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ABSTRACT

Objectives We aimed to determine the effectiveness of
exercise training during pregnancy on peak oxygen uptake
(VOZpeak), cardiac function and flow-mediated dilatation
(FMD) of the brachial artery throughout pregnancy and
post partum in individuals with a prepregnancy body mass
index (BMI) 28 kg/m?.

Trial design Parallel-group randomised controlled trial
(RCT).

Methods The exercise group in the Exercise Training in
Pregnancy (ETIP) RCT was offered 3 weekly supervised
exercise sessions comprising 35 min of moderate-intensity
treadmill walking followed by 25 min of strength exercises.
The intervention started in gestational weeks 12—-18 and
continued throughout pregnancy. We measured \'/Ozpeak
and FMD at baseline, in gestational weeks 34-37 and

3 months post partum and offered echocardiography

in gestational weeks 14, 20, and 32, and 6-8 weeks
postpartum.

Results 0f the 91 participants included in ETIP, 87
participants (age: 31.3+4.2 years, BMI: 34.6+4.3kg/m?)
provided data on VOZpeak, cardiac function and/or FMD.
There was no statistically significant effect of exercise
training on VOQpeak in gestational weeks 34-37, with an
estimated effect of 1.7 mL/min/kg (95% Cl —0.4 t0 3.7,
p=0.112) or post partum (1.6 mL/min/kg, 95% Cl —0.2 to
3.4, p=0.079), compared with the control group. There
were no statistically significant between-group differences
in either FMD or any of the echocardiographic outcomes.
Only 50% of the participants in the exercise group fulfilled
our prespecified adherence criteria.

Conclusion Offering pregnant individuals with BMI
>28kg/m?, a supervised exercise intervention did not
improve cardiorespiratory fitness, cardiac function or FMD.
Trial registration number NCT01243554.

INTRODUCTION

Pregnancy is characterised by profound
haemodynamic adaptations of the maternal
cardiovascular system, including changes in
cardiac output, blood volume, systemic blood
pressure and systemic vascular resistance.'

.2 1dunn Pernille Vik,’
,2* Charlotte Bjérk Ingul @ '°

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Exercise training reduces the risk of cardiovascu-
lar diseases in non-pregnant individuals, through
exercise-induced improvements in cardiorespiratory
fitness, cardiac function and vascular function. The
effect of exercise on these measures in pregnant in-
dividuals has been less studied.

WHAT THIS STUDY ADDS

= In this randomised controlled trial involving pregnant
individuals with overweight/obesity, we demonstrat-
ed that regular exercise had little effect on peak oxy-
gen uptake, cardiac function or endothelial function.

= Our study showed that it was difficult for the par-
ticipants to adhere to regular exercise during
pregnancy.

= The cardiorespiratory fitness level was low among
our participants, and we uncovered signs of reduced
systolic and diastolic function in gestational week 32
and post partum.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The combination of low cardiorespiratory fitness and
high burden on the cardiovascular system during
pregnancy necessitates preventive strategies for
pregnant individuals with overweight/obesity.

= It is important to find strategies to improve adher-
ence to exercise in this population.

In some instances, the cardiovascular system
maladapts, leading to hypertensive disorders
of pregnancy. Higher body mass index (BMI)
during pregnancy is associated with increased
risk of cardiovascular rnaladaptation,2 other
pregnancy complications,” and cardiovas-
cular disease (CVD) morbidity and mortality.*
A systematic review of observational studies
with almost 29million participants demon-
strated that individuals with a broad spectrum
of pregnancy complications are at increased
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risk of future CVD.” As such, pregnancy is a critical period
for CVD prevention.

Exercise training is a firstline therapy that reduces
CVD risk by beneficial effects on cardiorespiratory
fitness, cardiac function and vascular outcomes such as
endothelial-dependent ~ dilatation.®  Exercise-induced
cardioprotective effects are mediated by multiple
mechanisms, with the greatest benefits attributed to
improvements in cardiorespiratory fitness.” A system-
atic review and meta-analysis from 2020 concluded that
exercise interventions in pregnancy have a significant
and clinically meaningful effect on maximal oxygen
uptake (VOQmax), which is the gold-standard measure-
ment of cardiorespiratory fitness.” However, all but one
study included in the meta-analysis used protocols that
predicted rather than measured VOQmax. In addition to
improving fitness, aerobic exercise training and concur-
rent aerobic and resistance training increase endothelial
function measured as flow-mediated dilatation (FMD) of
the brachial artery in non-pregnant individuals with over-
weight or obesity and in those with type 2 diabetes.®’ We
have only found two randomised controlled trials (RCTs)
investigating the effects of exercise training on FMD in
pregnant individuals."’ "' One study found that FMD
increased after exercise training,'' whereas the other
reported no difference in FMD."” None of these prior
studies focused on participants with high BMI.

Obesity in pregnancy is associated with increased left
ventricular (LV) mass, diastolic dysfunction and impaired
maternal haemodynamic adaptations.' In non-pregnant
individuals, aerobic exercise training induces cardiac
adaptations, including improvement in diastolic LV func-
tion and increased stroke volume (SV). However, studies
on the effect of exercise training during pregnancy show
unclear effects on maternal cardiac outcomes.'” '* No
prior RCT has determined the effect of exercise training
on echocardiographic outcomes in pregnant individuals
with obesity. The Exercise Training in Pregnancy (ETIP)
trial was an RCT that investigated exercise training
during pregnancy for individuals with BMI of >28kg/
m® The intervention had no effect on gestational weight
gain (primary outcome) but reduced the incidence of
gestational diabetes, lowered systolic blood pressure in
late pregnancy and decreased circulating insulin concen-
trations 3 months post partum.'” '® This is a secondary
analysis of data from the ETIP trial on cardiovascular
outcomes, including V02peak and other exercise testing-
related outcomes, cardiac function and FMD of the
brachial artery throughout pregnancy and post partum.
We hypothesised that exercise training would improve
these cardiovascular measurements, compared with the
control group.

METHODS

Trial design, randomisation and blinding

ETIP was a single-centre, parallel-group RCT, in which
participants were randomly allocated (1:1) to an exer-
cise intervention group or control group. Results have

been published previously.'”*’ Details about the method
used to generate the random allocation sequence and
on blocking are also reported in the main manuscript
from the trial."” Analyses of echocardiography record-
ings and FMD data were undertaken by personnel
blinded for group allocation. The researchers who
measured VOQpeak were not blinded for group alloca-
tion.

Participants

We included pregnant individuals who were >18 years,
with a selfreported prepregnancy BMI 228kg/m2, in
gestational weeks 12-18, carrying a singleton live fetus.
The participants had to live in the Trondheim area
and be able to attend assessments and supervised exer-
cise sessions at St. Olavs Hospital. We did not include
individuals with a high risk of preterm birth, diseases
that could interfere with participation and those who
reported exercising twice weekly or more in the period
before inclusion. We made some changes to the eligi-
bility criteria after trial commencement, as previously
described.'” The participants signed written informed
consents and could withdraw from the trial at any time
without giving a reason. In secondary analyses included
in this paper, we included participants with data from at
least one exercise test, endothelial function assessment
and/or echocardiography.

Intervention

Participants in both groups received standard maternity
and postpartum care, free of charge. The participants
in the exercise group were offered 3weekly super-
vised exercise sessions from inclusion in the study until
delivery. The exercise programme was designed in
accordance with the recommendations for exercise in
pregnancy from the American College of Obstetricians
and Gynaecologists.”> A detailed description of the
exercise programme has been published previously."” **
The exercise sessions consisted of 35min of moderate-
intensity treadmill walking, followed by 25 min of strength
exercises. The intensity during the aerobic part was set at
approximately 80% of maximal aerobic capacity, corre-
sponding to perceived exertion of 12-15 on the 6-20
Borg scale.® Additionally, the participants were encour-
aged to exercise at home at least once weekly, using
the same programme as at the supervised sessions. We
registered adherence to the exercise intervention in a
training diary. Our prespecified criteria for adherence,
and thus inclusion in per-protocol analyses for the trial,
were either 242 supervised exercise sessions, >28 super-
vised exercise sessions +>28 home-based exercise sessions
or >60 home-based exercise sessions.”* All participants in
the trial received a booklet about healthy diet and phys-
ical activity during pregnancy. We did not discourage
participants in the control group from physical activity or
exercise training.
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Outcomes

Peak oxygen uptake and other exercise test outcomes

At baseline (in gestational weeks 12-18), in late preg-
nancy (gestational weeks 34-37) and 3 months post
partum, the participants completed a multistage exercise
test with measurements of expired gases (Oxycon Pro,
Jaeger, Germany). We measured heart rate using heart
rate monitors (Polar, Finland) throughout the test. A
standard test began with 2-3min warm-up, followed by
walking at 4.5 km/hour at 0% inclination for 4min. The
inclination was elevated 3% at each of the following 4 min
stages until the participant reported to be exhausted,
the heart rate exceeded 185 beats/min or if systolic and
diastolic blood pressure exceeded 200 and 100mm Hg,
respectively. For some participants, we had to modify the
test protocol as they were unable to walk at 4.5km/hour.
Between stages, the participants stood on the sides of the
treadmill for measurements of blood pressure and lactate
(using finger-pricks). The participants also reported
their subjective ratings of perceived exertion after each
stage on the Borg 6-20 scale.” Here, we report the
lactate concentrations and perceived exertion at the end
of the exercise test. We calculated peak oxygen uptake
(VOQpeak) as the highest consecutive 30s measured and
report absolute (L/min) and relative values (mL/kg/
min). The highest heart rate recorded during the test is
an estimate of heart rate maximum.** As an estimate of
SV response to exercise, we calculated the peak oxygen
pulse (O, pulse) by dividing absolute VO2peak by heart
rate maximum and report this as mL/ beat.”

Cardiac function

An echocardiogram specialist (CBI) measured maternal
cardiac function in a subset of participants (n=53),
all with prepregnancy BMI >30kg/m®, in gestational
weeks 14, 20, and 32, and 6-8 weeks post partum. At
these time points, we performed a standardised resting
echocardiography.®® For these measurements, we used
a Vivid E9 scanner (GE Vingmed Ultrasound, Norway)
with a phased-array transducer. Three cine loops from
the parasternal view and three standard apical planes
(four-chamber, two-chamber and long-axis) were simul-
taneously recorded in B-mode and tissue Doppler mode.
We obtained conventional Doppler flow parameters and
tissue Doppler imaging with pulsed tissue Doppler in the
atrioventricular plan (a mean of septal, lateral, inferior
and anterior tissue Doppler velocities). Global longi-
tudinal strain and strain rate were performed using a
speckle tracking method for left and right ventricle (free
wall).”” We used a customised postprocessing system
(GcMat, GE Vingmed, Norway) for automated identifica-
tion of myocardial segments and analysis.

FMD of the brachial artery

We measured endothelial function (FMD) in a subset
of participants (n=36), at baseline, in gestational weeks
34-37 and 3 months post partum. Participants had fasted
overnight, abstained from exercise for >24hours, and

from caffeine and smoking for >10hours. They rested
for 10min before the measurements. We used a Vivid 7
scanner (GE Vingmed Ultrasound, Norway) with a 12
MHz Doppler probe. One operator (KKG) obtained all
the ultrasound recordings. The ultrasound probe was
placed on the upper arm, perpendicular to the brachial
artery. We obtained continuous recordings of the baseline
diameter of the brachial artery for 1 min before inflating a
pneumatic cuff (300mm Hg) for 5min. We recorded the
brachial artery diameter for 3min after deflation of the
cuff. We did not include shear rate data in these measure-
ments since we experienced technical difficulties with
saving the Doppler velocity assessments. We used an auto-
mated edge-detection and wall-tracking software (Brachial
Analyzer V.5.9.0, Medical Imaging Application, USA) for
diameter analysis. We report average baseline brachial
artery diameter (before cuff inflation), peak postocclu-
sion diameter, absolute FMD (in mm) and the percentage
change in brachial artery diameter from baseline to peak
diameter induced by reactive hyperaemia (FMD%).
FMD% was calculated as (peak postocclusion diameter
minus baseline diameter) /baseline diameterx100.

Statistical analysis

We calculated the sample size for the ETIP trial based on
the trial’s primary outcome: gestational weight gain from
baseline to delivery.” In this calculation, we used a 6kg
difference in weight as a clinically relevant difference, a
5% level of significance and 90% statistical power. For
an independent samples t-test, we would need 59 partic-
ipants in each group. With an estimated drop-out rate of
15%, we aimed to include at least 150 participants. We
have not conducted a separate power calculation for the
outcomes included in this paper as they were secondary
outcomes in the trial.

We have analysed all obtained datairrespective of adher-
ence to the intervention and completeness of outcome
measures. To determine the effect of the intervention
on the outcomes, we have used linear mixed models that
included time and groupxtime interactions at each time
point as fixed effect variables and subject (participant
ID) as a random factor, as recommended by Twisk et al.*®
We expected no systematic differences between groups at
baseline due to the randomised design. We report the esti-
mated effect of exercise compared with the control group
with corresponding 95% CIs and p values. To assess the
distribution of data, we visually inspected Q-Q plots for
the residuals of each outcome measure and performed
bootstrapping with 3000 samples and bias-corrected and
accelerated Cls in cases of non-normal model residuals.
We report the effect of time as the estimated effect in the
control group over time. Due to the multiple outcome
measures, we considered p values <0.01 as statistically
significant. We used IBM SPSS Statistics V.29.0.1.0 for all
statistical analyses.

Patient and public involvement
The participants were not involved in the study design,
conduct or dissemination of study outcomes.
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Table 1 Baseline characteristics for the participants, according to group

Control (n=43) Exercise (n=44)
Age, years 31.3 (4.7) 31.4 (3.7)
Weight, kg 98.7 (14.1) 95.5 (13.1)
Body mass index, kg/m? 35.2 (4.6) 34.0 (3.8)
Systolic blood pressure, mm Hg 124.2 (10.4) 124.4 (14.7)
Diastolic blood pressure, mm Hg 75.9 (8.0) 75.9 (9.1)
Current smoking, number (%) 5(12%) 4 (9%)

Data are for participants from the Exercise Training in Pregnancy trial who had at least one measurement of peak oxygen uptake, endothelial
function and/or echocardiology variables, as average with SD if not otherwise indicated.

RESULTS

Participants and adherence

Recruitment and follow-up were undertaken between
September 2010 and March 2015. Table 1 shows the
baseline characteristics of the participants. We termi-
nated the trial when we had included 91 participants
due to difficulties with recruitment within the project
period. Of the 91 participants originally to the control
and exercise groups, 87 had data on \'/Ozpeak, cardiac
function and/or endothelial function from at least one
time point (figure 1). Only 50% of the participants in
the exercise group fulfilled the prespecified adherence
criteria. The heart rate during the endurance exercise
training was 150 beats/min (SD 13), corresponding to
85% (SD 8) of their heart rate maximum at the initial

exercise test. Their rating of perceived exertion was 14.8
(SD 1.2) on the 6-20 Borg scale. There were no adverse
events reported during the exercise training or study
assessments.

Peak oxygen uptake and other exercise test outcomes

Of the 91 participants originally allocated to the control
and exercise groups, 79 participants completed the exer-
cise testing at baseline (figure 1). Four participants in the
control group and two in the exercise group were unable
to undertake the exercise testing at baseline. In late
pregnancy, 19 participants in the control group and 15
participants in the exercise group were unable to under-
take exercise testing due to bodily problems (figure 1).
The most common reason was pelvic or low-back pain.

‘ Assessed for eligibility (n = 136) ‘

Excluded (n = 45)

Not meeting inclusion criteria (n = 25)
Declined to participate (n = 12)
Abortion (n = 8)

Randomised (N = 91)

Follow-up & Analysis

No data (n=7) 2
Withdrawn (n = 3)

Gestational week 12-18 Unable (n = 4)

Gestational week 14

Control (n = 45) allocation Exercise (n = 46)
Received allocated intervention (n = 45) Received allocated intervention (n = 46)
No data (n = 5)
VO,peak (n = 38) VO,peak (n = 41) Withdrawn (n = 3)
[ #MD (n = 18) [-——--{ Random sub-set |---—-— [ FmD (n=13) | dida(m=2)
L2 v
popetalln _71) Cardiac function (n = 27) }» fffff { Sub-set } fffff { Cardiac function (n = 26) ‘
No-show (n =1)
No data (n = 4)

No data (n = 6)
Withdrawn (n = 2)
No-show (n = 4)

Gestational week 20

No data (n =3)
Withdrawn (n = 2)
No-show (n = 1)

Gestational week 32

No data (n = 28)
Withdrawn (n = 9) VO,peak (n =17)
Gestational week 34-37

Unable (n = 19)
Techmical prob w0 =17 |
Technical problem (n =1)
No data (n=9)
6-8 weeks postpartum Withdrawn (n = 3) Cardiac function (n = 19)

No-show (n = 6)

No data (n = 18)
Withdrawn (n = 11)
Unable (n=7)

No data (n =2)
Technical problem (n = 2)

VO,peak (n = 27)
3 months postpartum

R

Figure 1

Cardiac function (n = 22)

Cardiac function (n = 25)

Cardiac function (n = 22)

Withdrawn (n = 1)
No-show (n = 3)

No data (n =3)
Withdrawn (n = 1)
No-show (n = 2)

Cardiac function (n = 23)

No data (n = 23)
Withdrawn (n = 8)
Unable (n = 15)

VO,peak (n = 23)

No data (n = 8)
Cardiac function (n = 18) Withdrawn (n = 3)

No-show (n = 5)

No data (n = 17)
Withdrawn (n = 10)
Unable (n=7)

No data (n=2)
Technical problem (n = 2)

VO,peak (n = 29)

Flow chart of participants included in the analyses. The number of participants who was included in each

assessment throughout pregnancy and postpartum. The number of withdrawn participants at each time point is accumulated.
The subset of participants included in the cardiac function assessments consisted of those with body mass index >30 kg/m2
who were included in the trial before gestational week 14. FMD, flow-mediated dilatation; VOZpeak, peak oxygen uptake.
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In early pregnancy, three participants in each group had
to terminate the test before fatigue due to bodily prob-
lems other than exhaustion. Corresponding numbers in
late pregnancy were three in the control group and four
in the exercise group. We also had to modify the speed
in the tests for some participants as they were unable to
keep 4.5km/hour.

There were no statistically significant between-
group differences in Vngeak, body weight, heart rate
maximum, heart rate recovery, O2 pulse, lactate concen-
trations at the end of the test or rate of perceived exertion
(table 2). Relative VOQpeak declined by 4.9 mL/kg/min
(95%CI 3.3 to 6.6) in late pregnancy, compared with
early pregnancy (significant effect of time in the control
group, p<0.001) (online supplemental table 1), with an
estimated 1.7mL/kg/min (95%CI -04 to 3.7) lower
decline in the exercise group (p=0.112, figure 2). Three
months post partum, relative V02peak was not statisti-
cally different than in early pregnancy (estimated effect
of time in the control group: 1.1 mL/kg/min, 95% CI
-0.2 to 2.5, p=0.091) (online supplemental table 1). Post
partum, the change in the exercise group was 1.6mL/
kg/min (95% CI -0.4 to 3.7) greater than in the control
group (p=0.079). Absolute VOQpeak declined from early
to late pregnancy in the control group (estimated differ-
ence —0.3L/min, 95% CI -0.4 to 0.1, p=0.002) (online
supplemental table 1), with no between-group differ-
ences (table 2). There were no statistically significant
effects of time on body weight, heart rate maximum,
heart rate recovery, O, pulse, lactate concentrations at
the end of the test or rate of perceived exertion (online
supplemental table 1).

Cardiac function

The exercise intervention had no statistically significant
effects on any of the echocardiographic variables (table 3),
but some of the variables changed with progressing preg-
nancy and/or post partum (figure 3). The following
results refer to the effect of time in the control group and
should be interpreted as estimated changes that occurred
over time in both groups, as there were no statistically
significant between-group differences. Online supple-
mental table 2 shows the estimated main effect of time.
Resting heart rate increased significantly in gestational
week 32, compared with gestational week 14 (estimated
effect 7.3 beats/min, 95% CI 3.1 to 11.5, p<0.001). At the
same time point, SV index (SVI), which is SV corrected
for body surface area, declined significantly, with an esti-
mated difference of -4.1 mL/m” (95% CI -7.3 to -1.0,
p=0.009). There was also a tendency of reduced SV at 32
weeks gestation, compared with at 14 weeks (-8.4mL,
95% CI -15.0 to —1.8, p=0.013). There were also other
signs of reduced systolic and diastolic function in gesta-
tional week 32, including reduced left ventricular outflow
tract velocity time integral (LVOT VTI, estimated effect,
-3.4cm, 95%CI -4.9 to -1.8, p<0.001), reduced early
diastolic velocity (E wave) at the mitral valve (E, esti-
mated effect, -0.1m/s, 95% CI -0.1 to -0.02, p=0.008)

and reduced septal and lateral early mitral inflow tissue
velocity (e’, estimated effect, —-1.5cm/s, 95% CI -2.5 to
-0.5, p=0.004). Postpartum, peak systolic tissue velocity
(S’) declined significantly, compared with gestational
week 14, with an estimated effect of time of -1.0cm/s
(95%CI -1.6 to —0.4, p=0.003). Additionally, there was
a tendency of reduced e’ also post partum (estimated
effect, -1.2cm/s, 95% CI -2.3 to -0.1, p=0.040).

Endothelial function

There were no significant between-group differences in
any of the endothelial function variables in late preg-
nancy or post partum (table 2). Basal brachial artery
diameter increased by 0.3mm (95%CI 0.1 to 0.5) in
late pregnancy, compared with early pregnancy (signifi-
cant effect of time in the control group, p<0.001), and
did not differ significantly from early-pregnancy levels
3 months post partum (estimated difference 0.1 mm,
95% CI -0.1 to 0.3, p=0.258) (online supplemental table
1). Peak post-hyperaemia diameter increased from early
to late pregnancy (estimated difference 0.3 mm, 95% CI
0.1 to 0.5, p=0.002). There was no statistically significant
effect of time for absolute FMD or FMD% (online supple-
mental table 1).

DISCUSSION

We observed no statistically significant effects of an
exercise intervention on VOQpeak, cardiac function, or
FMD in pregnant individuals with BMI >28 kg/m”. These
findings may be explained by the low adherence to the
exercise programme. There were effects of time for
several outcome measures, indicating that progressing
pregnancy affected these outcome measures in both the
exercise and control groups. Cardiorespiratory fitness,
both relative to body mass and absolute, declined between
early and late pregnancy, whereas brachial artery diam-
eter, both basal and post-hyperaemia, increased in this
interval. In gestational week 32, there were several indi-
cations of reduced LV systolic and diastolic function, as a
sign of a large load on the cardiovascular system.

The estimated effect of the exercise intervention on
V02peak in our trial was 1.7mL/kg/min in late preg-
nancy (gestational weeks 34-37). This increase is below
what is observed in some other trials. A meta-analysis of
exercise intervention RCTs with assessments of cardio-
respiratory fitness (VOQmax, submaximal V02 or V02
at anaerobic threshold) concluded that exercise inter-
ventions in pregnancy increased maternal predicted/
measured VO2max (mean difference 2.77mL/kg/
min, 95% CI 0.32 to 5.21), compared with a no-exercise
control group.” The main reasons for the non-significant
between-group difference in our study can be the low
adherence to the exercise programme and low statistical
power due to the low number of participants who were
able to complete the exercise testing in late pregnancy.

There are relatively few prior RCTs that have investigated
the effect of exercise interventions on cardiorespira-
tory fitness in pregnant individuals with overweight/
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obesity.**' Consistent with our findings, an RCT from
New Zealand showed no improvement in (submaximal)
VOQpeak after a moderate-intensity exercise interven-
tion comprising 67 prescribed sessions of stationary bike
cycling.”! However, in the LiP (Lifestyle in Pregnancy)
study from Denmark, the lifestyle intervention margin-
ally increased fitness, compared with the control group.*
Santos et al”’ reported significantly increased \./O2 at the
anaerobic threshold (+2.68 mL/kg/min) after a 12-week
supervised exercise intervention similar to the one in our
study among pregnant individuals with prepregnancy
BMI 25-30kg/m® As in the ETIP study, the adherence
rates in the mentioned prior RCTs were low.*' How to
encourage pregnant individuals to participate in exercise
training remains a challenge. Since prepregnancy phys-
ical activityis an important determinant of physical activity
during pregnancy, we argue that lifestyle interventions
should be initiated before pregnancy in individuals at
risk of adverse pregnancy outcomes to improve maternal
and offspring health.” This is why we have initiated the
BEFORE THE BEGINNING trial, in which we will deter-
mine the effects of a preconception lifestyle intervention
on maternal and offspring cardiovascular and metabolic
health.*

The cardiovascular system adapts to the metabolic
needs of the mother and fetus during pregnancy. Preg-
nancy induces peripheral vasodilation, which normally
leads to a 25%-30% fall in systemic vascular resistance,”
and to compensate for this, cardiac output increases
up to 50% during pregnancy.” The increased cardiac
output in pregnancy is achieved via an increase in
both SV and heart rate.”” However, in our participants
with obesity, we found an increase in heart rate during
pregnancy, but tendencies of reduced systolic function,
including reduced SVI and LVOT VTI. We also observed
a reduction in diastolic function (e’) in gestational week
32, which is in line with previous findings.*® * These

characteristics may render pregnant individuals with
obesity more susceptible to develop hypertensive disor-
ders of pregnancy and help explain the high prevalence
of such disorders in this population.”® Reduced systolic
function has also been reported during normal preg-
nancy in healthy (lean) people.” Thus far, few studies
have compared changes in cardiac function in pregnancy
in those with obesity versus healthy weight. Two studies
have described cardiac maladaptations in pregnant
people with obesity, with significant LV hypertrophy and
diastolic dysfunction and impaired deformation (strain
and strain rate), compared with lean pregnant individ-
uals.”® * Haemodynamic resolution normally occurs post
partum.” However, we observed a tendency of diastolic
dysfunction (reduced e’) still evident 6-8 weeks post
partum. Others have also reported an increased risk of
persistent subclinical myocardial dysfunction in pregnant
individuals 6-10 weeks post partum.* Since both obesity
and diastolic dysfunction increase the risk of heart failure
with preserved ejection fraction, these individuals should
be followed up also postpartum to prevent CVD.

We found no improvement in FMD after ETIP. This
finding is in line with one previous study,'’ but in contrast
to another.'’ In both previous studies, the researchers
included participants without any criterion for prepreg-
nancy BMI. We observed no indication of increased FMD
from early to late pregnancy, but significantly greater
basal brachial artery diameter in late pregnancy. Previous
research indicates that both FMD and basal brachial
artery diameter increase throughout a healthy preg-
nancy.*' Our results indicate that individuals with obesity
have a maladaptive vascular response to pregnancy, which
is consistent with previous findings.*

Strengths and limitations of the study

A strength of this RCT is the comprehensive assess-
ments of cardiorespiratory fitness, cardiac function and
endothelial function throughout pregnancy and post
partum in individuals with overweight/obesity. Our study
adds evidence to the scarce knowledge about how exer-
cise training may impact cardiac function throughout
pregnancy and post partum. Few previous studies have
investigated the effect of exercise training on cardio-
respiratory fitness among pregnant individuals with
overweight/obesity. There are some limitations of our
study. We were unable to undertake the exercise testing
blinded for group allocation. The tests at baseline were
conducted before allocation to group, but the researchers
who undertook the tests in late pregnancy could have
been influenced by their knowledge of the participant’s
group allocation. Another limitation is the large number
of participants who were unable to complete the exercise
testing, particularly in late pregnancy. Additionally, we
were unable to include shear rate data in the endothe-
lial function measurements due to technical difficulties.
Furthermore, the findings reported here are secondary
outcomes for which we did not calculate statistical power
for the analyses.
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Figure 3 Cardiac function variables in gestational week
(GW) 14, GW 20, GW 32 and 6-8 weeks post partum (6-8
weeks PP), according to group. Data are observed values,
with symbols representing average per group and bars
representing SD. (a) resting heart rate, (b) end-diastolic
volume, (c) end-systolic volume, (d) stroke volume corrected
for body surface area (indexed), (e) left ventricular outflow
tract velocity time integral (LVOT VTI), (f) left ventricular peak
systolic velocity (S’), (g) early diastolic velocity (E wave) at the
mitral valve, (h) left ventricular septal and lateral early mitral
inflow tissue velocity (e’). *Significant (p<0.01) effect of time
in the control group.

Clinical implications

Our results suggest a need for alternative or additional
interventions to improve long-term cardiovascular health
in pregnant individuals with overweight/obesity. In clin-
ical practice, it will be important to find strategies to
enhance participant motivation and address barriers to
exercise participation. Future studies and clinical prac-
tice could benefit from increased patient and public
involvement to codesign physical activity interventions
for pregnant individuals.” To recruit peers acting as
trainers from local communities can also be effective in
helping people manage their weight and change their
health-related behaviour.** We strongly believe that guid-
ance about physical activity deserves a prominent place
in the clinical care of pregnant individuals. Our find-
ings show that the participants in the ETIP trial had low
cardiorespiratory fitness and signs of cardiac dysfunction.

Open access

The signs of cardiac dysfunction post partum call for
further clinical follow-up.

In our trial, the average VOQpeak was ~27mL/kg/min
3 months post partum, which is below the 5 percentile
lower limit of normal (LLN) for females aged 20-29
(LLN=30.4mL/kg/min) and for females aged 30-39
(LNN=28.6mL/kg/min) in a Norwegian reference
material.” In fact, the cardiorespiratory fitness level of
our participants was similar to the average VOQpeak of
Norwegian females aged 70 or above.* In line with our
findings, Vinter et a’ reported that the majority of the
participants in the LiP study had very low fitness. Such
poor cardiorespiratory fitness levels in pregnant and
postpartum individuals are associated with a markedly
increased risk of type 2 diabetes and CVD and call for
prevention efforts. Not only are pregnancy complications
associated with increased CVD risk later in life, but low
cardiorespiratory fitness in young adulthood is associated
with increased risk of both CVD and type 2 diabetes.*
Indeed, the association between hypertensive disor-
ders of pregnancy and future CVD may, at least partly,
be mediated by poor cardiorespiratory fitness.”” Even
if the intervention did not influence the cardiovascular
outcomes we report here, our previously published data
from the ETIP trial showed that the exercise interven-
tion induced other health benefits, including reduced
incidence of gestational diabetes, lower systolic blood
pressure in late pregnancy and lower circulating insulin
concentrations 3 months after delivery.' '°

CONCLUSION

There were no statistically significant effects on cardio-
respiratory fitness, cardiac function or FMD of offering
pregnant individuals with BMI >28kg/m* a supervised
exercise intervention. The combination of low cardiore-
spiratory fitness and a high burden on the cardiovascular
system, with reduced cardiac function at 32 weeks
gestation, calls for cardiovascular prevention in this
population. There is a need for strategies to improve
adherence to exercise and clinical effectiveness of life-
style interventions in pregnant people with obesity.
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