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Effect of maternal age on cardiac adaptation in pregnancy
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CONTRIBUTION

What are the novel findings of this work?
With increasing maternal age, there is a decrease in cardiac
output and an increase in peripheral vascular resistance
throughout pregnancy. The higher cardiac output in
younger women was achieved through an increase in
heart rate and not stroke volume. Despite better cardiac
adaptation, younger women had the highest prevalence of
a small-for-gestational-age neonate among all age groups.

What are the clinical implications of this work?
Age-specific differences in maternal hemodynamic adap-
tation alone do not explain the higher prevalence of
a small-for-gestational-age neonate in the youngest age
group.

ABSTRACT

Objective To compare longitudinal maternal hemody-
namic changes throughout gestation between different
age groups.

Methods This was a prospective longitudinal study
assessing maternal hemodynamics using a bioreac-
tance technique at 11 + 0 to 13 + 6, 19 + 0 to
24 + 0, 30 + 0 to 34 + 0 and 35 + 0 to 37 + 0 weeks’
gestation. Women were divided into four groups
according to maternal age at the first visit at
11 + 0 to 13 + 6 weeks: Group 1, < 25.0 years; Group 2,
25.0–30.0 years; Group 3, 30.1–34.9 years; and Group 4,
≥ 35.0 years. A multilevel linear mixed-effects model was
performed to compare the repeat measurements of hemo-
dynamic variables, correcting for demographics, medical
and obstetric history, pregnancy complications, maternal
age and gestational-age window.

Results The study population included 254 women in
Group 1, 442 in Group 2, 618 in Group 3 and 475 in
Group 4. Younger women (Group 1) had the highest
cardiac output (CO) and lowest peripheral vascular
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resistance (PVR), and older women (Group 4) had the
lowest CO and highest PVR throughout pregnancy.
The higher CO seen in younger women was achieved
through an increase in heart rate alone and not with a
concomitant rise in stroke volume. Although the youngest
age group demonstrated an apparently more favorable
hemodynamic profile, it had the highest incidence
of a small-for-gestational-age neonate. There was no
significant difference between the groups in the incidence
of pre-eclampsia.

Conclusion Age-specific differences in maternal hemody-
namic adaptation do not explain the differences in the
incidence of a small-for-gestational-age neonate between
age groups. © 2021 International Society of Ultrasound
in Obstetrics and Gynecology.

INTRODUCTION

A rising trend in delayed childbearing has become
increasingly common, driven by changes in socioeco-
nomic demographics, improved education and career
opportunities and advancement in assisted reproductive
techniques1,2. Previous studies examining the association
between maternal age and adverse pregnancy outcome
have reported contradictory findings. Both extremes of
the reproductive age are considered at increased risk for
adverse outcome3. Teenage mothers have a higher risk
of preterm delivery, birth of a small-for-gestational-age
(SGA) neonate, low Apgar score and postnatal mortality4.
It is uncertain whether this association is due to biological
immaturity, socioeconomic disadvantages or behavioral
factors5,6. On the other hand, most studies reported an
association between advanced maternal age and preterm
delivery, birth of a SGA neonate and perinatal death7–11.

A pathological hemodynamic profile, such as low
cardiac output (CO) and high peripheral vascular resis-
tance (PVR), has been shown to be associated with
pregnancy-related complications, such as pre-eclampsia
(PE) and birth of a SGA neonate12–16. However, it is
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unclear to what extent maternal age affects cardiovascular
response to pregnancy. Age-associated cardiovascular
changes include a complex interaction between the
preload, the heart as a pump and the afterload imposed
on the heart by the arterial system17. The biological
effects of aging include a reduction in vascular compli-
ance, impaired endothelial-dependent vasodilatation and
hypertension18,19. Furthermore, cardiac aging is associ-
ated with myocyte loss and mild hypertrophy with reduced
sensitivity to sympathetic stimuli, resulting in reduced
pumping ability20. In pregnancy, some studies suggested a
possible correlation between maternal age and an increase
in mean uterine artery pulsatility index21, arterial stiff-
ness, systemic vascular resistance22 and diastolic blood
pressure23. Although these studies are suggestive of car-
diac and vascular dysfunction in women of advanced age,
there remain limited data regarding the impact of mater-
nal age on longitudinal maternal hemodynamics and the
mechanism of cardiac maladaptation.

The objective of this study was to compare longitudinal
maternal hemodynamic changes throughout gestation
between different age groups.

METHODS

Study population

Between November 2015 and May 2016, all women with
singleton pregnancy who attended routine pregnancy care
at 11 + 0 to 13 + 6 weeks’ gestation in six maternity hospi-
tals were invited to participate in this study. Longitudinal
maternal hemodynamic and fetal assessments were per-
formed at four visits at 11 + 0 to 13 + 6, 19 + 0 to 24 + 0,
30 + 0 to 34 + 0 and 35 + 0 to 37 + 0 weeks’ gestation.
Gestational age was confirmed by measurement of fetal
crown–rump length24. Pregnancies with a fetal anomaly,
those that resulted in miscarriage or termination, those
that had poor signals and those with missing pregnancy
outcome were excluded. During each of the visits, we
enquired about the development of any pregnancy com-
plications, measured maternal weight and blood pressure
and assessed cardiovascular function non-invasively. The
study was approved by the NHS Research Ethics Com-
mittee (REC reference: 13/LO/1479).

Maternal factors and pregnancy outcome

Maternal factors recorded included age, height, weight,
body surface area, racial origin (white, black, South Asian,
East Asian or mixed), method of conception (natural
or use of assisted reproductive technologies), cigarette
smoking, medical history (chronic hypertension, diabetes
mellitus or asthma) and parity (nulliparous or parous with
or without previous PE or SGA). Pregnancy outcomes
included PE, gestational age at delivery and birth weight.

Maternal cardiac function was assessed using a
non-invasive bioreactance method (NICOM, Cheetah
Medical Ltd, Maidenhead, Berkshire, UK). We have
validated previously the NICOM monitor for use in

pregnancy by comparing it against echocardiography
across the three trimesters25. The bioreactance technology
utilizes simultaneous relative phase shifts to calculate
stroke volume (SV) when an alternating electrical current
traverses the thoracic cavity. We applied the four
electrodes across the woman’s back after 15 min of rest,
and cardiac variables (CO, SV, heart rate (HR), PVR and
mean arterial pressure (MAP)) were recorded with the
woman in a sitting position over a 10-min period at 30-s
intervals (20 cycles). Analysis of hemodynamic variables
included the averages of the measurements from the final
10 cycles.

Definitions

We classified the study population into four groups
based on maternal age at booking: Group 1, < 25.0 years;
Group 2, 25.0–30.0 years; Group 3, 30.1–34.9 years;
and Group 4, ≥ 35.0 years. Birth-weight percentile for
gestational age was derived from the Fetal Medicine
Foundation reference range26. The definitions of PE
and gestational hypertension (GH) were those of the
International Society for the Study of Hypertension in
Pregnancy27.

Statistical analysis

We examined the longitudinal changes of maternal car-
diovascular variables stratified according to maternal age
at booking, as described above. Maternal demographic
and pregnancy outcome characteristics were compared
between the four groups. For continuous data, the
Kruskal–Wallis or one-way ANOVA test was used for
non-normally and normally distributed data, respectively.
For the comparison of categorical data, the chi-square
test was used. The Kolmogorov–Smirnov test was used
to assess the normality of the distribution of numerical
data. Data are presented as median (interquartile range)
or mean ± SD for non-normally and normally distributed
continuous variables, respectively, and as n (%) for cat-
egorical variables. The distributions of maternal weight,
CO, SV, MAP and PVR were made Gaussian after log10

transformation.
For the maternal hemodynamic variables, we per-

formed a multilevel linear mixed-effects model for
repeated-measures analyses, as these models are more
robust when dealing with missing values in longitudi-
nal studies, compared to traditional repeated-measures
ANOVA. We controlled for log10 maternal weight at
booking, height, racial origin, smoking, asthma, previous
PE or SGA, parity, maternal medical conditions (chronic
hypertension and diabetes), pregnancy-related complica-
tions, such as PE, GH and gestational diabetes, method
of conception (natural or by assisted reproductive tech-
niques), maternal age group, gestational-age window (i.e.
the four visits) and the interaction between maternal
age group and gestational age at assessment. The like-
lihood ratio test was used to define the best multilevel
model comparing the base model to either the random

© 2021 International Society of Ultrasound in Obstetrics and Gynecology. Ultrasound Obstet Gynecol 2021; 58: 285–292.

 14690705, 2021, 2, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.23614 by <

Shibboleth>
-m

em
ber@

kcl.ac.uk, W
iley O

nline L
ibrary on [31/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Maternal age and cardiac function in pregnancy 287

intercept or random intercept and slope. The estimated
marginal means of each hemodynamic variable for each
maternal age group and gestational age combination are
presented.

The software program IBM SPSS Statistics 26 for
Windows (IBM Corp., Armonk, NY, USA) was used
for statistical analyses.

RESULTS

A total of 1918 women (99% of those approached)
agreed to participate in the study. After the first visit,
13 pregnancies were diagnosed with a fetal anomaly, and
16 resulted in subsequent miscarriage or termination due
to fetal abnormality. After further excluding women with
poor signals or missing pregnancy outcome and those
who withdrew their consent to participate in the study, a
total of 1789 women were followed up at the four visits
(Figure 1). From the total cohort, 100%, 88%, 87% and
86% of women attended Visits 1–4, respectively. The four
groups included 254 women in Group 1, 442 in Group 2,
618 in Group 3 and 475 in Group 4.

Maternal demographics and pregnancy outcome

The maternal demographic characteristics and pregnancy
outcome for the four maternal-age groups are presented in
Table 1. Compared with Group 1, women in Groups 2–4

were taller and less likely to be smokers or nulliparous,
whilst women in Groups 3 and 4 were at least twice
as likely to have conceived by assisted reproductive
techniques. Women in Group 4 were four times more
likely to have chronic hypertension or pre-existing
diabetes than those in Group 2, whilst women in Group 1
were five times and twice as likely to have asthma
compared to Groups 2 and 3, respectively. There was
no significant difference in maternal weight at booking
or racial origin amongst the four groups. Birth-weight
percentile in Groups 3 and 4 was significantly higher than

Women recruited
(n = 1918)

Women with longitudinal
maternal and fetal assessments

(n = 1789)

Excluded (n = 129):
 Poor signal (n = 22)
 Fetal anomaly (n = 13)
 Miscarriage/TOP (n = 16)
 Outcome missing (n = 16)
 Withdrawal from study (n = 62)

Figure 1 Flowchart of study recruitment. TOP, termination of
pregnancy.

Table 1 Demographic characteristics and pregnancy outcomes of the study population of 1789 pregnancies, according to maternal age

Variable

Group 1
(< 25.0 years)

(n = 254)

Group 2
(25.0–30.0 years)

(n = 442)

Group 3
(30.1–34.9 years)

(n = 618)

Group 4
(≥ 35.0 years)

(n = 475) P

Age (years) 22.8 (20.9–24.1) 27.7 (26.5–28.9)*** 32.4 (31.3–33.7)***†††‡‡‡ 37.0 (35.0–38.6)***††† < 0.0001
Height (cm) 163 ± 6.3 165 ± 6.6* 165 ± 6.6*** 165 ± 6.7* < 0.0001
Weight (kg) 67.6 (57.0–82.9) 69.0 (60.2–81.4) 67.0 (60.4–79.0) 68.4 (61.0–78.6) 0.293
Body mass index (kg/m2) 26.8 ± 6.5 26.6 ± 5.7 25.7 ± 4.9*† 26.5 ± 5.3 0.011
Body surface area (m2) 1.7 (1.6–1.9) 1.8 (1.6–1.9) 1.7 (1.6–1.9) 1.8 (1.7–1.9) 0.168
Smoker 34 (13.4) 35 (7.9)* 20 (3.2)***†† 7 (1.5)***††† < 0.0001
Racial origin 0.419

White 187 (73.6) 329 (74.4) 459 (74.3) 347 (73.1)
Black 36 (14.2) 73 (16.5) 92 (14.9) 76 (16.0)
South Asian 15 (5.9) 19 (4.3) 39 (6.3) 25 (5.3)
East Asian 3 (1.2) 9 (2.0) 12 (1.9) 16 (3.4)
Mixed 13 (5.1) 12 (2.7) 16 (2.6) 11 (2.3)

Nulliparous 181 (71.3) 235 (53.2)*** 317 (51.3)***‡‡ 200 (42.1)***†† < 0.0001
Parous < 0.0001

Previous PE or SGA 16 (6.3) 33 (7.5) 32 (5.2) 37 (7.8)
No previous PE or SGA 57 (22.4) 174 (39.4) 269 (43.5) 238 (50.1)

Conception by ART 0 (0) 2 (0.5) 14 (2.3)*†‡‡ 27 (5.7)***††† < 0.0001
Chronic hypertension 5 (2.0) 4 (0.9) 8 (1.3)‡‡ 20 (4.2)†† 0.001
Pre-existing diabetes 0 (0) 2 (0.5) 3 (0.5)‡ 9 (1.9)*† 0.012
Asthma 12 (4.7) 4 (0.9)** 12 (1.9)* 11 (2.3) 0.010
Gestational age at birth (weeks) 39.6 (38.7–40.6) 39.9 (38.9–40.7) 40.0 (39.0–41.0)*‡‡ 39.7 (38.9–40.6) 0.003
PE 7 (2.8) 14 (3.2) 18 (2.9) 14 (2.9) 0.991
Birth-weight percentile 38.6 (13.8–68.4) 43.1 (18.6–74.0) 49.5 (23.3–72.8)** 49.8 (22.6–76.1)** 0.011
Birth weight < 10th percentile 52 (20.5) 68 (15.4) 70 (11.3)*** 71 (14.9) 0.006
Birth weight > 90th percentile 16 (6.3) 41 (9.3) 61 (9.9) 46 (9.7) 0.386

Data are given as median (interquartile range), mean ± SD or n (%). Compared to Group 1: *P < 0.05; **P < 0.01; ***P < 0.001.
Compared to Group 2: †P < 0.05; ††P < 0.01; †††P < 0.0001. Compared to Group 4: ‡P < 0.05; ‡‡P < 0.01; ‡‡‡P < 0.0001. ART, assisted
reproductive technique; PE, pre-eclampsia; SGA, small-for-gestational age.

© 2021 International Society of Ultrasound in Obstetrics and Gynecology. Ultrasound Obstet Gynecol 2021; 58: 285–292.
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that in Group 1. The highest incidence of a SGA neonate
was in Group 1. There was no significant difference
between the groups in the incidence of PE.

Multilevel linear mixed-effects models

The fixed effects of the best multilevel models for log10CO,
log10PVR, HR, log10SV and log10MAP are shown in
Table 2, and the estimated marginal means are shown in

Table 3 and Figure 2. For log10CO, HR and log10PVR,
a random-intercept model provided a significantly better
fit to the data than did the base model or a random
intercept–random slope model based on the likelihood
radio test. There was no difference between the groups
in log10SV or log10MAP. Compared to an empty model
containing only random effects, the full model including
the fixed and random effects led to a reduction in
residual variance by 4.3%, 4.7%, 1.2%, 5.8% and 27.7%

Table 3 Estimated marginal means of antilog values for maternal cardiac parameters from multilevel linear mixed-effects models in the
study population at four visits throughout gestation, according to maternal age

Parameter Group 1 (< 25.0 years) Group 2 (25.0–30.0 years) Group 3 (30.1–34.9 years) Group 4 (≥ 35.0 years)

Cardiac output (L/min) at:
11–14 weeks 5.56

(5.38–5.75)
5.42

(5.25–5.58)*
5.22

(5.08–5.38)***††‡
5.12

(4.97–5.27)***†††
19–24 weeks 5.93

(5.74–6.14)
5.77

(5.59–5.94)*
5.57

(5.41–5.73)***††‡
5.45

(5.29–5.62)***†††
30–34 weeks 6.08

(5.87–6.29)
5.91

(5.72–6.09)*
5.71

(5.55–5.87)***††‡
5.59

(5.43–5.76)***†††
35–37 weeks 5.89

(5.69–6.09)
5.73

(5.55–5.92)*
5.53

(5.37–5.70)***††‡
5.42

(5.26–5.58)***†††
PVR (dynes × s/cm−5) at:

11–14 weeks 1233.11
(1193.99–1270.57)

1279.38
(1244.52–1315.23)*

1333.52
(1300.17–1367.73)***†††‡

1364.58
(1330.45–1402.81)***†††

19–24 weeks 1124.61
(1091.44–1161.45)

1169.50
(1137.63–1199.50)*

1218.99
(1188.50–1250.26)***†††‡

1247.38
(1216.19–1282.33)***†††

30–34 weeks 1091.44
(1059.25–1127.19)

1135.01
(1104.08–1164.13)*

1183.04
(1153.45–1213.39)***†††‡

1210.59
(1180.32–1255.51)***†††

35–37 weeks 1148.15
(1114.29–1185.77)

1193.98
(1161.45–1227.44)*

1244.52
(1213.39–1276.44)***†††‡

1273.50
(1241.65–1309.18)***†††

Heart rate (bpm) at:
11–14 weeks 88.6

(87.3–89.9)
85.2

(84.1–86.3)***
83.9

(82.8–84.9)***†‡‡
82.5

(81.4–83.6)***†††
19–24 weeks 91.7

(90.4–93.1)
88.4

(87.2–89.5)***
87.1

(85.9–88.1)***†‡‡
85.6

(84.5–86.7)***†††
30–34 weeks 96.3

(94.9–97.6)
92.8

(91.7–94.0)***
91.6

(90.5–92.6)***†‡‡
90.1

(89.0–91.2)***†††
35–37 weeks 96.1

(94.8–97.5)
92.7

(91.6–93.9)***
91.4

(90.4–92.5)***†‡‡
90.0

(88.9–91.1)***†††

Values in parentheses are 95% CI. Compared to Group 1: *P < 0.05; **P < 0.01; ***P < 0.001. Compared to Group 2: †P < 0.05;
††P < 0.01; †††P < 0.0001. Compared to Group 4: ‡P < 0.05; ‡‡P < 0.01; ‡‡‡P < 0.0001. PVR, peripheral vascular resistance.
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Figure 2 Linear mixed-effects model with estimated marginal means for maternal log10 cardiac output (a), log10 peripheral vascular
resistance (PVR) (b) and heart rate (c), after controlling for demographic characteristics, at four visits throughout gestation, according to
maternal age: Group 1, < 25.0 years ( ); Group 2, 25.0–30.0 years ( ); Group 3, 30.1–34.9 years ( ); Group 4, ≥ 35.0 years ( ).
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for log10CO, log10PVR, log10SV, log10MAP and HR,
respectively.

Maternal demographic characteristics and medical
history

Greater maternal weight at booking was associated with
higher log10CO, HR, log10SV and log10MAP, whilst
increasing height was associated with higher log10CO
and log10SV but lower HR, log10PVR and log10MAP
(Table 2). Black and South and East Asian women,
compared to white women, had lower log10CO and
log10SV but significantly higher log10PVR. Women of
black or South Asian racial origin had significantly higher
HR than did white women. Parous women, with or
without previous PE and/or SGA, compared to nulliparous
women, had significantly higher log10CO. Parous women
without previous PE and/or SGA had significantly higher
HR and lower log10PVR and log10MAP. Women who
developed GH had lower log10CO; however, there was
no significant contribution of PE or chronic hypertension
in the maternal hemodynamic models. There was a
significant contribution from the gestational-age window
for all the cardiac variables, but interactions between age
groups and gestational-age window were not significant.
Average cardiac measurements in the four groups at each
of the visits, according to whether the pregnancy had a
SGA neonate and/or a hypertensive disorder, are presented
in Table S1.

Hemodynamic changes over time after controlling
for maternal characteristics and outcomes

Log10CO in all four groups increased during the
first three visits and declined thereafter, with Group 1
demonstrating greater log10CO throughout gestation,
followed by Groups 2, 3 and 4 (Figure 2, Table 3).
Log10PVR demonstrated a linear decline in all four
groups from Visit 1 to Visit 3, followed by an increase
at Visit 4, with Group 4 demonstrating greater log10PVR
throughout gestation, followed by Groups 3, 2 and 1.
Similar to log10CO, HR in all four groups increased
from Visit 1 to Visit 3 but plateaued at the fourth visit.
Group 1 demonstrated significantly higher HR, followed
by Groups 2, 3 and 4, which is the same order as that
observed for log10CO.

DISCUSSION

Main findings

The main findings of this study are, first, maternal CO
decreases and PVR increases with increasing maternal age
and these differences persist throughout gestation, second,
the higher CO in younger women was achieved mainly
through an increase in HR without a concomitant rise in
SV, third, although the younger age group demonstrated
an apparently more favorable hemodynamic profile, they
had a higher incidence of a SGA neonate than did older

women, and, fourth, there were no significant differences
between the age groups in the incidence of PE.

In England, during 2019, the average age of mothers
was 30.7 years28. Historically, a maternal age of 35 years
was considered the cut-off for increased risk of the fetus
being affected by trisomy 2129. Additionally, fertility
declines most dramatically after 35 years of age30. This
formed the rationale for grouping our study population
into quartiles including the national mean and 35 years as
a cut-off defining older aged women.

Interpretation of results

Maternal cardiovascular adaptation in normal pregnancy
is associated with early vasodilatation leading to a
reduction in PVR and a state of vascular underfill.
This stimulates a primary increase in HR and a
secondary increase in plasma volume of over 50% by
the second trimester31 by retaining about 900 mmol
of sodium32. Renal adaptation involves an increase in
glomerular filtration rate and effective blood flow31.
Volume-regulating mechanisms, including pregnancy
hormones and the renin–angiotensin–aldosterone system,
also contribute to the rising plasma volume. Cardiac
preload increases during pregnancy and, due to this
‘physiological hypervolemia’, an increase in SV occurs
if the heart has normal diastolic and systolic function. On
the contrary, after the late second trimester, a minimal
increase in SV occurs, as blood volume remains relatively
unchanged and afterload increases33. Thereafter, HR
becomes the main determinant in offsetting the decrease
in cardiac preload and increases throughout pregnancy
to maintain optimal CO34–36. In our study, all groups
demonstrated the expected reduction in PVR and increase
in HR, SV and CO during pregnancy.

Outside of pregnancy, increasing age has a negative
impact on cardiac function, both at rest and in
response to exercise. Age-associated changes in cardiac
performance and vascular adaptation to endurance
exercise include reduced HR, reduced ejection fraction
and blunted vasodilator response, due to a reduction
in beta-adrenergic response20,37–39. This ‘cardiac aging’
could be overcome to an extent by chronic physical
activity and exercise40. However, the decline in left
ventricular relaxation and diastolic function cannot
be reversed by exercise41. Similarly, kidney function
decreases by 10% with every decade of increase in age,
with younger, compared to older, people having a greater
glomerular filtration rate and more effective renal plasma
flow42,43.

To our knowledge, this is the first study to examine the
effect of maternal age on longitudinal changes of maternal
hemodynamics and fetal growth during pregnancy.
Similar to a previous cross-sectional study, we observed
decreasing CO and increasing PVR with maternal age,
but no change in SV44. Although there were differences in
CO and PVR between groups, these were modest and not
associated with outcome. SV increased with gestation, but
there was no difference between groups despite possibly

© 2021 International Society of Ultrasound in Obstetrics and Gynecology. Ultrasound Obstet Gynecol 2021; 58: 285–292.
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better intrinsic myocardial function and lower PVR in
younger women. It is possible that, in younger women,
sodium excretion exceeds retention, causing a depletion in
an ‘effective circulating volume’, as represented by SV45.
Possible mechanisms include higher sodium loss from
the kidneys due to either a higher glomerular filtration
rate (as a result of greater vasodilatation and hence
lower PVR)46, or higher progesterone levels, a hormone
which triggers an increase in glomerular filtration rate
and sodium waste31,32. Furthermore, although younger
women are expected to have greater SV secondary to
better left ventricular filling and contractility, it may be
that the heart already operates in the upper flat part
of the Frank–Starling curve and, therefore, an increase
in preload is accompanied by only a small increase in
SV47. Indeed, it has been shown that plasma volume
expansion beyond 400 mL does not result in any further
increase in SV48. This suggests that the left ventricle has
a limit to its diastolic reserve capacity and end-diastolic
dimension.

Groups 1 and 2 had smaller babies. This cannot be
explained by maternal hemodynamics, as they had higher
CO and lower PVR compared to the other groups. This is
in agreement with in-vitro fertilization studies reporting
that, in women undergoing oocyte donation, despite being
older compared to women with natural conception, they
have lower uterine artery resistance and no difference in
SGA rate49.

The higher HR and smaller babies in the younger
women could be the result of greater use of beta-mimetics
or smoking, as we observed that women in Group 1 were
nine and two times more likely to be smokers or asthmatic
than women in Group 4, respectively.

Although Group 4 had a less favorable hemodynamic
profile, reflecting the gradual onset of cardiac and vascular
aging19,29,41,50, their outcomes were not worse than those
of younger women. This could be due to the interaction
between the greater prevalence of age-related medical
conditions, such as chronic hypertension and pre-existing
diabetes, as observed in our cohort, and higher
socioeconomic status51,52, leading to better antenatal care
and prudent health choices53,54. Although smoking and
asthma were adjusted for in our model, we cannot be
certain of the interplay of medical conditions, lifestyle,
nutrition and socioeconomic factors with pregnancy
outcome.

Strengths and limitations

Strengths of this study include the large sample
size, longitudinal hemodynamic assessment throughout
pregnancy and adjustment for variables that may influence
hemodynamics. A limitation of our study is the lack of
data on socioeconomic status, level of education and
health lifestyle of the women. Although our study cohort
consists of a general unselected obstetric population in
six maternity units across London, the heterogeneous
medical and social backgrounds of the younger vs older
women may balance against each other, accounting for

the unexpected similarities in pregnancy outcome across
age groups. Furthermore, this study was not powered to
address differences in primary maternal outcomes between
extreme age groups.

Conclusion

Younger women have the most favorable hemodynamic
profile during pregnancy but, despite this, they also have
the highest incidence of a SGA neonate.
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The following supporting information may be found in the online version of this article:

Table S1 Differences in cardiac variables in pregnancies with vs without a small-for-gestational-age neonate
and/or hypertensive disorder in pregnancy, according to maternal age
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