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This study was designed to test the hypothesis that the
vascular remodeling of pregnancy begins early, persists
for at least 1 year after delivery, and is accentuated by
a second pregnancy. Serial estimates of heart rate, ar-
terial pressure, left ventricular volumes, cardiac output,
and calculated peripheral resistance were obtained be-
fore pregnancy, every 8 weeks during pregnancy, and
12, 24, and 52 weeks postpartum in 15 nulliparous and
15 parous women using electrocardiography, auto-
mated manometry, and M-mode ultrasound. During
pregnancy, body weight increased 14.5 6 1.8 kg and
returned to prepregnancy values 1 year postpartum.
Heart rate peaked at term 15 6 1 beat/min above
prepregnancy levels (57 6 1 beat/min). Mean arterial
pressure reached its nadir (26 6 1 mm Hg) at 16 weeks,

returning to baseline at term. The increases in left ven-
tricular volumes and cardiac output (2.2 6 0.2 L/min)
peaked at 24 weeks as did the 500 6 29 dyneszcmzs25

decrease in peripheral resistance, and their magnitude
was significantly greater in the parous women. Postpar-
tum they gradually returned toward baseline but re-
mained significantly different from prepregnancy values
in both groups at 1 year. We conclude that cardiovas-
cular adaptations to the initial pregnancy begin early,
persist postpartum, and appear to be enhanced by a
subsequent pregnancy. We speculate that persistence of
these changes may lower cardiovascular risk in later
life. Q1997 by Excerpta Medica, Inc.

(Am J Cardiol 1997;80:1469–1473)

In rodents, sheep, and humans, pregnancy is associ-
ated with both structural and functional changes in

the heart and vessels.1–7 Ventricular dimensions, heart
rate, cardiac output, vascular compliance, and capac-
itance increase, peripheral resistance, and blood pres-
sure decrease. Many of these changes can be induced
by hormonal administration8–10 and appear to be nor-
mally induced by the hormonal milieu of pregnancy
which influences vessel structure, basal tone, and re-
activity7,11–13 via receptors for chorionic gonado-
tropin, estradiol, and progesterone located in vascular
endothelium and smooth muscle.14,15Serial studies in
humans suggest that these changes occur early in the
course of pregnancy and that they persist for an un-
known period of time postpartum.5–7,10,11,16,17How-
ever, there is little information on the duration and
magnitude of these changes postpartum, the effects of
subsequent pregnancy on their magnitude, or their
effect on long-term cardiovascular benefit or risk.17–19

The current study was designed to explore these issues
by testing the hypothesis that the vascular remodeling
of pregnancy begins early, persists for at least 1 year
after delivery, and is accentuated by a second preg-
nancy.

METHODS
Study group: Thirty, healthy, physically active,

nonsmoking women were recruited before pregnancy
and studied serially before, during, and for 1 year after
a clinically normal, singleton pregnancy. Fifteen were
nulliparous and 15 were parous (1 or 2 previous preg-
nancies) at the time of enrollment. All delivered at
term, breast fed for 3 to 9 months, and used barrier
forms of contraception. The protocol was approved by
the institutional review committees and all subjects
gave informed consent at the time of enrollment.
Some of the data obtained in 4 subjects have been
previously reported.6,17

Study design: After initial evaluation, a mock set of
measurements was obtained to acquaint each subject
with the equipment and procedures. Thereafter, serial
estimates of heart rate, arterial pressure, and left ven-
tricular volumes were obtained under standardized
conditions before pregnancy, every 8 weeks during
pregnancy, and 12, 24, and 52 weeks postpartum (61
week). Cardiac output and systemic vascular resis-
tance were calculated from these data. Data were not
normalized for body surface area or weight because
the former cannot be accurately estimated during
pregnancy and the latter does not accurately reflect
changes in lean body mass during pregnancy.20 Out-
come parameters were analyzed using repeated-mea-
sures analysis of variance to detect significant changes
over time in the entire group and within each group.
Significant within group and group differences be-
tween individual time points were also examined post
hoc using a pairedt test. Between-group differences at
each time point were detected using the unpairedt
test. The level of significance was set at a p value
#0.05 and all data are presented as mean6 SEM.
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Specific methodology: Measurements were obtained
in a relaxed atmosphere by familiar personnel. After
instrumentation, the subject rested in the left lateral
decubitus position for 20 to 30 minutes and then serial
estimates of heart rate, blood pressure, and left ven-
tricular end-diastolic and end-systolic dimensions
were obtained over 10 to 15 minutes without posi-
tional change. Systolic and diastolic blood pressure
(3rd Korotkoff sound) were estimated every 1 to 2
minutes on the right arm using either a mercury ma-
nometer or a Colin APPM 630 portable monitor (San
Antonio, Texas) in the auscultory mode. The calibra-
tion of the latter was routinely checked against a
mercury manometer after application to the subject

and results corrected for the zero offset created by the
left lateral position. Mean arterial pressure was calcu-
lated as diastolic blood pressure plus 1/3 of the pulse
pressure. Left ventricular dimensions were repeatedly
estimated by 1 of 3 examiners with M-mode ultra-
sound via a left parasternal long-axis view of the left
atrium, left ventricle, and ascending aorta using either
a GE 3600 (Milwaukee, Wisconsin), an ATL Ultra-
mark 4 (Bothell, Washington), or a Siemens sonoline
SL2 (Frankfurt, Germany). All studies on an individ-
ual subject were obtained using the same machine
and, in all but 3 cases, by the same examiner.

The M-mode tracing and measurements of the left
ventricular end-systolic and end-diastolic dimensions
were obtained in accordance with the guidelines pub-
lished by the American Society of Echocardiogra-
phy.21 Over the 10- to 15-minute study interval, a
minimum of 9 and a maximum of 21 separate esti-
mates were obtained at various phases of the respira-
tory cycle, and the average values obtained were used
to calculate left ventricular end-diastolic and end-
systolic volumes using the formula developed by
Teichholtz for a modified prolate ellipsoid.22 This
formula has been validated against angiography and
thermodilution in nonpregnant individuals.22,23 The
value obtained using it with M-mode alone during
pregnancy is similar to that obtained with Doppler and
M-mode, which has been validated against thermodi-
lution in pregnant women.5,24 The within-study vari-
ability of the individual measurements around the

mean averaged6 5%, with individ-
ual differences ranging from 0% to
14%. Heart rate was measured at the
same time as the ventricular dimen-
sions from the electrocardiogram or
the ultrasound trace. These data were
used to calculate stroke volume (end
diastolic 2 end-systolic volume),
cardiac output (stroke volume3
heart rate), and systemic vascular re-
sistance without correction for cen-
tral venous pressure (mean arterial
pressure/cardiac output3 80).6

RESULTS
Subject characteristics: The sub-

jects all were in good health, and, on
the basis of education (186 1 year)

and income (upper 2 quartiles for state and county of
residence), were classified as coming from the middle
and upper socioeconomic class. Most (26 of 30) ex-
ercised regularly before, during, and after their preg-
nancy. They were 326 1 years of age, weighed
61.06 1.8 kg before pregnancy, and returned to that
weight by 1 year after delivery (61.66 1.8 kg). Their
prepregnancy percent body fat, estimated from 5 site
skinfolds,11 averaged 18.46 2.0% and their preg-
nancy weight gain 14.56 1.6 kg. The women in the
nulliparous and multiparous groups were similar in
age (316 1 vs 326 1 years), height (1686 3 vs
167 6 3 cm), prepregnancy weight (60.66 2.3 vs
62.1 6 2.8 kg), and prepregnancy percent body fat

TABLE I Serial Cardiovascular Data for 30 Subjects

Time (wks)
Heart Rate
(beats/min)

Mean Pressure
(mm Hg)

End-Diastolic
Volume (ml)

Before pregnancy 57 6 1 84 6 1 123 6 3
8 wks pregnant 64 6 2* 80 6 2* 133 6 4*
16 wks pregnant 67 6 1* 78 6 1* 137 6 4*
24 wks pregnant 69 6 1* 78 6 1* 142 6 4*
32 wks pregnant 71 6 1* 80 6 1* 141 6 4*
38 wks pregnant 72 6 2* 82 6 2 140 6 4*
12 wks postpartum 60 6 1 83 6 1 138 6 4*
24 wks postpartum 58 6 1 84 6 1 133 6 4*
52 wks postpartum 58 6 2 82 6 2 132 6 4*

*Significantly different from before pregnancy (p ,0.05).
Data are expressed as mean 6 SEM.

TABLE II Serial Cardiovascular Data for 30 Subjects

Time (wks)

Stroke
Volume

(ml)
Cardiac Output

(L/min)

Vascular
Resistance

(dyneszcmzsec25)

Before pregnancy 82 6 2 4.69 6 0.24 1,428 6 30
8 wks pregnant 92 6 3* 5.90 6 0.26* 1,080 6 27*
16 wks pregnant 94 6 3* 6.31 6 0.24* 984 6 31*
24 wks pregnant 97 6 3* 6.72 6 0.29* 928 6 28*
32 wks pregnant 96 6 3* 6.80 6 0.28* 935 6 26*
38 wks pregnant 96 6 3* 6.91 6 0.30* 946 6 37*
12 wks postpartum 94 6 3* 5.65 6 0.24* 1,175 6 32*
24 wks postpartum 90 6 2* 5.22 6 0.23* 1,289 6 28*
52 wks postpartum 89 6 2* 5.19 6 0.21* 1,276 6 27*

*Significantly different from before pregnancy (p ,0.05).
Data are expressed as mean 6 SEM.

TABLE III Cardiovascular Data by Parity

Time (wks)

End-Diastolic
Volume—

First
Pregnancy (ml)

End-Diastolic
Volume—
Second

Pregnancy (ml)

Stroke
Volume—

First
Pregnancy (ml)

Stroke
Volume—
Second

Pregnancy (ml)

Before pregnancy 123 6 5 122 6 5 84 6 5 80 6 4
8 wks pregnant 131 6 5 135 6 5 90 6 4 93 6 4
16 wks pregnant 134 6 5 139 6 5 92 6 4 96 6 2
24 wks pregnant 138 6 5 145 6 5 94 6 4 100 6 3
32 wks pregnant 137 6 5 145 6 5 92 6 4 100 6 2*
38 wks pregnant 138 6 5 143 6 5 93 6 4 99 6 4
12 wks postpartum 135 6 5 141 6 5 91 6 4 97 6 3
24 wks postpartum 129 6 5 138 6 5 88 6 4 95 6 3
52 wks postpartum 129 6 5 135 6 5 88 6 4 92 6 3

*Indicates a significant between-group difference, (p ,0.05).
Data are expressed as mean 6 SEM.
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(18.2 6 2.2% vs 18.66 2.4%). Pregnancy weight
gains were also similar (15.06 2.0 vs 13.96 1.9 kg),
and weights in both groups had returned to prepreg-
nancy levels at 1 year postpartum (61.16 2.4 vs
62.36 2.7 kg).

Cardiovascular measurements in the entire study
group: The serial estimates of heart rate, mean arterial
blood pressure, left ventricular end-diastolic volume,
stroke volume, cardiac output, and calculated systemic

vascular resistance for the entire study
group are detailed in Tables I and II. Note
that heart rate increased early, peaked at
term 15 beats/min above prepregnancy
levels, returned to baseline by 12 weeks
postpartum, and remained at that level
throughout the first year postpartum.
Mean arterial pressure decreased early,
reaching its nadir by the 16th week, and
returned to prepregnancy values at term
with no significant change thereafter. Left
ventricular end-diastolic and stroke vol-
umes also increased steeply at 8 and 16
weeks and then abruptly leveled off with
no further significant changes after the
24th week. Although both gradually re-
turned toward prepregnancy levels post-
partum, both remained significantly
above prepregnancy levels throughout
the first year after delivery. As a result of
these changes, a similar time course was
observed for the changes in cardiac out-
put and systemic vascular resistance.
Over 70% of the increase in cardiac out-
put and.85% of the decrease in sys-
temic vascular resistance occurred by the
16th week and there were no further sig-
nificant changes in either parameter after
the 24th week. Likewise, 23% of the
pregnancy-associated increase in cardiac
output and 30% of the pregnancy-associ-
ated decrease in systemic vascular resis-
tance were still present 1 year postpar-
tum. Ejection fraction was unchanged
throughout.

Cardiovascular measurements based
on parity: Parity had no significant ef-
fect on either the time course or mag-
nitude of the pregnancy-associated
changes in heart rate and arterial blood
pressure (data not shown), and the same
was true for the absolute values for left
ventricular end-diastolic volume and
stroke volume (Table III). However, the
absolute changes in left ventricular end-
diastolic volume and stroke volume in-
creased significantly faster until the
24th week, and were significantly
greater in magnitude in women experi-
encing their second or third pregnancy
at all time points (Figures 1 and 2). As
a result, the absolute changes in cardiac
output and systemic vascular resistance

were significantly different between the 2 groups at
many time points (Table IV) and, save for systemic
vascular resistance 1 year postpartum, the absolute
changes for both were significantly different through-
out (Figures 3 and 4).

DISCUSSION
To the best of our knowledge, this study is the first

that has prospectively assessed the serial changes in

FIGURE 1. Change in left ventricular end-diastolic volume during normal preg-
nancy and the first year postpartum in nulliparous and parous women. Open cir-
cles, 15 nulliparous women; open squares 15 parous women. Data are presented
as mean 6 SEM. The rate of change is significantly different in the 2 groups
through the 24th week and the magnitude of the change is significantly greater in
the parous group at all time points other than before pregnancy (PTP).

FIGURE 2. Change in stroke volume during normal pregnancy and the first year
postpartum in nulliparous and parous women. Open circles, 15 nulliparous wom-
en; open squares, 15 parous women. Data are presented as mean 6 SEM. The
rate of change is significantly different in the 2 groups through the 24th week and
the magnitude of the change is significantly greater in the parous group at all
time points other than before pregnancy (PTP).
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central cardiovascular function in healthy women be-
fore, during, and for a protracted period of time after
pregnancy. The data confirm earlier findings indicat-
ing that the cardiovascular changes of pregnancy be-
gin early and are largely completed in the first half of
pregnancy.1,5–7,11 Second, the consistent differences
seen in the magnitude of the absolute changes in the
parous group indicate that ventricular volumes, car-
diac output, and systemic resistance are greater during
subsequent pregnancies in physically active women.
Finally, these changes do not return to prepregnancy
levels for at least 1 year after delivery in women who
both breast feed and remain physically active.

The latter 2 findings are new. The first suggests that
the hormonal stimulus provided by the initial pregnancy
imprints the vasculature in a way that alters the magni-
tude of the cardiovascular response to subsequent hor-

monal stimulation. To date no other study
has addressed the effect of parity on the
magnitude of the pregnancy-associated
changes in ventricular volume, cardiac
output, and systemic resistance, but the
observations of Hart et al,25 indicating
that aortic size and compliance is greater
in parous women, suggest that it is real.
This raises the issue of the significance of
parity as a determinant of cardiovascular
risk later in life. Theoretically, these preg-
nancy-related changes reflect a hyperdy-
namic, compliant circulatory system that
should decrease barotrauma over ex-
tended periods of time and thereby reduce
cardiovascular risk in a similar fashion to
that produced by regular exercise and
postmenopausal estrogen replacement
therapy.26–28The epidemiologic data ad-
dressing this issue have recently been re-
viewed in detail by Ness et al.18 They
conclude that multiple confounders cloud
the issue, but that multiparity ($4 live
births) with all its accompanying con-
founders (stress, socioeconomic status,
weight gain, fat mass, lipid profile, and so
forth) is associated with a modest in-

crease in cardiovascular risk later in life. Likewise, a
recent study by Sadaniantz et al.19 found no consistent
relation between multiparity and left ventricular volumes
or improved cardiovascular function in sedentary women
an average of 12 years after their last pregnancy, indi-
cating that these changes do not persist into the peri-
menopausal years in a sedentary populace. Unfortu-
nately, there are no data addressing the effect of 1 or 2
pregnancies in physically active women on either long-
term cardiovascular function or risk. Additional studies
addressing the long-term effects of this combination
would be of interest.

The second new finding extends earlier observa-
tions5,16,17,25and indicates that the vascular remodel-
ing of pregnancy persists for an extended period of
time in healthy active women. Indeed, it is possible
that these women’s regular exercise programs poten-

FIGURE 3. Change in cardiac output during normal pregnancy and the first year
postpartum in nulliparous and parous women. Open circles, 15 nulliparous wom-
en; open squares, 15 parous women. Data are presented as the mean 6 SEM.
The rate of change is significantly different in the 2 groups through the eighth
week and the magnitude of the change is significantly greater in the parous group
at all time points other than before pregnancy (PTP) and 52 weeks postpartum
(52PP).

TABLE IV Cardiovascular Data by Parity

Time (wks)

Cardiac
Output—First
Pregnancy

(L/min)

Cardiac
Output—Second

Pregnancy
(L/min)

Vascular
Resistance—First

Pregnancy
(dyneszcmzsec25)

Vascular
Resistance—Second

Pregnancy
(dyneszcmzsec25)

Before pregnancy 4.76 6 0.28 4.64 6 0.20 1,418 6 50 1,436 6 58
8 wks pregnant 5.54 6 0.34 6.36 6 0.34* 1,157 6 35 993 6 41*
16 wks pregnant 6.03 6 0.26 6.59 6 0.33 1,032 6 30 951 6 29*
24 wks pregnant 6.25 6 0.33 7.19 6 0.37* 991 6 36 886 6 39*
32 wks pregnant 6.52 6 0.38 7.27 6 0.38 963 6 37 894 6 41
38 wks pregnant 6.49 6 0.43 7.50 6 0.36* 988 6 42 901 6 39
12 wks postpartum 5.34 6 0.29 5.96 6 0.29 1,236 6 51 1,142 6 53
24 wks postpartum 4.95 6 0.31 5.66 6 0.21* 1,327 6 52 1,193 6 41*
52 wks postpartum 5.05 6 0.29 5.39 6 0.26 1,272 6 42 1,236 6 43

*Indicates a significant between-groups difference, (p ,0.05).
Data are expressed as mean 6 SEM.
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tiated the changes as does the similar effects of phys-
ical training alone on left ventricular volumes.26 In-
deed, the combined effects of pregnancy and regular
exercise on ventricular function may help to explain
the increased maximal oxygen consumption that has
been documented in female runners who have exer-
cised regularly during and after pregnancy.29 Also,
breast feeding, through its effects on blood volume,30

may have played a role.
Finally, in this physically active group, the 2.3-L

increase in cardiac output was due to a 17% increase
in stroke volume and a 26% increase in heart rate.
Published reports indicate that these percentages are
quite sensitive to changes in position (left lateral,
supine, upright), which alter preload, and that they
also are highly variable between women. The latter
probably reflects differences in fitness, which alter
baseline nonpregnant values.26 In this relatively fit
group, baseline heart rates were low and stroke vol-
umes were high. In a sedentary populace with the
same cardiac output, baseline heart rate would be
higher (about 69 beats) and baseline stroke volume
lower (about 68 ml). In those women, the same preg-
nancy-associated incremental changes would probably
occur, but the percent increase in the 2 components
would be more balanced (i.e., a 21% increase in stroke
volume and a 22% increase in heart rate).

Acknowledgment: We wish to thank Karen H.
Risk, Sarah Appleby-Wineberg, Mary Kortan, and
Beth Lopez for there expert assistance in conducting
these studies.

1. Rubler S, Damani PM, Pinto ER. Cardiac size and performance during
pregnancy estimated with echocardiography.Am J Cardiol1977;40:534–540.

2. Morton MJ, Tsang H, Hohimer AR, Ross D, Thornburg
K, Faber J, Metcalfe J. Left ventricular size, output and
structure during guinea pig pregnancy.Am J Physiol1984;
246:R40–R48.
3. Davis LE, Hohimer AR, Giraud GD, Paul MS, Morton
MJ. Vascular pressure-volume relationships in pregnant
and estrogen treated guinea pigs.Am J Physiol1989;257:
R1205–R1211.
4. Clapp JF. Cardiac output and uterine blood flow in the
pregnant ewe.Am J Obstet Gynecol1978;130:419–423.
5. Robson SC, Hunter S, Boys RJ, Dunlop W. Serial
study of factors influencing changes in cardiac output
during human pregnancy.Am J Physiol 1989;256:
H1060 –H1065.
6. Capeless EL, Clapp JF. Cardiovascular changes in early
phase of pregnancy.Am J Obstet Gynecol1989;161:1449–
1453.
7. Duvekot JJ, Cheriex EC, Pieters FAA, Menheere PCA,
Peeters LLH. Early pregnancy changes in hemodynamics
and volume homeostasis are consecutive adjustments trig-
gered by a primary fall in systemic vascular tone.Am J
Obstet Gynecol1993;169:1382–1392.
8. Hart MV, Hosenspud JD, Hohimer AR, Morton MJ.
Hemodynamics during sex steroid administration in guinea
pigs.Am J Physiol1985;249:R179–R185.
9. Giraud GD, Morton MJ, Davis LE, Paul MS, Thornburg
KL. Estrogen-induced left ventricular enlargement in ewes.
Am J Physiol 1993;264:E490–E496.
10. Veille JC, Morton MJ, Burry K, Nemeth M, Speroff L.
Estradiol and hemodynamics during ovulation induction.J
Endocrinol Metab1986;63:721–724.
11. Clapp JF, Seaward BL, Sleamaker RH, Hiser J. Mater-
nal physiologic adaptations to early human pregnancy.
Am J Obstet Gynecol1988;159:1456–1460.
12. Davidge ST, McLaughlin MK. Endogenous modulation
of the blunted adrenergic response in resistance-sized mes-

enteric arteries from the pregnant rat.Am J Obstet Gynecol1992;167:1691–1698.
13. Nisell H, Hjemdahl P, Linde B. Cardiovascular responses to circulating
catecholamines in normal pregnancy and in pregnancy-induced hypertension.
Clin Physiol1985;5:479–493.
14. McGill H. Sex steroid hormone receptors in the cardiovascular system.
Postgrad Med J1989;64–68.
15. Bergquvist A, Bergquvist D, Ferno M. Estrogen and progesterone receptors
in vessel walls.Acta Obstet Gynecol Scand1993;72:6–10.
16. Robson SC, Hunter S, Moore M, Dunlop W. Haemodynamic changes during
the puerperium: a Doppler and M-mode echocardiographic study.Br J Obstet
Gynaecol1987;94:1028–1039.
17. Capeless EL, Clapp JF. When do cardiovascular parameters return to their
preconceptional values?Am J Obstet Gynecol1991;165:683–686.
18. Ness RB, Schotland HM, Flegal KM, Shofer FS. Reproductive history and
coronary heart disease risk in women.Epidemiol Rev1994;16:298–314.
19. Sadaniantz A, Saint Laurent L, Parisi, AF. Long-term effects of multiple
pregnancies on cardiac dimensions and systolic and diastolic function.Am J
Obstet Gynecol1996;174:1061–1064.
20. Devereux RB, Lutas EM, Casale PN, Kligfield P, Eisenberg RR, Hammond
IW, Miller DH, Reiss G, Alderman MH, Laragh JH. Standardization of M-mode
echocardiographic left ventricular anatomic measurements.J Am Coll Cardiol
1984;4:1222–1230.
21. Sabn DJ, DeMaria A, Weyman A. Recommendations regarding quantitation
in M-mode echocardiography: results of a survey of echocardiographic measure-
ments.Circulation 1978;58:1072–1083.
22. Teichholtz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocardio-
graphic volume determinations: echocardiographic-angiographic correlations in
the presence or absence of asynergy.Am J Cardiol1976;37:7–11.
23. Kronik G, Slany J, Mosslacker H. Comparative value of eight M-mode
echocardiographic formulas for determining left ventricular stroke volume.Cir-
culation 1979;60:1308–1316.
24. Lee W, Rokey R, Cotton D. Noninvasive maternal stroke volume and cardiac
output determinations by pulsed doppler echocardiography.Am J Obstet Gynecol
1988;158:505–510.
25. Hart, MV, Morton MJ, Hosenspud JD, Metcalfe J. Aortic function during
normal human pregnancy.Am J Obstet Gynecol1986;154:887–891.
26. Lusiani L, Rousisvalle G, Bonanome E, Visona A, Castellani V, Macchia V,
Pagnan A. Echocardiographic evaluation of the dimensions and systolic proper-
ties of the left ventricle in freshman athletes during physical training.Eur Heart J
1986;7:196–203.
27. Barrett-Connor E, Bush TL. Estrogen and coronary artery disease in women.
JAMA 1991;265:1861–1867.
28. Kokkinos PF, Holland JC, Pittaras AE, Narayan P, Dotson CO, Papadem-
etriou V. Cardiorespiratory fitness and coronary heart disease risk factor associ-
ation in women.J Am Coll Cardiol1995;26:358–364.
29. Clapp JF, Capeless EL. The VO2maxof recreational athletes before and after
pregnancy.Med Sci Sports Exerc1991;23:1128–1133.
30. Bond CF. Blood volume changes in the lactating rat.Endocrinology1958;
63:285–289.

FIGURE 4. Change in systemic vascular resistance (S.V.R.) during normal preg-
nancy and the first year postpartum in nulliparous and parous women. Open cir-
cles 15 nulliparous women; open squares, 15 parous women. Data are presented
as mean 6SEM. The rate of change is significantly different in the 2 groups
through the eighth week and the magnitude of the change is significantly greater
in the parous group at all time points other than before pregnancy (PTP). 52PP 5
52 weeks postpartum.
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