction in end-expiratory
ung volume (EELV) secondary to reductions in expiratory

eserve volume, with little or no change in residual volume
Knuttgen and Emerson, 1974; Gilroy et al., 1988; Berry et
l., 1989; Contreras et al., 1991). The reduction in EELV is
ffectively offset by a 15–20% (300–400 mL) increase in resting

t
r
a
p
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nspiratory capacity (IC) such that total lung capacity does not
hange (Knuttgen and Emerson, 1974; Contreras et al., 1991).
ince residual volume and total lung capacity are preserved dur-

ng pregnancy vital capacity does not change, as confirmed by
ur results. Therefore, VT expansion during maternal exercise
ithin an already increased IC may preserve the relationship
etween inspiratory effort and volume displacement thereby
voiding encroachment of end-inspiratory lung volume on the
pper alinear extreme of the respiratory system’s sigmoidal
ressure–volume curve where (1) VT expansion is constrained,
2) work of breathing is increased and (3) severe dyspnea is
rovoked (O’Donnell, 2006). Thus, recruitment of resting IC
ould, at least in theory, preserve neuromechanical coupling of

he respiratory system in the transition from rest to peak exercise
nd may explain why dyspnea did not increase despite increased
˙E and ventilatory drive during maternal exercise in this study.

The role of reduced airways resistance as a potentially impor-
ant ventilatory adaptation to pregnancy remains to be deter-

ined. Pregnancy-induced reductions in EELV (Knuttgen and
merson, 1974; Gilroy et al., 1988; Berry et al., 1989; Contreras
t al., 1991) and arterial PCO2 (Jensen et al., 2005) in addi-
ion to increased circulating estrogen concentrations (Jensen et
l., 2005) would be expected to increase flow resistance of the
pper and lower airways (Briscoe and DuBois, 1958; Newhouse
t al., 1964; Elkus and Popovich, 1992; Crapo, 1996). Despite
hese changes, however, neither pregnancy nor advancing ges-
ation have an effect on forced expiratory volumes (Milne et al.,
977; Knuttgen and Emerson, 1974; Berry et al., 1989) or peak
xpiratory flow rates (Brancazio et al., 1997), suggesting lower
irway resistance and bronchodilation. In fact, airway resis-
ance has been shown to decrease in human pregnancy (Rubin
t al., 1956; Gee et al., 1967; Garrard et al., 1978). It is possible
hat pregnancy-induced increases in circulating progesterone (a
otent smooth muscle relaxant) decrease airway resistance by
direct bronchodilatory action thereby minimizing the oxygen

ost of breathing. This progesterone-dependent bronchodilation
ould explain why Borg dyspnea ratings at iso-V̇E40 were slightly
educed in our study. A comparison of iso-volume tidal respired
ow rates at a standardized exercise V̇E during the pregnant and
ost-partum period would be required to conclusively evaluate
he potential role of pregnancy-induced bronchodilation in min-
mizing the oxygen cost of breathing and perhaps, therefore,
yspnea.

.1. Summary

Pregnant women experienced no increase in respiratory dis-
omfort, despite substantial increases in V̇E during progressive
on-weight bearing cycle ergometer exercise in pregnancy and
hroughout gestation. In addition, Borg ratings of respiratory
iscomfort at a standardized exercise V̇E of 40 L/min were not
ncreased as a result of pregnancy or advancing gestation, sug-
esting mechanical adaptation of the respiratory system. Studies

hat include detailed examination of pulmonary function, respi-
atory mechanics, operating lung volumes, V̇E, breathing pattern
nd dyspnea intensity during exercise in the pregnant and post-
artum period are required.
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