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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 + 1.8 kg and
returned to prepregnancy values 1 year postpartum.

returning to baseline at term. The increases in left ven-
tricular volumes and cardiac output (2.2 + 0.2 L/min)
peaked at 24 weeks as did the 500 + 29 dynes.cm's—°
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. ©1997 by Excerpta Medicq, Inc.
(Am J Cardiol 1997;80:1469-1473)

Heart rate peaked at term 15 = 1 beat/min above
prepregnancy levels (57 = 1 beat/min). Mean arterial
pressure reached its nadir (—6 = 1 mm Hg) at 16 weeks,

In rodents, sheep, and humans, pregnancy is ass;édETHODS

ated with both structural and functional changes in Study group: Thirty, healthy, physically active,
the heart and vessels’ Ventricular dimensions, heartnonsmoking women were recruited before pregnancy
rate, cardiac output, vascular compliance, and capamd studied serially before, during, and for 1 year after
itance increase, peripheral resistance, and blood praslinically normal, singleton pregnancy. Fifteen were
sure decrease. Many of these changes can be indug@fliparous and 15 were parous (1 or 2 previous preg-
by hormonal administratidn’®and appear to be nor-nancies) at the time of enroliment. All delivered at
mally induced by the hormonal milieu of pregnancyerm, breast fed for 3 to 9 months, and used barrier
which influences vessel structure, basal tone, and f8rms of contraception. The protocol was approved by
activity”-11-13 via receptors for chorionic gonado-the institutional review committees and all subjects

tropin, estradiol, and progesterone located in vasculgive informed consent at the time of enrollment.
endothelium and smooth muséke!s Serial studies in a?

' Some of the data obtained in 4 subjects have been
humans suggest that these changes occur early in

f d that th ot f Bviously reported:?
course of pregnancy and that ey persist 1or an Uh- gy, 4y, design: After initial evaluation, a mock set of

1 i 7,10,11,16,17] - . . .
known period of time postpartufn How- 1 easurements was obtained to acquaint each subject

ever, there is little information on the duration an ith the equipment and procedures. Thereafter, serial

magnitude of these changes postpartum, the effects %i : i
subsequent pregnancy on their magnitude, or th% imates of heart rate, arterial pressure, and left ven

effect on long-term cardiovascular benefit or rigkto ficular volumes were obtained under standardized

; ; ditions before pregnancy, every 8 weeks during
The current study was designed to explore these 'SS&%Ignancy, and 12, 24 and 52 weeks postpartah (

by testing the hypothesis that the vascular remodelif! : ) .
of pregnancy begins early, persists for at least 1 ye ek). Cardiac output and systemic vascular resis-

after delivery, and is accentuated by a second pre?—”ce were calculated from these data. Data were not
nancy. ' ormalized 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 pregnadput-
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 pairetitest. Between-group differences at
each time point were detected using the unpaired
test. The level of significance was sdtap value
=0.05 and all data are presented as me&aSEM.
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and results corrected for the zero offset created by the
left lateral position. Mean arterial pressure was calcu-
Heart Rate  Mean Pressure  EndDiastolic | |ated as diastolic blood pressure plus 1/3 of the pulse

TABLE | Serial Cardiovascular Data for 30 Subjects

Time (wks) [beats/min]  (mm Hg)  Volume (ml) | npressure. Left ventricular dimensions were repeatedly
Before pregnancy 57 = 1 84 + 1 123 =3 estimated by 1 of 3 examiners with M-mode ultra-
8 wks pregnant 64 = 2% 80 = 2* 133 = 4> sound via a left parasternal long-axis view of the left
2 xt: pregnart 2; N ;g N 7 j: atrium, left ventricle, and ascending aorta using either
32 e Eregnom A 80 = 1+ 1471 = 4* a GE 3600 (Milwaukee, Wisconsin), an ATL Ultra-
38 wks pregnant 72 + 2% 82 + 2 140 + 4* mark 4 (Bothell, Washington), or a Siemens sonoline
12 wks postpartum 60 = 1 83 = 1 138 = 4* SL2 (Frankfurt, Germany). All studies on an individ-
24 wks postpartum 58 + 1 84 =1 133 = 4~ ual subject were obtained using the same machine
52 wks postpartum 58 = 2 82=2 182=4" | and, in all but 3 cases, by the same examiner.
*Significantly different from before pregnancy (p <0.05). The M-mode tracing and measurements of the left
Data are expressed as mean = SEM. ventricular end-systolic and end-diastolic dimensions

were obtained in accordance with the guidelines pub-
lished by the American Society of Echocardiogra-
phy2t Over the 10- to 15-minute study interval, a
Stroke , Vascular minimum of 9 and a maximum of 21 separate esti-
Volume - Cardiac Output  Resistance 5 | mates were obtained at various phases of the respira-

TABLE Il Serial Cardiovascular Data for 30 Subjects

Time (wks ml L/min dynes-cm-sec™ .

fwk) (ml (/min) tdy tory cycle, and the average values obtained were used
Befokre pregnancy 25 *2 4~89 * 8-%4 }/423 * gg to calculate left ventricular end-diastolic and end-

+ 3* + * + * . .

8 wks pregnant =37 5.90=026% 1,080 =27 | gystolic volumes using the formula developed by
16 wks pregnant 94 = 3* 6.31 = 0.24 984 + 31 . o . .
24 wks pregnant 97 + 3* 672 = 0.29* 928 = 28* Teichholtz for a modified prolate ellipsofd. This
32 wks pregnant 96 = 3* 6.80 = 0.28* 935 + 26* formula has been validated against angiography and
38 wks pregnant 96 = 3* 6.91 =0.30* 946 = 37* thermodilution in nonpregnant individuadd23 The
12 wks postpartum 94 + 3 5+£024% 1,175+ 32 value obtained using it with M-mode alone during

24 wks postpartum 90 = 2*

6.
5.
5.
52 wks postpartum 89 * 2* 5.

6
22 = 0.23* 1,289 + 28*
1

04021* 1076+ 07+ pregnancy is similar to that obtained with Doppler and

M-mode, which has been validated against thermodi-
*Significantly different from before pregnancy (p <0.05). lution in pregnant womemR24 The Within'study vari-
Dota are expressed as mean = SEM. ability of the individual measurements around the
mean averaged: 5%, with individ-

TABLE Il Cardiovascular Data by Parity ual differences ranging from 0% to
End-Diastolic End-Diastolic Stroke Stroke 14%. H-eart rate was measured_ at the
Volume— Volume— Volume — Volume — same time as the ventricular dimen-
First Second First Second sions from the electrocardiogram or
Time (wks) Pregnancy (ml) Pregnancy (ml) Pregnancy (ml) Pregnancy (ml) the ultrasound trace. These data were
Before pregnancy 123 + 5 122 + 5 84+ 5 80 + 4 used to calculate stroke volume (end
8 wks pregnant 1315 135+5 90 + 4 93 + 4 diastolic — end-systolic volume),
16 wks pregnant 134+ 5 139 =5 92 = 4 96 + 2 cardiac output (stroke volumex
24 wks pregnant 138 £5 145 £ 5 94 =4 100 £3 heart rate), and systemic vascular re-
guereren 7l Ml Zoi @S2 sistance without correcton for cen-
12 wks postparium 135 = 5 141 = 5 91 = 4 97 = 3 tral venous pressure (mean arterial
24 wks postpartum 129 + 5 138 + 5 88 + 4 95+ 3 pressure/cardiac outpikt 80)6
52 wks postpartum 129 =5 1355 88 = 4 92 +3
*Indicates a significant between-group difference, (p <0.05). RESULTS
Data are expressed as mean + SEM. SUbiEC" characterisﬁcs: The sub-

jects all were in good health, and, on
the basis of education (18 1 year)
Specific methodology: Measurements were obtainedind income (upper 2 quartiles for state and county of
in a relaxed atmosphere by familiar personnel. Afteesidence), were classified as coming from the middle
instrumentation, the subject rested in the left laterahd upper socioeconomic class. Most (26 of 30) ex-
decubitus position for 20 to 30 minutes and then seriatcised regularly before, during, and after their preg-
estimates of heart rate, blood pressure, and left vemancy. They were 32 1 years of age, weighed
tricular end-diastolic and end-systolic dimension§1.0 = 1.8 kg before pregnancy, and returned to that
were obtained over 10 to 15 minutes without posiveight by 1 year after delivery (616 1.8 kg). Their
tional change. Systolic and diastolic blood pressuprepregnancy percent body fat, estimated from 5 site
(3rd Korotkoff sound) were estimated every 1 to 8kinfoldsi! averaged 18.4- 2.0% and their preg-
minutes on the right arm using either a mercury marancy weight gain 14.5 1.6 kg. The women in the
nometer or a Colin APPM 630 portable monitor (Sanulliparous and multiparous groups were similar in
Antonio, Texas) in the auscultory mode. The calibraage (31+ 1 vs 32+ 1 years), height (168 3 vs
tion of the latter was routinely checked against 467 = 3 cm), prepregnancy weight (606 2.3 vs
mercury manometer after application to the subje6R.1 = 2.8 kg), and prepregnancy percent body fat
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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 = 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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FIGURE 2. Change in stroke volume during normal pregnancy and the first year
postpartum in nu?liporous and parous women. Open circles, 15 nulliparous wom-
en; open squares, 15 parous women. Data are presented as mean = 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).

vascular resistance for the entire study
group are detailed in Tables | and Il. 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 IIl). 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

(18.2 = 2.2% vs 18.6* 2.4%). Pregnancy weightwere significantly different between the 2 groups at

gains were also similar (1548 2.0 vs 13.9+ 1.9 kg),

many time points (Table 1V) and, save for systemic

and weights in both groups had returned to prepregascular resistance 1 year postpartum, the absolute
nancy levels at 1 year postpartum (611 2.4 vs changes for both were significantly different through-

62.3 = 2.7 kg).

Cardiovascular measurements in the entire study

out (Figures 3 and 4).

group: The serial estimates of heart rate, mean arterBISCUSSION
blood pressure, left ventricular end-diastolic volume, To the best of our knowledge, this study is the first
stroke volume, cardiac output, and calculated systenti@at has prospectively assessed the serial changes in
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TABLE IV Cardiovascular Data by Parity

Cardiac Cardiac Vascular Vascular
Output—First Output—Second Resistance — First Resistance — Second

Pregnancy Pregnancy Pregnancy Pregnancy
Time (wks) (L/min) (L/min) (dynes-cmssec™?) (dynes-cm-sec™?)
Before pregnancy 4.76 +0.28 4.64 = 0.20 1,418 = 50 1,436 = 58
8 wks pregnant 5.54 +0.34 6.36 + 0.34* 1,157 = 35 993 + 41*
16 wks pregnant 6.03 = 0.26 6.59 = 0.33 1,032 = 30 951 = 29*
24 wks pregnant 6.25 +0.33 7.19 = 0.37* 991 = 36 886 = 39*
32 wks pregnant 6.52 = 0.38 7.27 =0.38 963 = 37 894 + 41
38 wks pregnant 6.49 + 0.43 7.50 + 0.36* 988 + 42 901 = 39
12 wks postpartum 534 =0.29 5.96 = 0.29 1,236 = 51 1,142 = 53
24 wks postpartum 4.95 = 0.31 5.66 =0.21* 1,327 = 52 1,193 = 41*
52 wks postpartum 5.05 =0.29 539 =0.26 1,272 + 42 1,236 = 43

*Indicates a significant between-groups difference, (p <0.05).
Data are expressed as mean * SEM.

—~ 32 monal stimulation. To date no other study
g ) T has addressed the effect of parity on the
N 28t . T /EI magnitude of the pregnancy-associated
= o—U changes in ventricular volume, cardiac
5 24r / output, and systemic resistance, but the
[ 20 T observations of Hart et &?, indicating
3 0 r O o that aortic size and compliance is greater
o 1.6} [ P “? in parous women, suggest that it is real.
= _Q N This raises the issue of the significance of
€ 12 Y N parity as a determinant of cardiovascular
© 0.8 / D\ . risk later in life. Theoretically, these preg-
z U0 Q O nancy-related changes reflect a hyperdy-
o) Y  chan
W04 N o namic, compliant circulatory system that
= O— ¥ should decrease barotrauma over ex-
£ o0 B— : : ! ! : + : tended periods of time and thereby reduce
© PTP 8 16 24 32 Term 12 24 52PP cardiovascular risk in a similar fas_hion to
that produced by regular exercise and
TIME POINT OF THE MEASUREMENT (wks) postmenopausal estrogen replacement

therapy?6-28 The epidemiologic data ad-
FIGURE 3. Change in cardiac output during normal pregnancy and the first year dressing this issue have recently been re-

postpartum in nulliparous and parous women. Open circles, 15 nulliparous wom- : d .
en; open squares, 15 parous women. Data are presented as the mean = SEM. viewed in detail by Ness et & They

The rate of change is significantly different in the 2 groups through the eighth ConQIUde that multiple cqnfognders_cloud
week and the magnitude of the change is significantly greater in the parous group  the issue, but that multiparity=(4 live

at all time points other than before pregnancy (PTP) and 52 weeks postpartum births) with all its accompanying con-
(52PP). founders (stress, socioeconomic status,

weight gain, fat mass, lipid profile, and so

forth) is associated with a modest in-
central cardiovascular function in healthy women berease in cardiovascular risk later in life. Likewise, a
fore, during, and for a protracted period of time afterecent study by Sadaniantz et'&found no consistent
pregnancy. The data confirm earlier findings indicatelation between multiparity and left ventricular volumes
ing that the cardiovascular changes of pregnancy ba-improved cardiovascular function in sedentary women
gin early and are largely completed in the first half cdin average of 12 years after their last pregnancy, indi-
pregnancy->-7:11 Second, the consistent differencesating that these changes do not persist into the peri-
seen in the magnitude of the absolute changes in timenopausal years in a sedentary populace. Unfortu-
parous group indicate that ventricular volumes, canately, there are no data addressing the effect of 1 or 2
diac output, and systemic resistance are greater durpmggnancies in physically active women on either long-
subsequent pregnancies in physically active womeerm cardiovascular function or risk. Additional studies
Finally, these changes do not return to prepregnanagidressing the long-term effects of this combination
levels for at least 1 year after delivery in women whavould be of interest.
both breast feed and remain physically active. The second new finding extends earlier observa-

The latter 2 findings are new. The first suggests thébns>16.17.25and indicates that the vascular remodel-

the hormonal stimulus provided by the initial pregnancing of pregnancy persists for an extended period of
imprints the vasculature in a way that alters the magrtime in healthy active women. Indeed, it is possible
tude of the cardiovascular response to subsequent hbiat these women’s regular exercise programs poten-
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