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English summary

Physical activity during pregnancy is widely recognised as a beneficial and safe lifestyle component
among healthy women with uncomplicated pregnancies. Danish and international recommendations
prescribe moderate-intensity physical activity for 210 and 150 minutes per week, respectively,
throughout pregnancy for all pregnant women with uncomplicated pregnancies. Nevertheless, the
high prevalence of inadequate physical activity during pregnancy (as well as in general) is a global
health challenge. Therefore, the effectiveness of different physical activity intervention strategies
should be compared to clarify how pregnant women can most effectively increase their physical
activity levels and improve health of themselves and their offspring.

The focus of this PhD is effectiveness and processes of interventions on physical activity during
pregnancy to support the understanding of implementing physical activity in pregnant women’s
everyday lives. The main objective of the PhD thesis was to investigate the effects of offering two
different physical activity interventions to healthy inactive pregnant women on physical activity level
and to explore the implementation and mechanisms of impact. The three-arm randomised controlled
trial, FitMum, forms the basis of the thesis and the three papers; a description of the two physical
activity interventions (Paper 1), an interpretation of the effects of the physical activity interventions
on physical activity level (Paper 2), and a process evaluation of the physical activity interventions in
a mixed methods design (Paper 3).

The FitMum study was conducted from 2018 to 2021. Overall, 219 pregnant women were randomised
to one of three groups; structured supervised exercise training (EXE) offered three times per week
throughout pregnancy (n=87), motivational counselling on physical activity (MOT) offered in four
individual and three group counselling sessions during pregnancy (n=87), or a control group (CON)
receiving standard care (n=45) (Paper 1).

In Paper 2, the effects of the two physical activity interventions on moderate-to-vigorous intensity
physical activity and complimentary physical activity outcomes were investigated and compared to
standard care. Physical activity was continuously measured throughout pregnancy by a commercial
wrist-worn activity tracker. Overall, it was found that pregnant women who were offered EXE were
more physically active at moderate-to-vigorous intensity than those who were offered CON. No
differences in moderate-to-vigorous intensity physical activity were found between EXE and MOT
nor between pregnant women who were offered MOT or CON. However, participants who were
offered MOT perceived themselves physically active at a higher intensity than participants who were

offered EXE. Further, moderate-to-vigorous intensity physical activity was maintained at the same

PhD thesis, page 9



level throughout pregnancy in all three groups. Moderate-to-vigorous intensity physical activity was
positively associated with the number of exercise sessions attended in EXE, yet participants attended
in half of the recommended sessions. Attendance increased with the onset of COVID-19 and the
unintended alteration of the interventions into online setups. However, participants did not increase
their physical activity. EXE and MOT contained several interacting components. This complexity
will underlie the entire thesis.

Paper 3 contains a mixed methods process evaluation of the two physical activity interventions in the
FitMum study. The Medical Research Council framework for process evaluations were applied and
it was revealed that participants enrolled in FitMum were educated and had high everyday life
autonomy. The interventions were well delivered with high fidelity in physical and online
interventions. The low attendance rate in EXE might be explained by the fact that participation was
more feasible for participants with high everyday life flexibility even though the intervention
accessibility was high. Participants in EXE and MOT had opposing views of physical activity.
Participants who were offered EXE primarily perceived themselves physically active when they
attended an exercise session with a certain level of intensity. In contrast, participants who were
offered MOT recognised daily activities, including those with lower intensity, as sufficient activity.
Participants who were offered MOT perceived themselves more vigorously active than what was
objectively measured, which might be caused by the intense physical activity attention during
intervention.

In conclusion, findings from this PhD thesis and the papers show that it is possible for pregnant
women to increase their physical activity level when they are offered EXE. However, the
intervention is intense and challenging to adhere to. Due to the complexity, it does not appear that
one single strategy or component is sufficient for pregnant women to implement the recommended
physical activity into their everyday life. Based on the most effective intervention in the FitMum
study (EXE), a combination of physical attendance and frequent home-based, online exercise
sessions might increase the attendance rate and the physical activity among pregnant women in a

future perspective.
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Dansk resume

Alle gravide kvinder med ukomplicerede graviditeter anbefales af danske og internationale
myndigheder at veere fysisk aktive ved moderat intensitet i henholdsvis 210 og 150 minutter om ugen
under hele graviditeten. Ikke desto mindre udger et lavt fysisk aktivitetsniveau under graviditet (og
generelt) en global sundhedsudfordring. Derfor ber effektiviteten af forskellige
interventionsstrategier for fysisk aktivitet undersgges for at klarleegge, hvordan gravide kvinder mest
effektivt kan gge deres fysiske aktivitetsniveau og forbedre sundheden.

Denne ph.d.-afhandling fokuserer pa interventioner, der adresserer fysisk aktivitet i graviditeten.
Afhandlingen omhandler bade interventionernes effekt, og processuelle forhold, der kan forklare en
mulig effekt, samt bidrage med viden om forhold, der har betydning for eventuelt fremtidig
implementering. Der er fokus pa hvem, interventionerne nar, hvordan de virker, og om de virker.
Hovedformalet med ph.d.-afhandlingen var at undersgge effekter af to forskellige fysisk
aktivitetsinterventioner til raske, inaktive gravide kvinder ved at male pa kvindernes fysiske
aktivitetsniveau. Derudover var malet at undersgge implementering og virkningsmekanismer bag
effekterne. Et tre-armet randomiseret kontrolleret forsgg, FitMum, danner grundlag for afhandlingen
og de tre artikler; en beskrivelse af to komplekse fysiske aktivitetsinterventioner (Artikel 1), en
undersggelse af interventioners effekt pa det fysiske aktivitetsniveau (Artikel 2) og en
procesevaluering af interventionerne i et mixed methods design (Artikel 3).

FitMum blev gennemfart fra 2018 til 2021. Samlet set blev 219 gravide kvinder randomiseret til én
af tre grupper; struktureret superviseret holdtraening, der blev tilbudt tre gange om ugen under hele
graviditeten (n=87), motiverende vejledning om fysisk aktivitet, der blev tilbudt i fire individuelle og
tre gruppesessioner i lgbet af graviditeten (n=87), eller en kontrolgruppe, der modtog standard
svangreomsorg (n=45) (Artikel 1).

| Artikel 2 blev effekterne af de to interventioner pa fysisk aktivitet ved moderat til hgj intensitet samt
supplerende fysiske aktivitetseffekter undersggt og sammenlignet med standard svangreomsorg.
Fysisk aktivitet blev lgbende malt under hele graviditeten ved hjelp af en kommerciel handledsharet
aktivitetsmaler. Kvinderne, der blev tilbudt holdtraening, var mere fysisk aktive ved moderat til hgj
intensitet end de kvinder, der blev tilbudt standard svangreomsorg. Der blev ikke fundet nogen
forskelle i fysisk aktivitet ved moderat til hgj intensitet mellem de to interventionsgrupper eller
mellem de kvinder, der fik tilbudt motiverende vejledning eller standard svangreomsorg. Deltagerne,
der fik tilbudt motiverende vejledning, opfattede dog sig selv som mere fysisk aktive ved hgj

intensitet end deltagerne, der fik tilbudt holdtraening. Deltagerne i alle tre grupper opretholdt det
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samme niveau af fysisk aktivitet ved moderat til hgj intensitet under hele graviditeten. Fysisk aktivitet
ved moderat til hgj intensitet var positivt associeret med antallet af holdtreeningssessioner, men
deltagelsesgraden var mindre end halvdelen af den anbefalede. Deltagelsen blandt kvinderne i
holdtraeningsgruppen steg, da interventionerne blev tilbudt online pga. COVID-19 restriktioner.
Deltagerne i holdtraeningsgruppen ggede dog ikke deres fysiske aktivitetsniveau. De to interventioner
bestod af flere interagerende komponenter. Denne kompleksitet vil vaere underliggende for hele
afhandlingen.

Artikel 3 indeholder en procesevaluering af de to fysisk aktivitetsinterventioner. Et rammeveerk af
The Medical Research Council blev anvendt og ved at benytte bade kvantitative og kvalitative
metoder fandt vi, at deltagerne i FitMum var hgjtuddannede og havde en hgj autonomi i forhold til
deres egen hverdagsliv. Interventionerne blev leveret som forventet og med hgj fidelitet i bade de
fysiske og online interventioner. Holdtraeningsinterventionen var lettest at tilga for deltagere med hgj
fleksibilitet i deres hverdag, selv om holdtreeningen blev tilbudt seks dage om ugen. Deltagerne, der
fik tilbudt motiverende vejledning, vurderede sig selv som mere fysisk aktive ved hgj intensitet i
forhold til det, der blev malt objektivt. Det kan skyldes den intense opmarksomhed pa fysisk aktivitet
under interventionen. Deltagerne i EXE og MOT havde modsatrettede opfattelser af fysisk aktivitet.
Deltagere, der fik tilbudt EXE, opfattede sig primart som fysisk aktive, nar de deltog i en
treeningssession med en vis intensitet. | modsatning hertil anerkendte deltagere, der blev tilbudt
MOT, daglige aktiviteter, herunder aktiviteter med lavere intensitet, som tilstreekkelig aktivitet.
Deltagere, der fik tiloudt MOT, opfattede sig selv som mere fysisk aktive ved hgj intensitet i forhold
til det, der objektivt blev malt. Det kan skyldes den intense opmarksomhed pa fysisk aktivitet under
interventionen.

Alt i alt viser resultaterne af denne ph.d.-afhandling og tilhgrende artikler, at gravide kvinder kan
blive mere fysisk aktive, nar de tilbydes struktureret superviseret holdtraening. Interventionen er dog
intensiv og udfordrende at indga i. Pa grund af kompleksiteten, ser det ikke ud til, at en enkelt strategi
eller komponent er tilstraekkelig til, at gravide kvinder kan implementere den anbefalede maengde og
intensitet af fysisk aktivitet i deres hverdag. Pa baggrund af den mest effektive intervention i FitMum
(struktureret superviseret holdtreening) kan en kombination af fysisk fremmgde og hyppige
hjemmebaserede online-treeningssessioner dog gge fremmegdegraden og det fysiske aktivitetsniveau

blandt gravide kvinder i et fremtidigt perspektiv.
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Abbreviations

ACOG
Cl
CON
DLW
EXE
GA
MET
Min
MOT
MVPA
PA
PPAQ
RCT
SD

The American College of Obstetricians and Gynaecologists
Confidence interval

Control group

Doubly labelled water

Structured supervised exercise training
Gestational age

Metabolic equivalent of task

Minutes

Motivational counselling on physical activity
Moderate-to-vigorous-intensity physical activity
Physical activity

Pregnancy Physical Activity Questionnaire
Randomised controlled trial

Standard deviation
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Introduction

Pregnancy is a unique period of a woman’s life in which lifestyle behaviours, including physical
activity (PA) behaviours, can significantly improve the health of the pregnant woman as well as their
offspring®-3. The World Health Organisation recommends that in the absence of contraindications, all
pregnant women should be physically active throughout pregnancy for least 150 minutes (min) per
week at moderate intensity. In Denmark, the Health Authorities recommend pregnant women to
achieve at least 30 min of PA at moderate intensity per day corresponding to 210 min per week®.
These recommendations apply both for women who were physically inactive before becoming
pregnant and those already active when entering the pregnancy*. In addition, the American College
of Obstetricians and Gynaecologists (ACOG) advise that women who habitually engaged in vigorous
intensity PA before pregnancy can continue to do so during pregnancy?. Physical inactivity is
described as one of the most significant global health risks>~’. Despite substantial evidence, PA during
pregnancy has been surrounded by myths, dos, and don’ts for years. Resistance towards PA and lack
of knowledge on how to perform PA still exist®.

The present PhD thesis focuses on interventions addressing PA during pregnancy as it is important
to understand the mechanisms underlying pregnant women’s health behaviour and how PA
interventions can support a physically active pregnancy. The overall aim is to explore how healthy,
inactive pregnant women can increase their PA. The thesis is based on the randomised controlled trial
(RCT), FitMum: Fitness for good health of mother and child. The thesis takes a mixed methods
perspective to explore the mechanisms driving PA behaviour in pregnancy by integrating quantitative
results from the RCT and qualitative exploratory findings from interviews. The thesis is based on

three papers, covering

e a description of the three-arm randomised controlled trial FitMum, which includes two
physical activity interventions (Paper 1),

o the effects of the physical activity interventions on physical activity level during pregnancy
(Paper 2),

e and a process evaluation of reach, fidelity, dose, and mechanisms of impact of the physical
activity interventions during pregnancy (Paper 3)
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Table 1 shows a brief overview of the three papers, including data collection, methods, and results.

Title

Objective

Study

population

Methods

Results

Paper 1

Structured supervised
exercise training or
motivational
counselling during
pregnancy on PA
level and health of
mother and offspring:
FitMum study
protocol

To describe a single
site, three-arm RCT
which include the
two PA interventions
EXE and MOT
N=220

Study protocol

NA

Paper 2

Effects of structured
supervised exercise training
or motivational counselling
on pregnant women’s PA
level: FitMum - a
randomized controlled trial

Investigation of the effects
of EXE and MOT compared
to CON on MVPA and
complimentary PA
outcomes

N=220

Randomised controlled trial

EXE was more effective
than CON to implement
MVPA during pregnancy.
MOT was not more
effective than CON. MVPA
in the intervention groups
did not reach the
recommendations.

Table 1. Overview of the three papers included in the present PhD thesis.

EXE, Structured supervised exercise training; MOT, Motivational counselling on physical activity; MVPA, moderate-to-

Paper 3

PA during pregnancy: a
mixed methods process
evaluation of the FitMum
randomised controlled trial
interventions

Assessment of
implementation and
mechanisms of impact of
EXE and MOT

Quantitative study
population: N=220
Qualitative study
population: N=20

Mixed methods process
evaluation

Participants reached were
highly educated with high
autonomy. Interventions
were well delivered with
high fidelity. Participation
in EXE required flexibility
and priority. PA perception
differed among EXE and
MOT.

vigorous intensity physical activity; PA, Physical activity; RCT, randomised controlled trial.
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Background

This section presents the theoretical framework of the thesis and includes a presentation of the
literature on PA in pregnancy and the challenges in implementing PA among pregnant women. The
first part of the background involves the area of PA in pregnancy, whereas the last part encompasses

evaluation of complex interventions.

The importance of physical activity during pregnancy

Physical activity is significantly associated with health benefits for pregnant women®3; it reduces
gestational weight gain®?'2, and the rates of gestational diabetes mellitus, gestational hypertension,
preeclampsia, preterm delivery and caesarean section'™*3>, Moreover, PA during pregnancy is
associated with lower maternal depressive symptoms and improved quality of life, both prenatally
and during the postpartum stage!®2°, It is well-established that PA at a moderate intensity level during
pregnancy is safe for women with uncomplicated pregnancies and does not increase the risk of
miscarriage?, preterm delivery*®?? or complications during delivery?23. Among healthy low-risk
pregnant women, PA at vigorous intensity conducted into the third trimester also appears to be safe®*.
In addition, regular aerobic exercise during pregnancy has been shown to improve or maintain
physical fitness®. Only few safety precautions are outlined. In general, pregnant women are
recommended to avoid activities which involve physical contact or the danger of falling'3#. In a
Danish context, activities such as handball, football and horse riding could be included in these safety
precautions. However, it should be considered whether no engagement in these activities would lead
to less or no activities at all. The 2019 Canadian guideline for PA throughout pregnancy recommends
pregnant women to avoid non-stationary biking as such activity may carry a higher risk of falling. A
cross-sectional study by Broberg et al. from 2015 revealed that bicycling was the most preferred type
of PA before pregnancy (39%) and during early pregnancy (30%) among the 7,915 women
participating in the Copenhagen Pregnancy Cohort?. Despite a higher risk of falling due to changes
in centre of gravity and the ability to respond to unpredictable environment such as traffic or unsteady

surfaces as pregnancy progresses, this risk must be weighed against the risk of not engaging in PA.

Physical activity patterns during pregnancy

Notwithstanding the substantial evidence on the benefits of PA during pregnancy, several studies
have estimated that most pregnant women (>50%) do not participate in PA as recommended, but the

prevalence reported varies across studies and geographical settings. An overall assumption is that 60-
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95% of pregnant women do not engage in PA as recommended®2®-3L, In addition, a considerable
decline of PA has been reported both during pregnancy as well as from the preconception period into
the pregnancy?’32. In 2015, 38% of 7,915 first trimester pregnant women subjectively assessed
themselves to meet the PA recommendation?, but the prevalence of PA during pregnancy has not
been updated since. Demographic predictors of higher prenatal PA include being nulliparous and

having a higher educational level as well as higher income33=34,

Physical activity intensity during pregnancy

Over generations the scientific basis of PA recommendations in pregnancy has developed, and the
PA advice, targeting pregnant women, has changed accordingly. In the middle of the 20" century
American pregnant women were encouraged to engage in housework, gardening and in short, daily
walks. In addition, they were occasionally recommended swimming sessions while discouraged to
participate in sports. Since then, the prenatal exercise recommendations have been updated several
times and as mentioned earlier, pregnant women with uncomplicated pregnancies are now advised to
engage in PA at moderate intensityl“. In 2020, ACOG recommended that the PA intensity in the first
trimester is safe and effective if performed at less than 60-80% of the age-predicted maximum
maternal heart rate or perceived as 12—14 on the rating of perceived exertion scales, the Borg scale®®.
ACOG add that the heart rate should not exceed 140 beats/min, which is a recommendation that has
not been addressed since 19852%¢37, Recently, some of the challenges in monitoring absolute and
relative exercise intensity in relation to the recommendations from ACOG were discussed®’. The
authors emphasised that the PA intensity measured by using the heart rate estimated from age alone,
or from age and a resting heart rate, may cause inaccurate measurements and suggested a wrist-worn
PA tracker to collect heart rate data over an extended period of time. They argued that the heart rate
is higher during pregnancy compared to a non-pregnant state and that the average resting heart rate

increases from early pregnancy to delivery with a reduced submaximal exercise as a result.

Physical activity types during pregnancy

Pregnancy PA trends have been examined during the last decades®® . Recently, results from the
Norwegian-Swedish Mother-Childbirth Cohort*® showed that the majority (n=1,660 (71%)) of the
2,349 included pregnant women answering an electronic questionnaire at their 18" week of gestation
had engaged in PA in the last two weeks. The most frequently reported PA performed with higher
levels of intensity and duration at least once a week in pregnancy was strolling (n=1,787 (76%)) and
brisk walking (n=1,274 (54%)), followed by strength training (n=707 (30%)), bicycling (n=522
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(22%)) and jogging (n=313 (13%)). The same types of PA were reported performed twice a week
including strolling (n=1,369 (58%)), brisk walking (n=839 (36%)), bicycling (n=361 (15%)), strength
training (n=322 (14%)) and jogging (n=127 (5%)). The different types of PA reported by Carlsen et
al.3® were partly in line with findings from the Danish National Birth Cohort published in 2012
including 88,000 pregnancies from 1996 to 2002%1. Approximately one-third of the women reported
some type of exercise at gestational week 16 (n=32,354 (37%)) and week 30 (n=24,639 (30%)),

mostly performed as low-impact activities, such as swimming or bicycling*.

Attitudes, enablers, and barriers to physical activity during pregnancy

To improve pregnant women's participation in PA, it is important to understand their attitudes towards
PA, the reasons why they are not physically active and enablers that can be harnessed to design
effective PA interventions. A systematic review from 2018%° investigated attitudes, barriers and
enablers to PA reported in 47 quantitative and qualitative studies that included pregnant women with
a diverse range of age, gestational age (GA), parity, body mass index, ethnicity and educational and
socioeconomic backgrounds. Most of the studies reported positive attitudes towards PA during
pregnancy and perceived PA as important, beneficial and safe. Intrapersonal factors towards PA
during pregnancy were the most frequently reported enablers and these comprised of maternal and
fetal health and well-being, less pregnancy discomfort and easier labour and delivery. In addition,
improved fitness and physical appearance were reported as important enablers towards PA. The most
frequently reported barriers towards PA were, as with the enablers towards PA, intrapersonal and
comprised of fatigue, lack of time and pregnancy discomfort such as nausea, pain and awkwardness
due to weight gain and increasing size. Safety concerns such as what type and the intensity of PA to
engage in were reported less frequently. A literature review from 201742 of perceived barriers to
leisure-time PA during pregnancy included 12 quantitative and 14 qualitative studies. The review
also reported that intrapersonal barriers were the most frequently cited but added to the above-
mentioned barriers, that lack of motivation was one of the most frequently mentioned barriers towards
PA. Noticeable, despite the available information on the benefits of PA during pregnancy, women
experience contradictory information on PA during pregnancy and barriers to exercise during

pregnancy still include safety concerns and uncertainty of what type of PA to engage in?>*.

Declining physical activity during pregnancy
Over the last decades pregnancy has been seen as a time of natural decline in PA32404447 However,

the prevalence of PA varies among different studies; in 2015, a cross sectional study including 1,279
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pregnant women*’ found a lower PA prevalence during pregnancy rather than before (p=0.01). One-
fourth of the women reported that they were physically active during preconception. However, more
than half of these women (55%) stopped exercising due to pregnancy, 29% reported that they
maintained their PA level during pregnancy and 16% continued being physically active but with a
lower intensity and frequency. The PA prevalence was lowest in the first and third trimester with 14%
and 13% of the women performing regular exercise (twice or more per week, at least 30 min/session).
In the second trimester, the prevalence of PA was 18%, but only 8% of the women were physically
active throughout the entire pregnancy. In 2020, a cross-sectional study including 9,345 pregnant
women*® found a higher PA prevalence than reported by Nascimento et al.*’, as 52% of the women
reported that they performed some kind of exercise during pregnancy. 90% of the women being
physically active stated that they were physically active in the first and the second trimester and 77%

physically active in the third trimester.

Reducing the decline in physical activity during pregnancy

The declines just described were reported in observational studies without any PA interventions. In a
systematic review of PA interventions during pregnancy from 2013%, eight of ten studies included
demonstrated higher PA in intervention groups compared to controls. In half of the studies included,
PA increased among women in intervention groups compared to controls, and in three of the studies
PA decreased less in intervention groups compared to controls. Two studies demonstrated that PA
was higher in the control group compared to the intervention group. The review suggested that

interventions focusing on PA behaviour can reduce the decline or even increase PA during pregnancy.

Strategies towards physical activity implementation during pregnancy

The contradictory pattern of positive attitudes towards PA, but a low PA participation, has given rise
to several PA intervention designs that potentially can improve PA behaviour. A systematic review
of PA behaviour change interventions during pregnancy®? presented several behaviour change
techniques of which the most effective appeared to be goal setting and planning with feedback,
typically in face-to-face meetings. A meta-analysis of PA interventions for healthy non-pregnant
adults included 27 studies providing PA and PA self-efficacy data. The mean age of all participants
was 43 years, and 69% of the included participants were women®*®. Similar results were found in a
meta-analysis among a non-pregnant population*®; adults who engaged in PA interventions with
action planning (corresponding to ‘planning’ in the review of Currie et al.*?) had a significantly higher

PA level as well as higher PA self-efficacy compared to interventions without integration of this
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technique. Action planning was defined by the authors of the meta-analyses as ‘a specific detailed
planning of when, where and how the specific behaviour is going to be performed’.

A recently published systematic review® on how to promote PA during pregnancy included 15
studies with 5,633 pregnant women. Despite few and varying findings, the authors suggested
incorporating newer technologies such as PA applications. However, they pointed out the importance
of such devices not standing alone.

Engagement in physical activity research during pregnancy

Over the years, pregnant women have been underrepresented in clinical research. A systematic review
from 2017°! found that on average 40% of invited women refused participation in interventions to
improve PA during pregnancy. A qualitative case-control study from 2015°2 revealed that pregnant
women felt uncertain about whether participation in interventions could harm their unborn child. In
contrast, the possibility of an improved outcome for the baby was reported as the main motivation for
trial participation in a qualitative study from 2006°3. In 2018, a systematic review®* demonstrated that
pregnant women were willing to participate in research particularly for altruistic, e.g., contributing to
research and willingness to help future pregnant women in general, and personal reasons, e.g., a desire
to improve health behaviour. The barriers for participation were primarily related to inconveniences
that encompass practicalities such as time investments and distance to the study site and physical
inconveniences such as physical distress, all barriers similar to those reported by non-pregnant
populations®. In addition, the willingness among the general population to participate in clinical
research was also associated with prior experiences in research participation, younger age and higher

levels of education.

Randomised controlled trials on physical activity during pregnancy

Table 2 will provide an overview of the last decade’s randomised controlled trials with PA
interventions during pregnancy with components similar to the interventions in FitMum. In brief, the
two intervention strategies applied in FitMum were structured supervised exercise training (EXE)
and motivational counselling on PA (MOT). The first section contains five studies with PA exercise
components like the ones in EXE, whereas the second section includes six studies with components
of PA counselling like ones in MOT. The studies are presented chronologically in both sections. Six
studies included objective methods and are highlighted with an orange colour, whereas five studies
included subjective methods and are highlighted with a green colour. Studies with a combination of

lifestyle, dietary and PA intervention(s) are only included if the main focus was on PA. In brief, the
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studies varied in designs and results. Most studies (no matter design) found that the intervention group

was more physically active than the control groups. However, the positive results were only found in

few of the PA components measured.

Author, Participants Intervention Method used  Results (PA)
year strategies to determine
PA
Studies with components like EXE
Oostdam et 121 pregnant Intervention group Accelerometer No significant
al., women: (n=62): (ActiGraph): differences in
2012% GA atinclusion:  Group exercise Baseline (~15 MVPA (min/week)
<20 weeks training with 60 min  weeks of between groups.
aerobic and strength  gestation)
Risk of gestational exercises twice/week GA 24
diabetes mellitus GA 32
Control group
(n=59):
Standard care
Leung Hui 113 pregnant Intervention group PARMedX Women with pre-
etal., women (n=57): form for pregnant BMI <24.9
2014° GA atinclusion:  Instructed PA pregnancy: had higher PA two
<20 weeks sessions 3-5 times/ Baseline months post-
week, 30-45 Two months intervention
min/session (group  after baseline  (intervention group:
and home-based baseline 1.4+0.81
video sessions from units vs. two months
inclusion to GA 36 after, 1.87 £ 0.35
units, p<0.05).
Control group
(n=56):
Standard prenatal
care
Poston et 1555 pregnant Behavioural IPAQ: Intervention group
al., 2015°®  women intervention Baseline has higher MET
GA at inclusion: (n=783): GA 27-28 min/week at GA 27-
15-18 weeks + 6 Eight health trainer-  weeks + 6 28 weeks + 6 days
days led sessions once/ days vs. controls (1836

week

Control group
(n=772):.
Standard antenatal
care
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Seneviratne 74 pregnant Intervention group Cycle Intervention group
etal., women: (n=37): ergometer (a  improved their
2016 GA atinclusion:  Home-based, sub-maximal aerobic fitness and
<20 weeks prescribed graded peak workload vs.
moderate-intensity  exercise test): controls (+48.0
Overweight/obese stationary biking. GA 35 seconds; p=0.019
3-5 sessions/week and +8.8 W;
at 15-30 p=0.019).
min/session for 16
weeks
Control group
(n=37):
Standard care
Wang et 300 pregnant Intervention group IPAQ: Intervention group
al., 2017%°  women: (n=150): Baseline had higher total
GA at inclusion: Supervised exercise  GA 25 METmin/week vs.
10 weeks 3 times/week (>30 GA 36 controls at GA 25
min/session via a (1741£798 vs.
Overweight/obese  cycling program 1327+1300,
from 3 days after p=0.010) and higher
randomisation until moderate-intensity
GA 37. PA at GA 25
(4841220 vs.
Control group 64+360, p<0.001)
(n=150): and GA 36
Standard prenatal (436177 vs.
care 81+239, p<0.001).
Studies with components like MOT
Gaston et 60 pregnant Protection Accelerometer  All participants
al., 2012%¢  women: motivation theory (ACTICAL)  reported increased
GA at inclusion: (PMT) + action- and self- exercise from
GA 13-31 planning (n=21): reported baseline to 1 week
Educational material exercise: post-intervention.
Inactive on PA and PA Baseline Participants in both
action-planning 1 week post- planning groups
sheets intervention were more active

PMT + action- and
coping-planning
(n=19):

Educational material
on PA, PA action-
planning sheets and
coping strategies

PMT-only (n=20):

4 weeks post-
intervention

(p<0.001) than those
in the PMT-only
group by 4 weeks
post-intervention (by
accelerometer).
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Educational material

on PA during
pregnancy
Aittasalo et 339 pregnant Intervention group IPAQ: No significant
al,, women: (n=219): Baseline difference in leisure
201252 GA at inclusion: 5 PA counselling GA 26-28 time PA between
16-18 weeks sessions, monthly GA 36-37 groups.
group PA-meetings,
At risk for telephone
gestational counselling 1 week
diabetes mellitus  after each meeting
Control group
(n=180):
Standard care
including PA
counselling at the
first maternal visit
Renaultet 425 pregnant Intervention group 1  Pedometer No significant
al., 2013%®  women: (n=142): (Yamax difference in
GA at inclusion: PA plus dietary Digiwalker steps/day between
<16 weeks intervention with CW-700/750): groups.
follow-up on dietary 7 consecutive
BMI >30 kg/m? advice and PA days every 4
encouragement weeks
Intervention group 2
(n=142):
PA with
encouragement to
increase PA
Control group
(n=141):
Standard care
Hawkins et 260 pregnant Exercise group PPAQ: The exercise group
al., 2014%  women: (n=143): Baselin had greater increases
Inclusion at 1st Individually 12 weeks of in sports or exercise
trimester tailored, intervention activity
motivationally (METhours/week)
At risk for matched self- compared to health
gestational selected PA in 12 and wellness group

diabetes mellitus

weeks

Health and wellness
intervention
(n=147):

(0.3 vs. 5.3,
p<0.001), smaller
declines in total PA
(-42.7 vs. -2.1,
p=0.02) and MVPA
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Tips sheets and (-30.6 vs. -10,
telephone calls on p=0.05).
health and wellness

during pregnancy

Currie et 109 pregnant Intervention group Accelerometer No differences in PA
al., 2015%  women: (n=47): (Actigraph between groups.
GA at inclusion: Three individually model GT3X): Moderate and
8-15 weeks tailored 30-60 min GA 12-15 vigorous PA and
face-to-face PA GA 20-22 MVPA declined
Healthy, consultations (one GA 35-37 between trimester
primiparous per trimester) one and three in both

| groups, p<0.001.
Control group

(n=50):
Standard care
Hayman et 77 pregnant Intervention group Accelerometer Intervention group
al., women: (n=39): (GeneActiv):  increased MVPA
2017% GA at inclusion: Tailored PA advice  Baseline from baseline to
10-20 weeks and access to a Post- post-intervention
library of PA papers intervention (4 compared to controls
Healthy weeks (mean difference in
Control group intervention).  min: 35.87 vs. 9.83,
(n=38): p<0.05).
Access to the library
of PA papers

Table 2. Overview of randomised controlled trials with physical activity interventions during pregnancy.

The trial delivered physical activity interventions with components like EXE or MOT. GA, Gestational age; MVPA,
Moderate-to-vigorous intensity physical activity; BMI, Body mass index (kg/m?); PA, Physical activity; MET, Metabolic
equivalent of task; IPAQ, International Physical Activity Questionnaire; PPAQ, Pregnancy Physical Activity
Questionnaire.

Monitoring physical activity during pregnancy

The American College of Sports Medicine recommends that exercise intensity is prescribed using
either absolute or relative values®’. The absolute intensity is based on the work performed, including
PA, and expressed as the metabolic equivalent task (MET). The individual’s cardiorespiratory fitness
is not considered even though it may not exactly equal the assigned MET value of a given activity.
The relative intensity, in contrast, accounts for the cardiorespiratory fitness and is based on oxygen
uptake, perceived exertion or heart rate as measured by the PA tracker®’. However, absolute intensity
can be imprecise, just as obtaining oxygen uptake can be a complex and challenging task. Thus,
ACOG suggests monitoring intensity based on heart rate and perceived exertion?.

One of the most common options available for pregnant women to measure their heart rate is a

wearable device such as a PA tracker. For years, a chest strap was the best option for accurately
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measuring the heart rate at a low cost. However, the discomfort caused by wearing devices strapped
tightly around the thorax made using them over longer periods of time a challenge, especially for
pregnant women. Thus, a wrist-worn PA tracker integrating heart rate assessment has gained
popularity in recent years. In addition, PA trackers are now being used extensively for research
purposes as intervention facilitators and as tool of measurement. The wrist-worn tracker applies an
optical measurement method to estimate the heart rate from the pulsatile changes in blood volume

near the skin surface®’.

Evaluation of complex interventions

Traditionally, RCTs have been considered the ideal study design for obtaining unbiased estimates of
efficacy in PA interventions®-"1, This is not without reason, since the RCT design provides the means
for determining if there is a causal relationship between the intervention (exposure) and in terms of
the outcome(s) of interest. The robust, tightly controlled design based on the power of randomisation
results in high internal validity. In RCTs in general, interventions are initiated at baseline, and
outcome(s) are measured at the end of the study, offering an answer as to whether and not how the
intervention worked. Often, it is hard to recognise how an intervention is expected to work. A poor
description of interventions and the surrounding aspects provides insufficient information about any
causal processes present in the interventions, creating a black box of which the content is not
covered’?. Research involving complex interventions must go beyond asking whether an intervention
works, in the sense of achieving its intended outcome, by asking broader questions to identify any
other effects of the intervention”. Complex interventions are defined as interventions containing
multiple interacting components and often encompassing a wide variety of non-pharmacological
mechanisms, particularly those that aim to change behaviour™ ">, As such, many PA interventions
can be defined as complex. However, the number of components influences the degree of complexity
as well as the targeted behaviour and the implementation of interventions. Further, the complexity
exists not only in the interaction of the different components but in the interactions between the
intervention and the context in which the intervention is embedded. Most publications on pregnancy
PA interventions focused on their efficacy in terms of health and pregnancy outcomes but did not

provide a thorough assessment of external validity32 74737,
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Process evaluations of complex interventions on physical activity during pregnancy

Process evaluations aim to clarify how an intervention functions by examining the different
implementation paths and the mechanisms of impact”. The value of process evaluations within trials
of complex interventions is widely recognised, and in the last decades, the literature on process
evaluation related to public health interventions has grown considerably. Even though theoretical
frameworks have emerged’ "7, there is a great variation in how the process evaluation is planned and
conducted. Originally, the process evaluation frameworks included only quantitative measures, but
the value of qualitative data as a complement to quantitative measures has now been
acknowledged’®’""8, In addition, it has even been proposed to integrate qualitative assessments in an
expanded mixed methods model to further strengthen the frameworks®®. A review from 20157 of
behavioural intervention studies using the widely known process evaluation framework RE-AIM
(reach, effectiveness, adaption, implementation, maintenance)’’ revealed that 6-24% (median of
15%) of the studies included qualitative methods to ensure a multi-level insight by examining the
process evaluation dimensions. In the research field of PA during pregnancy, only a few process
evaluations have been conducted®®®. These process evaluations have been applied in large
multicentre RCTs published in 2015; the UK Pregnancies Better Eating and Activity Trial
(UPBEAT)® and the pilot study of Vitamin D and Lifestyle Intervention for gestational diabetes
mellitus prevention (DALI)*® were conducted to prevent gestational diabetes mellitus among
overweight and obese pregnant women. Both process evaluations undertook dimensions from the
framework of Steckler and Linnan’®. The process evaluation of UPBEAT®® combined quantitative
and qualitative data and revealed that practicalities often interfered with regular attendance in the
delivered sessions even though participants expressed a high willingness to attend. The DALI study®®
found that the intervention was not associated with a significant change in PA among participants and
the process evaluation® revealed that the DALI study was very time-consuming for the women,

which led to lower participation rates.

Rationale for conducting the FitMum randomised controlled trial

Low prevalence of PA during pregnancy has been evident for years, but little attention has been paid
to the mechanisms affecting the prevalence. It is necessary to identify and understand the mechanisms
involved and make them known so pregnant women can increase their PA level in a safe and effective

manner. To gain a comprehensive insight into mechanisms at work in a complex PA intervention
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during pregnancy, a mixed methods design was chosen, combining the quantitative PA effect and the

perceived experiences with participation.

Aims

The main aim of this PhD thesis was to investigate the effects of offering two different PA
interventions to healthy pregnant inactive women on PA level and to explore the implementation and

mechanisms of impact focusing on:

e Moderate-to-vigorous intensity physical activity and complementary physical activity
outcomes from the randomised controlled trial FitMum (Paper 2)
e Process evaluation components of the two physical activity interventions in FitMum and the

pregnant women’s perception of their intervention participation (Paper 3)

The predefined hypotheses in Paper 2 were that both EXE and MOT would increase moderate-to-
vigorous intensity PA (MVPA) in pregnancy compared to CON, and that EXE would be more
effective than MOT as described in the statistical analysis plan for FitMum RCT available at
clinicaltrials.gov, #NCT03679130.
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Methodological considerations

Paper 1 and 2: FitMum randomised controlled trial

This section will initially present the FitMum RCT in brief. The methodological considerations of the
two PA interventions in FitMum RCT and the measurements used to assess PA in FitMum will be

placed in the context of international state-of-the-art research within the area of PA in pregnancy.

The FitMum design

The FitMum study was designed as a single-site, three-arm RCT and developed to investigate how
inactive pregnant women could implement PA in everyday life. To explore in what way pregnant
women could increase their PA level most effectively, we investigated the effects of two different PA
interventions on actual PA level. The interventions were developed with inspiration from the 2008
Medical Research Council’s framework for developing and evaluating complex interventions’®. As a
part of the development, 27 semi-structured interviews with stakeholders including Danish pregnant
women, midwives and obstetricians were conducted (unpublished material) to gain a broad
understanding of pregnant women’s views of PA, demographics, anthropometrics and varied levels
of PA among the pregnant women. A thematic analysis was performed to explore the feasibility of
FitMum as well as the motivational factors and barriers to PA during pregnancy. Together with
findings from the available literature, the interviews were used to design and structure the two PA
interventions. More specifically, and as an example, we asked the pregnant women when they would
like to exercise during the day, what kind of exercise they would like to take part in and how a session
advantageously should be carried out if they were enrolled in FitMum. Among other things, most of
the women expressed that they would like to join a group exercise session just before or just after
work. It was important for them to not have to leave home after dinner and when their children were
going to sleep.

In brief, the two intervention strategies, EXE and MOT, were compared to a control group (CON)
receiving standard prenatal care. The primary outcome was min per week of MVPA from
randomisation to gestational age of 28 weeks and 0-6 days determined by a wrist-worn, commercial
Garmin activity tracker. Additionally, complementary measures of PA were obtained by the Danish
version of the Pregnancy Physical Activity Questionnaire (PPAQ-DK)®84 and by ‘gold-standard’
doubly labelled water technique (DLW)®27. To gain a comprehensive insight into the complex
variable that PA and especially PA in pregnancy constitutes, several other outcomes were

investigated. We used multiple disciplines and research fields as well as different scientific methods.
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The overall study design from inclusion to the follow-up test visit one year postpartum is described

in Paper 1 and shown below in Figure 1.

VISIT 1 VISIT 2 VISIT 3 VISIT 4 VISIT5 ONLINE VISIT 6
BASELINE (1 week) >> INTERVENTION >> FOLLOW-UP
H £--» CON [ ! H
H z ' H
: 3 '
; 9= fa
: 1A --» EXE H P
: o3 : i [DAY7-14PP| i |[1YEARPP
: ez ! ! Weight ¢+ | Questionnaires
: = ?\l : i | DXAscan 1| Qualitative
H z- » MOT A Breast milk ! interview
: : P <
H H : Questionnaires
GA <15+0 GA 28+0 - 28+6 | | GA 34+0 - 34+6 | | DELIVERY i | Growth
Ultrasound scan Blood Blood Blood : Physical activity
Medical screening Weight Weight Weight H
Blood DLW Questionnaires Umbilical cprd l:_olood
Weight Questionnaires || Qualitative Placental biopsies WEEK 6-8 PP
Questionnaires interview Questionnaire
Qualitative
interview [Blood J (Questionnaire]
( Activity tracker )

Figure 1. Study design of the FitMum randomised controlled trial.

After inclusion at visit 1, participants completed a one-week baseline period. Data were collected at the hospital three
times during pregnancy (visit 1-3), at delivery (visit 4), and two times in the first year postpartum (visit 5 and 6). Data
were also collected continuously by the activity tracker and via online questionnaires throughout the study period. Purple,
participant; Green, partner; yellow, offspring; GA, Gestational age; CON, Control; EXE, Structured supervised exercise
training; MOT, Motivational counselling on physical activity; DLW, Doubly labelled water; DXA, Dual-energy X-ray
absorptiometry; PP, Postpartum. The figure is created with Biorender.com.

Methodological considerations of the two physical activity interventions in FitMum

In Figure 2, a programme theory presents an overview of how and under what circumstances EXE
and MOT were expected to lead to their effects. The programme theory is created as a single linear
causal path even though complex interventions are rarely straightforward®. The two first columns
cover the planning part of the study; the certain resources needed to operate the study and the two
interventions (activities). The remaining columns cover the intended results; the outputs and
mechanisms as they are strived for if the planned interventions are accomplished to the intended

extent as well as the impact expected to occur if the benefits to participate are achieved.
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Figure 2. Programme theory of the FitMum interventions.
The purple colour represents both intervention groups, the blue represents EXE and the red represents MOT. PA, Physical
activity. The figure is created with Biorender.com.

Structured supervised exercise training

The gym sessions consisted of a combination of aerobic and resistance training with approximately
30 min stationary biking with a combination of hill climbing and high cadence intervals and 30 min
of exercise with, e.g., elastic bands or body weight®. In general, the woman were recommended a
heart rate range of 121-141 beats/min® or to a degree where the women is able to maintain a
conversation during PA (12-14 at the perceived exertion Borg scale®). Resistance training was
performed with sets of 10-15 repetitions of each exercise®®. However, with the use of, e.g., elastic
bands, exercise intensity was difficult to quantify specifically. The stationary bike session was
inspired by Wang et al.%° who described their biking session in detail and found that such a session
initiated early in pregnancy, and performed no less than 30 min, 3 times/week, was associated with a
significant reduction in the frequency of gestational diabetes mellitus in overweight and obese
pregnant women. The aquatic session consisted of 15 min of swimming and 45 min of water exercises
with, e.g., plates or dumbbells inspired by AquaMama®’. Adding an aquatic activity was based on

findings from a Norwegian cohort study including 34,508 pregnancies and a nested case-control study
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within the Danish National Birth Cohort including 5,304 pregnancies*®-*2, Owe et al. found that during
pregnancy participation in all types of activities decreased, except for swimming, which was the only
activity that increased during pregnancy*°, while Andersen et al. found that swimming was associated
with a decreased risk of pelvic girdle pain compared to no exercise®.

During the COVID-19 pandemic restrictions that were introduced in Denmark on March 11t 2020,
gym and aquatic sessions were converted into a home-based setup. The intension was that the online
version should resemble the physical as much as possible. Thus, the online exercise sessions were
offered with the same frequency and at the same time as the physical and were a combination of a 30
min offline, self-selected activity such as biking, brisk walking or cardio exercises and a 30 min

online, supervised group session such as aerobic and resistance training.

Motivational counselling on physical activity

The content of MOT was inspired by recommendations on lifestyle interventions during pregnancy
that support individualised advice on how to increase PA level rather than using a generic approach®,
In addition, MOT was designed based on previously mentioned barriers and enablers towards PA in
pregnancy and the recommendation of implementing a theory-based framework into PA
interventions?®%. The Self-determination Theory and Motivational Interviewing®® were applied to
help in understanding the PA behaviour. Often, the intrapersonal barriers change during pregnancy,
with fatigue and nausea being most dominant in early pregnancy whereas changes in size and shape
dominate later in pregnancy?. In contrast, PA in early pregnancy was found to be the factor most
strongly associated with PA at later gestations®. Based on that, the counselling sessions were
distributed with most sessions in the beginning of the intervention period (Figure 1, Paper 3). Further,
MOT was designed to accommodate individual needs and physical changes during pregnancy as
suggested?. Participants in MOT were recommended to exercise at the same intensity as participants

in MOT (described in the previous section).

Timing of interventions

9198 or a ‘window of

Over the years, pregnancy has been referred to as a ‘teachable moment
opportunities’%; a period with valuable opportunities for women to improve their health as they may
be more receptive to health messages and are in frequent contact with health professionals**7%, In
addition, engaging in PA is viewed by some pregnant women as an opportunity to do something for
themselves and as a behaviour that provided some time only for the women herself'®. In contrast,

interventions initiated in pregnancy may be influenced by previously mentioned barriers towards PA,
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e.g., nausea and weight gain®. In addition, pregnancy is perceived by some women as a period in
which they are exempt from bodily ideals that some women aspire to achieve, and therefore do not
have a need to be active'®. Interventions initiated as early in pregnancy as possible may provide basis
for a long intervention period. However, interventions initiated early in pregnancy will increase the
risk of recruiting women who may later miscarry which may increase the required sample size®.
Pregnancy is a relatively short time span, and succeeding with a lifestyle behaviour change may take
longer time®. Thus, it may be important to recognise the preconception as a unique stage of life which

will provide a longer time horizon for habit formation®1%,

The primary outcome in FitMum

Choice of primary outcome in FitMum

PA at moderate intensity was prescribed in both interventions in FitMum according to the current
recommendations from the Danish Health Authorities®. In addition, the recommendation prescribes
that the woman can continue being active at vigorous intensity if she has been active at this intensity
prior to pregnancy. Hence, MVPA was chosen as the primary outcome in FitMum. As mentioned
previously, walking is one of the most common types of PA chosen in pregnancy. Some studies even
indicate that walking is the most preferable activity during pregnancy°#192  Taking into
consideration that walking realistically could be ingrained within pregnant women’s various daily
activities, e.g. through transportation, occupation and leisure time, number of steps could have been
chosen as the primary outcome. Due to the current recommendations, it was important to separate
walking from activities with higher intensity. In general, a cadence at 100 steps/min is prescribed for
adults to achieve moderate intensity PA%, That entails at least a brisk walk and will exclude, e.g.,
stroller walking, walking with children and walking with lower intensity in general. In addition,
approximately 50% of women experience low back or pelvic girdle pain during pregnancy®, and it
must be assumed that some of these women would prefer non-weightbearing activities, e.g., biking
or swimming, which are also some of the most preferred activities in pregnancy®®*8. On that basis

and due to the PA recommendations during pregnancy*, MVPA was chosen as the primary outcome.

Sample size

The sample size needed to demonstrate an overall significant difference with a power of 80% and a
significance level of 5% was determined for the primary outcome of the study, MVPA from
randomisation to the 29" gestational week, and determined to 220 participants. Participants were

randomised into CON, EXE, or MOT in a 1:2:2 ratio. Essentially, more women were needed in the
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intervention groups to compare those, as we expected less difference in MVPA between EXE and
MOT than between CON and EXE and CON and MOT, respectively. In addition, we assumed that
the unequal randomisation would be more attractive for purposes of recruitment because participants
had a higher chance of being randomised to EXE or MOT. It was assumed, that participants were
motivated for PA and an unequal randomisation provided a greater chance of being randomised to
EXE or MOT. When the sample size had to be determined, there was no obvious literature available
on what effect size and SD to expect on PA assessed with the novel commercial activity tracker
chosen to measure the pregnant women's physical activity. Therefore, the average weekly PA was
estimated to 60, 210 and 150 min/week in CON, EXE, and MOT, respectively and determined the
SD to be 116 min/week based on a study consisting of similar PA intervention during pregnancy
which measured PA with accelerometers®®. The weekly MVPA of 210 min/week was based on the
Danish recommendations on PA during pregnancy*. Due to the predefined hypothesis in Paper 2, we
assumed that EXE would be more effective than MOT and that MOT would be more effective than
CON. Thus, we stipulated the average weekly MVPA in MOT to 150 min/week inspired by the
international recommendations on PA during pregnancy®. The average weekly MVPA of 60
min/week which was estimated in CON, was based on the PA exclusion criteria in the FitMum

study®e.

Measurements used to assess physical activity in FitMum

The following section is based on the PA measurement tools used to assess PA in the FitMum study
which is presented in Paper 2. It includes the objective methods PA tracker and DLW, and the
subjective questionnaire PPAQ-DK, which gives a comprehensive insight into the complex variable
that PA constitutes.

Physical activity tracker

Commercial PA trackers have the potential to allow for population-level measurement of PA and
large-scale behaviour change. However, questions remain about their reliability and validity.
Developing FitMum we tested activity trackers from Fitbit, Garmin and Polar. Polar was best at
measuring heart rate on the wrist, but Polar's Application Programming Interface (API) did not allow
data transfer to a database. The Fitbit design was not as appropriate as Garmin with its soft strap.

No reviews examined the validity and reliability of the Garmin Vivosport, but other Garmin PA
trackers and other PA trackers brands have been included. The most recently published systematic
review from 20221% found that trackers like Garmin Vivosport captured >75% of data when the PA
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tracker was worn. For PA trackers comparable to Garmin Vivosport, the mean absolute percentage
error for measuring heart rate ranged from 2% (SD 1.5%) to 17% (SD 20%). A review from 20201
summarised the validity and reliability of 32 PA trackers from Garmin exclusively and found that
very few studies had reported validity and reliability of heart rate and intensity. The findings indicated
that heart rate validity varied widely from low to excellent in the correlation coefficient and exceeded
the acceptable limits in the mean absolute percentage errors. The validity and reliability of steps was
good. A systematic review from 2020%%" found that commercial PA trackers are accurate for
measuring steps and heart rate in laboratory-based settings, but they emphasised the variations among
brands and PA tracker type. Recognising the advantages and disadvantages using PA trackers as a
measurement tool for PA, a combination of heart rate assessment and perceived exertion was
suggested as the current best way to monitor PA intensity in pregnancy®’. In 2020, a cross-validation
study!® determined and validated ratings of perceived exertion for different PA intensities derived
from the recommended heart rate ranges in the 2019 Canadian Guideline for PA throughout
pregnancy. It was suggested that pregnant women can monitor their exercise intensity during
pregnancy, rating the perceived exertion according to Borg® as participants in both EXE and MOT
in FitMum were recommended to. The Borg scale® is the most widely used scale and useful in PA
intensity monitoring. The scale was developed as an attempt to provide a user-friendly measure that
increases linearly with intensity, similar to the responses of heart rate®.

Doubly labelled water

DLW is considered as gold standard to assess free-living total energy expenditure due to its high
degree of accuracy. By measuring the disappearance rate of labelled isotopes in urine samples it
estimates carbon dioxide production and can be used to estimate total energy consumption with high
accuracy'®. This non-invasive process imposes minimal burden to participants. However, it is
expensive and can rarely be applied on a large scale!®®. It is worth mentioning that DLW measures
energy expenditure and not PA. Even though energy expenditure and PA are highly correlated, they
may vary. DLW does not provide specific information on daily PA nor the activity type, intensity or
duration of PA, However, the active energy expenditure (total energy expenditure minus basic
metabolic rate) is considered to represent energy expenditure in response to PA. DLW has previously
been used in pregnant women*!>!3 and it has been concluded that the method is as valid in pregnant
as in non-pregnant women*'4. However, the PA level in pregnant women is not fully comparable to
non-pregnant women as PA will represent a relatively smaller share of total energy consumption

when BMR is increased!13114,
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Pregnancy Physical Activity Questionnaire

Participant-reported measurements, typically in the form of PA recall questionnaires, are often used
as an alternative to objective measurements because of their time and cost effectiveness!®®. In general,
questionnaires are easy to administer and have a low cost of use, though the inherent bias of a
participant reported outcome measure is inevitable. Questionnaires rely on people’s memory and
willingness, which entails a risk of recall bias and social desirability. As PA is recommended by
health authorities, participants may be inclined to overestimate the duration or intensity of the activity
performed*!®7, Only few questionnaires are considered as valid tools for measuring PA in
pregnancy. Of those, the Pregnancy Physical Activity Questionnaire (PPAQ), developed by Chasan-
Taber et al., is considered one of the most valid and reliable®*!'®. PPAQ is designed to determine
frequency, duration and intensity of total PA during any trimester in pregnancy®. It has been
translated and culturally adapted to other nations and languages**®*?°, Prior to the FitMum study, we
translated the original version of PPAQ into Danish (PPAQ-DK)8* and found it to be valid and reliable
to measure PA in pregnant Danish women. The total PA was found to be the most valid component.
In FitMum, PA was digitally self-reported by participants using PPAQ-DK at baseline, visit 2 and
visit 3, respectively®. Overall, there was a high willingness to complete PPAQ-DK among
participants included in FitMum. At baseline, all participants completed the questionnaire; at visit 2,
100% of CON, 99% of EXE and 96% of MOT completed; and at visit 3, 91% of CON, 99% of EXE
and 90% of MOT completed. A limitation is that it is unknown whether the administration of PPAQ-
DK may have led to a heightened awareness of PA among participants*!®, especially in MOT who

received a thorough review of their PA level at the counselling sessions.

Paper 3: A mixed methods process evaluation of physical activity interventions during
pregnancy

In this section the methodological considerations of complex interventions, the applied process
evaluation framework and mixed methods intervention design will be placed in the context of
international state-of-the-art research within the area of process evaluation of complex PA

interventions.

Complex intervention evaluation
The research field of complex interventions develops quickly, and a new standardised framework for
developing and evaluating complex interventions was published in 20217+ (Figure 3).
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Figure 3. The 2021 framework for developing and evaluating complex interventions.
The new framework is commissioned jointly by the Medical Research Council and the National Institute for Health
Research™. The figure is reproduced with kind permission from Dr. Kathryn Skivington.

The framework divides complex intervention research into four phases: development or identification
of the intervention, feasibility, implementation, and evaluation. The evaluation forms the basis of the
present PhD thesis. The pathway through the research process is intended as non-linear and iterative.
Each phase is associated with a set of key elements that include context, development and refinement
of programme theory, stakeholder engagement, identification of key uncertainties, refinement of the

intervention and economic considerations’® "3,

The Medical Research Council framework for process evaluations

The Medical Research Council process evaluation framework developed by Moore et al.” (Figure 4)
is widely recognised. The framework supports a clear reporting of the interventions and its causal
assumptions, information about context, implementation and mechanisms of impact and the
outcomes. Insights from the framework can provide knowledge about, e.g., the proportion of the
target group that intervened with the interventions and to what extent the interventions were

implemented as intended®-%%75,
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Figure 4. Key functions of process evaluation.
Blue boxes are the key components of a process evaluation and the arrows connect the relations among them?®. The figure
is reproduced with kind permission from Professor Graham Moore.

Mixed methods intervention design

Over the years, various definitions of mixed methods research have been proposed by different mixed
methods scholars®?. This thesis is inspired by Creswell and Clark!?? and considers mixed methods as
an approach to research in behavioural and health sciences in which both quantitative and qualitative
data are collected, integrated and interpreted based on the combined strengths of both sets of data to
understand the research problem. The mixed methods intervention design*?? (Figure 5) was chosen
with the intent of adding qualitative data into a quantitative research design to improve personal and
contextual experiences drawn from the participants included in the FitMum study along with the
quantitative outcome measures. The design was originally named as the mixed methods experimental
(or intervention) design. However, for this purpose, the word ‘intervention’ is used instead of
‘experimental’. In the present PhD, the qualitative interviews were conducted in the last part of the
intervention (at the 35" gestational week) to understand how participants experienced the
interventions (a convergent core design) and separately analysed after the quantitative data analysis
to understand the impact of the quantitative data (an explanatory sequential design). The integrated
analysis assessed the relationship between the quantitative and qualitative data, i.e., whether the two
types of data reinforced each other, expanded upon each other, or were discordant with one another.
The mixed methods intervention design was chosen acknowledging that the quantitative approach in
Paper 2 might simplify the mechanisms and that a more open and flexible qualitative approach was
needed to gain a more comprehensive understanding of the mechanisms at work in relation to

participating in the FitMum interventions.
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Figure 5. Mixed methods intervention design.

The illustration is created in relation to the FitMum study based on the Creswell and Clarke method*?2. The figure is

created with Biorender.com.
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Results and discussion

This section will initially present the main results of the effect evaluation of the FitMum study (Paper
2) and place them in a discussion with the context of international state-of-the-art research within the
area of PA in pregnancy. Thereafter, the processes of the FitMum study interventions (Paper 3) will
be assessed in the same way.

Paper 2: The effect of the FitMum randomised controlled trial on physical activity

Inclusion in FitMum

Two hundred and twenty healthy, inactive, pregnant women were included in FitMum. The flow of
inclusion, randomisation, and analysis are presented as Figure 1, Paper 2. To meet the determined
sample size, the inclusion ran for two years. In that period, written study information was
electronically addressed to 8245 women who attended a first-trimester ultrasonic scan at
Nordsjaellands Hospital. On their own initiative, 872 women (11% of 8245 women) completed an
online questionnaire and hence pre-screened for eligibility. Of those, 284 women remained eligible
for further assessment and were screened for inclusion at visit 1. GA at inclusion ranged from 6+1 to
15+0 weeks (Table 1, Paper 2). One participant was lost to follow-up before randomisation; hence
219 women were randomised to one of the three groups one week after inclusion (CON: n=87, MOT:
n=87, CON: n=45). Overall, the penetration was 3.4% (284 of 8245 women), and participation was
77.5% (220 of 284 women). Penetration was calculated as the number invited divided by the
estimated target population, and participation was calculated as the number included divided by the
number invited, converted to percentage'?3. The lost to follow-up rate was lower than expected (15%
from randomisation to the 29" gestational week and 19% at delivery).

Transparency in inclusion

In general, the inclusion rate is well reported in RCTs including PA interventions during pregnancy®..
In studies comparable to FitMum, 16-37% of the pregnant women assessed for eligibility were
actually included®®69.124125 |n the FitMum study 25% (220 of 872 women) of all women who showed
interest in FitMum were included. Given the low engagement in PA interventions®!, examination of
the representativeness of participants and non-participants is important to raise the level of
generalisability and it may help in the development of interventions for specific populations. In
FitMum, 7373 women (89% of women who delivered at Nordsjaellands Hospital in the study period)
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did not complete the online screening questionnaire, but we did not have permission to ask why they
did not interact. Based on this, the pre-screening questionnaire presented in Paper 1 was useful.

Participants

Participant representativeness

Participants in FitMum all lived in North Zealand. Inhabitants in this region are in general comparable
to inhabitants in large parts of Denmark in terms of educational and occupational level and ethnicity.
However, people in this region tend to have higher average household income!?. Despite this, the
study population was expected to be relatively representative. A comparison between the
characteristics between women randomised in FitMum (Table 1, Paper 2) and all women who
delivered at Nordsjaellands Hospital in 2017 (n=4,011) (not published data) showed no differences
in age (FitMum: 31.5+4.3 years at inclusion, overall: 31.1+5.2 years at delivery), pre-pregnancy body
mass index (FitMum: 24.1 (21.8-28.7) kg/m2, overall: 23.1 (17.8-36.6) kg/m2) and nulliparity
(FitMum: 37%, overall: 44%). By contrast, participants in the FitMum study were higher educated
(Paper 3). As the willingness to participate in clinical research is associated with, e.g., higher levels
of education®, we must assume that there is risk of a selection bias in FitMum. In addition, it is well-
known that PA self-efficacy is the clearest correlate associated with participation in PA among
adults'?’. Thus, we may assume that women volunteering for a PA intervention studies like FitMum
are motivated for PA. A higher educational level might also cause a higher level of flexibility in work
life which was derived from the qualitative analysis presented in Paper 3. It is unknown whether the
interventions would have caused the same effects if they were implemented in other regions of
Denmark or especially in other countries influenced by different contexts, e.g., as socioeconomic or

commuting.

Future recommendations for contraindications for physical activity during pregnancy

We included healthy pregnant women with no obstetrical complications, since they are advised to be
physically active*. New classifications for absolute and relative contraindications for engaging in
prenatal PA have recently been proposed®?. It is suggested that current complications such as
hypertension, short cervix and multiple pregnancies should no longer be classified as
contraindications to PA as evidence shows no harm of exercise. On the contrary, prenatal PA for
women with the mentioned complications may in fact be beneficial for maternal and fetal health
outcomes. For pregnant women with relative contraindications such as mild respiratory disorders and

mild preeclampsia it is suggested that they could engage in modified MVPA. However, pregnant
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women with more serious PA contraindications such as severe respiratory disorders and placental

abruption, should still avoid MVPA but maintain daily acitivties!?,

Adherence to physical activity interventions during FitMum

Structured supervised exercise training

Throughout the study period participants randomised to EXE participated in less than half of the three
weekly recommended sessions (Paper 2). The average weekly attendance in EXE during the entire

study period (including physical and online sessions) is presented in Figure 6.
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Figure 6. The average weekly number of EXE sessions attended during the entire study period.
All participants randomised to EXE are included. The attendance is registered from randomisation to delivery. Full line,
mean number of sessions attended; Dotted lines, Confidence interval.

The women in EXE were affiliated to the intervention for approximately 23 weeks from
randomisation to delivery or to the date of lost to follow-up or discontinuation. On average, the
women in EXE joined 34 exercise sessions throughout the intervention period. The participation level
varied from 0 to 80 sessions with a median of 35 sessions from randomisation to delivery. 40% of the
women attended less than 1 session per week, 32% participated in 1-1.9 sessions per week and 28%
participated in 2-3 sessions per week. Thus, 60% of the participants attended 1-3 sessions/week
(Figure 7).
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Attendance in EXE in the study period

<1 session/week [J] 1-1.9 sessions/week = 2 sessions/week

Figure 7. Attended EXE sessions in the entire study period
Attendance was registered from randomisation to delivery in the entire study period going from October 2018 to May
2021.

Motivational counselling on physical activity

Participants randomised to MOT joined approximately 5 of 7 counselling sessions during their
pregnancy, corresponding to an adherence rate of 70% (Paper 2). The participation level ranged from
0 to 7 counselling sessions. 40% of the participants in MOT attended all seven sessions and 24%
joined six sessions (Table 3).

0 1 2 3 4 5 6 7
Sessions attended, n (%) 6(7) 6(7) 3(3) 5(6) 2(2) 9(10) 21(24) 35(40)

Table 3. Number and percentage of MOT sessions attended in the entire study period.
MOT, motivational counselling on physical activity.

Moderate-to-vigorous intensity physical activity assessed by the activity tracker

In brief, the main result from the activity tracker showed that pregnant women who were offered to
participate in EXE increased their weekly MVPA significantly compared to pregnant women who
were offered CON (Figure 1 and Table 2, Paper 2). Moderate-to-vigorous intensity PA was positively
associated with the number of exercise sessions attended in EXE from randomisation to delivery
(p=0.038). No difference was found on the weekly MVVPA between participants in CON and MOT
nor between EXE and MOT (Table 2, Paper 2), even though the proportion of completers were higher

that needed to detect a statistical difference between the three groups. The effect evaluation showed
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that the weekly MVPA in all three groups was lower than the stipulated effect size in the sample size
calculation, but SD’s were within the estimated range at 116 min/week (CON: 79 min/week, EXE:
110 min/week, MOT: 79 min/week).

Participants in all three groups maintained their MVVPA from randomisation to delivery (Figure 1, top
left plot, Paper 2), which contrasts with the considerable decline of PA previously reported during
pregnancy?. MVPA during the entire pregnancy among participants in CON, EXE and MOT are

shown in Figure 8.

Physical activity during pregnancy in CON Physical activity during pregnancy in EXE Physical activity during pregnancy in MOT

physical activity

Moderate-to-vigorous intensity physical activity
Moderate-to-vig s intensity physical activity

Moderate-to-vig:

10 15 20 25 30 35 40 10 15 20 25 30 35 40 10 15 20 25 30 35 40

Gestational age in weeks Gestational age in weeks Gestational age in weeks

Figure 8. Physical activity at moderate-to-vigorous intensity during pregnancy.
Moderate-to-vigorous intensity physical activity during pregnancy (gestational age in weeks) in the three FitMum groups;
CON, control group; EXE, structured supervised exercise training; MOT, motivational counselling on physical activity.

No previous studies obtained PA in pregnancy with a comparable PA tracker. However, few previous
RCTs in pregnant women carried out interventions with components similar to EXE or MOT and
assessed the PA level objectively at the same time (Table 2, orange sections). The effects of the
interventions on PA were mixed; despite the similarities with the intervention design in EXE,
Oostdam et al.*® found no significant differences in MVPA between intervention and control groups
measured with accelerometer. In contrast, Seneviratne et al.>® found that the intervention group
improved PA compared to controls measured with a cycle ergometer. Common to both studies was
that the adherence to the intervention was low with 16% and 33%, respectively, of the participants in
the intervention groups completing half of the prescribed sessions®®°. As in MOT, Currie et al.%®
found no differences in PA between the intervention with tailored face-to-face consultations and
controls. In contrast to FitMum, MVPA declined during pregnancy among participants in both
intervention and control groups in the study by Currie et al.®®.
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Low compliance to the physical activity recommendations

Based on PA tracker measurements, less than 10% of the participants in EXE and MOT achieved the
international and Danish recommendations of 150 min/week® and 210 min/week*, respectively
(calculations not shown). As presented in the background section of this present thesis, studies have
shown a varying prevalence of PA during pregnancy; a cross sectional study*’ in which 1,279 women
were included within 72 hours postpartum found that less than 8% of the women were physically
active at a minimum of 150 min/week in each trimester. In contrast, half of the 3,868 pregnant women
(47%) enrolled in a Swedish cross-sectional study from 20162 reported that they achieved the PA
recommendation, and as already mentioned 38% of a pregnant Danish population of first-trimester
pregnant women met the recommendation?®. Notably, the prevalence in these studies were assessed

subjectively and on women not enrolled in PA interventions.

Physical activity trackers as intervention facilitators

Beyond the PA trackers used as outcome measurement tools, PA trackers also can facilitate and
motivate behavioural change per se. It is unknown how and how much participants in FitMum
engaged with the tracker during the intervention period. All activity trackers were identically pre-set.
After randomisation, women in MOT were supported to personalise the tracker with, e.g., individual
goal settings and PA notifications. Participants in MOT used the tracker to a varying degree
(unpublished data); some used the tracker as a watch or followed their steps and/or sleep patterns,
while some turned on the PA and phone notifications. Participants in EXE were only instructed during
the first attended EXE session in how to observe their heart rate to aim for a moderate intensity PA
level. It is unknown how and to what degree EXE participants interacted with the tracker outside the
sessions. Similarly, it is unknown to what extent participants in CON interacted with the activity
tracker. Utilising a consumer-based wearable activity tracker as either the primary component of an
intervention or as part of a broader PA intervention has the potential to improve MVPA, steps and
energy expenditure among adults!3%-232 In the view of this, participants in CON may have increased
their PA level without engaging in planned interventions. However, we assume that a potential PA
improvement in CON would also apply for EXE and MOT. A limitation is, however, that the
accumulated pregnancy PA may be elevated in all three groups due to the underlying motivation from
simply wearing the tracker. This theory is difficult to verify because it is not possible to add a fourth
group not intervening in interventions and not wearing the tracker if the tracker is used as the
measurement tool. However, PA could be obtained by DLW?®#7 or PA recall questionnaires as an

alternative to objective measurement®384,
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Physical activity assessed by the doubly labelled water

Findings from DLW showed no differences between groups (Figure 8, Paper 2). The mean PA levels
in the three groups were: CON: 1.3+£0.1, EXE: 1.4£0.1, and MOT: 1.3+0.1. Compared to a study by
L6113, the PA levels in FitMum were lower. Lof assessed the effect on energy expenditure caused by
pregnancy induced changes in PA measured by DLW in 18 women in gestational week 32 and 21
non-pregnant women. The average PA level among pregnant women was significantly lower than the
corresponding value for the non-pregnant controls (pregnant women: (mean £ SD) 1.6+0.1, non-
pregnant women: 1.9+0.2, p<0.001). Even though L&f drew attention to the challenges of comparing
physical activity level in pregnant and non-pregnant states, LOf suggested that the lower PA level in
pregnancy compared to non-pregnant women might be because pregnant women in the third trimester

choose slower activities.

Physical activity assessed by the Pregnancy Physical Activity Questionnaire

Physical activity domains

Participants in all three groups stated that their total PA (MET-h/week) was maintained from
inclusion to the 29" gestational week but decreased from inclusion to the 35" gestational week (CON:
p=0.001, EXE: p=0.048, MOT: p<0.001) (Table 4, Paper 2). In FitMum, PA at moderate intensity
was maintained at the same level over the course of pregnancy in all three groups. As the only RCT
listed in Table 2 (intervention similar to MOT), Hawkins et al.5* assessed PA with PPAQ. They found
that participants in the intervention group had a smaller decline in the total PA and MVVPA compared
to controls (total PA: -42.7 vs. -2.1, p=0.02, MVVPA: -30.6 vs. -10, p=0.05).

Participants in MOT stated that they increased PA at vigorous intensity from inclusion to the 29" and
35" gestational week, respectively (visit 1: 1+2 MET-h/week, visit 2: 3+5 MET-h/week, visit 3: 2+5
MET-h/week, p=0.002 and p=0.026) (Table 4, Paper 2). The clinical importance of the vigorous-
intensity findings must be considered as minimal due to the low change in MET-h/week.
Participants in both EXE and MOT stated themselves more engaged in sport activities over the course
of pregnancy compared to inclusion (Table 4, Paper 2). Comparisons between the groups showed that
participation in sport activities was higher among participants in EXE compared to CON and MOT
at both the 29" and the 35" gestational week. Hawkins et al.%* (Table 2) found that the intervention
group similar to MOT had a greater increase in sport activities compared to controls.

Light-intensity activities accounted for the largest proportion of the total PA in all three groups over
the course of pregnancy. Moderate-to-vigorous intensity PA accounted for a slightly larger proportion
of the total PA in EXE than in CON and MOT, but overall, MVVPA accounted for about one-fourth
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of the total PA in all three groups (CON: visit 1: 21%, visit 2: 21%, visit 3: 21%; EXE: visit 1: 25%,
visit 2: 28%, visit 3: 29%; MOT: visit 1: 23%, visit 2: 25%, visit 3: 24%, (Table 4, Paper 2) (specific

calculations not shown).

Impact of the COVID-19 restrictions

From physical to online interventions
The FitMum study design was acutely converted into an online format when the COVID-19
restrictions made it impossible to continue the original physical setup. Most participants (55%)

received the physical intervention only, and 29% received the online intervention only (Figure 9).

Changes
due to Covid-19
Mar 11" 2020

S
& '.‘s"
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First visit > > Last visit
Oct 1512018 June 9" 2021
AN ~ J ~ J
120 women 63 women
received only physical interventions and recevied only online interventions and
visits — visit
36 women
received physical and online interventions
and visits

Figure 9. Timeline and distribution of participants in relation to COVID-19.

The adherence rate in EXE increased significantly to just above half of the recommended
sessions/week during the online setup compared to the physical but still remained low (online: 1.6
[95% CI, 1.3;2.0] sessions/week, physical: 1.1 [0.9;1.4] sessions/week, p=0.027) (Figure 6, Paper 2).
The distribution of attendance for participants who received the physical and the online version of
EXE are illustrated in Figure 10.
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Figure 10. Attended sessions in the physical and online version of EXE.
Sessions are registered from randomisation to delivery among all participants randomised to EXE.

Moderate-to-vigorous intensity PA did not differ correspondingly (CON: -14 [-49;22] min/week,
p=0.444, EXE: -16 [-42;11] min/week, p=0.251, MOT: -6 [-37;25] min/week, p=0.712) (Figure 6,
Paper 2) despite the fact that MVVPA was positively associated with the number of EXE sessions
attended from randomisation to delivery in the original setup. The first part of the online EXE sessions

was self-administrated, and it is unknown if and how the participants were physically active.

Semi-structured interviews of 24 pregnant women who participated in an online group exercise
program during the COVID-19 restrictions'®3, revealed that pregnant women felt safe during home-
based exercise training. The women reported increased accessibility to be physically active and

expressed that they had more time than before the restrictions to participate in exercise sessions.

COVID-19 reduced physical activity

Recently published studies from the UK and US show that COVID-19 restrictions imposed to reduce
infection rates disrupted the everyday life of pregnant women; sedentary time was increased, and PA
decreased due to fear of leaving the house and thus increasing the risk of being infected*3*1%, These
findings are in line with the impact of COVID-19 on Danes' PA behaviour'®; younger adults and
adults (70 and 77% of those being women) experienced a decrease of 21 and 6%, respectively, in
mean min of PA/week. It appears that during a pandemic like COVID-19 it is even more difficult to
comply with national PA guidelines than it was before the restrictions. Converting the FitMum
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interventions into online delivery did not affect MVVPA, but it did increase the attendance in EXE. It
might be assumed that the home-based exercise training was less time-consuming since commuting
was not necessary. A result of this could be higher attractiveness and flexibility as the process

evaluation of the DALI trial® suggested.

Paper 3: Reach, fidelity, dose and mechanisms of impact of the structured supervised exercise
training and motivational counselling on physical activity

The last part of this section will present the main results of Paper 3 and place them in a discussion

with the context of international state-of-the-art research within the area of PA in pregnancy.

Reach

The majority (78%) of the included participants in FitMum were introduced to the study in connection
with either booking or attending their first-trimester ultrasonic scan. Participants included were a
selected group of women with interest in contributing to research and a general interest in their own
and their child's health. Participants in both intervention groups reported a high degree of autonomy
in planning their work and everyday life including PA, which gave them an advantage in participating
in the interventions. These findings correspond to the assumptions of selection bias presented in the
section of ‘Participant representativeness’. It must be considered that attendance and PA might have

been lower among participants with lower socio-economic status.

Dose and fidelity

Both interventions were delivered with a high degree of fidelity before and during the COVID-19
onset. Participants in EXE found it difficult to reconcile the intervention with everyday life; they
expressed that the intervention accessibility was high, but to attend sessions the women were
dependent on social support and high working-time autonomy. In the light of the recently proposed
new classifications for absolute and relative contraindications of engaging in prenatal PA?8, Moholdt
and Hawley spoke of a possible new trend when they suggested that pregnant women could exercise
at vigorous intensity'®?, Moholdt and Hawley argued that PA at vigorous intensity would be time-
intense and time-efficient, which is in line with the fact that lack of time is one of the most common
barriers to PA participation among pregnant women*3-13°_ Including vigorous intensity PA could
potentially increase the PA adherence in pregnant women. A meta-analysis of eight cohort studies
(n=7,225) and five RCTs (n=623) on pregnant women performing prenatal vigorous intensity PA
indicated that vigorous intensity PA completed into the third trimester appeared to be safe for most

healthy pregnancies'®°. The current Danish PA recommendations advise against vigorous intensity
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PA in pregnancy if the pregnant women are not used to exercise at this intensity. Pregnant women
habitually engaging in vigorous intensity PA can continue. However, they are advised against
exhausting activities such as long distance running® which is supported by the World Health
Organisation and ACOG2. Noteworthy is that healthy pregnant women in Australia recently have
been recommended to exercise at vigorous intensity'**!42, This could point to more offensive

recommendations on prenatal PA in the future offering more PA for more women.

Shorter but more frequent exercise sessions

As previously mentioned, the design of EXE was inspired by a RCT by Wang et al®®. They reported
a relatively high attendance rate where 90% of the participants attended more than 80% of the
program. The intervention periods in Wang et al. and FitMum were almost equal (26-27 weeks) but
the total number (mean + SD) of exercise sessions attended in Wang et al. was 73+10 ranging from
60 to 130 sessions in the intervention period, which is more than twice as many sessions attended in
EXE (mean 34, 95% ClI, 29;39). One explanation could be that the duration of the sessions (35+6
min) was lower in the study of Wang et al. compared to the one-hour sessions in EXE. It might be
assumed that lower duration and higher frequency of the exercise sessions would be the most efficient
way to increase PA. As previously mentioned, Seneviratne et al.>® found low adherence to the
intervention but increased PA by implementing a design with shorter but more frequent sessions.
However, it must be taken into consideration that some participants could feel that they did not ‘gain
enough’ due to the lower duration but the same transportation time. In contrast to the study by Wang
et al.®%, no lower limit of adherence to the interventions was predefined in FitMum, and participants,
regardless of participation level, were included in the analyses. If participants in EXE were asked to
attend no less than three sessions/week as in Wang et al., the adherence rate could have been
increased. However, a strict adherence limit could have also increased the overall dropout rate in the

study.

A detailed distribution of the attendance in MOT is shown in Figure 11. It shows that 40% of
participants in MOT attended all seven counselling sessions (left figure). The distribution of group
and individual sessions differ among participants randomised to MOT (n=87) and participants still
included in MOT (those who are not lost to follow-up). Among participants still included, the
individual sessions are the most attractive (right figure). Of the 87 participants randomised to MOT,
85% (n=84) were still included at group session 1 (G1), 93% (n=81) at individual session 1 (11), 92%
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(n=80) at individual session 2 (12), 87% (n=76) at individual session 3 (13), 87% (n=76) at group
session 2 (G2), 84% (n=73) at individual session 4 (14) and 82% (n=71) at group session 3 (G3).
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Figure 11. Attendance in motivational counselling on physical activity.

Left figure: Number and percentage of attended MOT sessions. Right figure: Type of MOT session attended. Light red:
Participants randomised to MOT. Dark red: Participants randomised to MOT and still included (not lost to follow-up). G,
Group counselling sessions; I, Individual counselling sessions; MOT, motivational counselling on physical activity.

Mechanisms of impact

Participants in EXE and MOT expressed opposing mechanisms of impact (Paper 3). The structured
sessions in EXE represented a commitment to others and resulted in participants in EXE not having
to ‘renegotiate’ to prioritise PA. Further, participants in EXE expressed that social support had a
decisive impact on their participation as they became dependent on practical support from their
partners. As in the process evaluation of the DALI study®?, it was revealed that especially participation
in the EXE intervention was very time-consuming for the participants and that participation affects
everyday life including time spend with family (Paper 3). Participants in EXE felt an increased
confidence when PA was supervised by competent health professionals, whereas participants in MOT
perceived a themselves empowered towards PA as they planned the PA with health professionals but
performed the activity on their own. Support from health professionals was appreciated among
participants in both EXE and MOT as some felt insecure with being physically active on their own
or without guidance because they were nervous about exercising incorrectly. Individual adaptations
towards the PA had a significant impact on women's desire and ability to participate in PA despite
the experienced barriers of physical discomforts. As in the process evaluation of UPBEAT®, the
findings from the process evaluation of FitMum (Paper 3) argued for designing PA interventions with
some degree of tailoring to strengthen intervention adherence. Even though the process evaluation of
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UPBEAT® did not include the dimension of ‘mechanisms of impact’, they added a recommendation
that a ‘one size fits all’ approach may not be effective, and emphasized that flexibility is key to

retention.

Perceptions of PA were opposing in EXE and MOT which affected their engagement in PA.
Participants in EXE perceived PA as limited to a certain timeslot and environmental-dependent as
they attended a session, performed the PA, and then returned to home. They did not consider other
types of activities in the overall impression of their PA level. In contrast, participants in MOT were
more likely to integrate PA in their everyday life activities, example via active commuting, and
recognised activities with lower intensity such as walking with the stroller, daily chores, and family
activities as sufficient PA, however with less focus on intensity. The participants in MOT perceived
themselves more active than objectively measured, which might be explained by the fact that they
were made intensively aware of their PA at counselling sessions and by the SMS they received every

week.
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Conclusions

The main aim of this PhD thesis was to investigate how healthy, inactive pregnant women could
implement PA in everyday life by offering them CON, EXE, or MOT (Paper 1 and 2). Moreover, the
thesis aimed to explain the reach, fidelity and dose of two PA interventions and to understand the
mechanisms of impact in relation to their effect (Paper 3).

Results from the wrist-worn PA tracker (Paper 2) showed that women offered EXE were more
physically active at moderate-to-vigorous intensity throughout the pregnancy than those offered
CON. However, no difference was found in MVPA between women offered CON or MOT nor
between EXE or MOT. MVPA was maintained at the same level during the entire pregnancy in all
three groups, and MVPA was positively associated with the number of exercise sessions attended.
However, participants in EXE attended less than half of the recommended sessions. Interestingly,
participants who received the online EXE intervention due to COVID-19 restrictions joined more
exercise sessions compared to those who received the physical intervention only. However, MVPA
did not differ between participants who received the physical or the online intervention. Neither DLW
assessed at the 29" week of gestation nor PPAQ-DK (the total PA component) assessed at the 29™
and 35" weeks of gestation showed any PA differences between the three groups. However,
participants in MOT indicated in PPAQ-DK that they increased the level of vigorous intensity PA at
the 29" and 35" weeks of gestation compared to at inclusion.

Findings from the mixed methods process evaluation of the two PA interventions (Paper 3) revealed
that participants included in the FitMum study was a selected group of educated pregnant women.
They had a high everyday life autonomy by which they could structure and organise their working
life with large flexibility. These practical and contextual factors interacted more than anticipated with
participation in especially EXE and are considered as important to consider in PA interventions
during pregnancy. EXE and MOT were well delivered with high fidelity during the FitMum study.
Although the interventions were altered into online setup due to the COVID-19 restrictions the
interventions were still well delivered with high fidelity. The dose received in EXE was low which
might be explained by the fact that participation in EXE affected the everyday life including time
spend with family. Participants in EXE and MOT perceived a conflict between spending time on PA
and family obligations. The dose received increased in the online setup which might be explained by
the fact that the everyday lives of the participants were organised differently during the COVID-19
restrictions. In general, it was revealed that participation in EXE was mainly feasible for women with

high working-time autonomy even though the intervention accessibility was high.
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Mechanisms of impact comprised of a perception of commitment to the intervention among
participants in EXE, whereas a perception of empowerment and autonomy towards PA was essential
among participants in MOT. The perception of PA was different in the two intervention groups as
participants in EXE perceived PA as the EXE sessions only. They considered PA as activities only
with a certain level of intensity and focused particularly on bodily capacities, changes and appearance
that PA brought. In contrast, participants in MOT had a wider perception of PA and recognised all
daily activities, including activities with lower intensity, as sufficient PA. Participants in MOT
preferred that PA did not limit their presence in family matters and often scheduled PA as active
commuting or including family in the PA performance. Participants in MOT perceived themselves
more vigorously active than what was objectively measured (Paper 2), which might be caused by the
intense PA attention in the MOT intervention (Paper 3). Findings from the process evaluation of the
two PA interventions in FitMum supported a complexity in PA and the interacting components by
which pregnant women are affected. To optimise the effectiveness of interventions addressing PA in
pregnancy, barriers to intervention attendance and the perceptions of commitment, PA empowerment
and PA perceptions need to be addressed. It does not appear that one single strategy or component is

able to increase PA sufficiently.
Perspectives for the future

Based on the most effective intervention on PA during pregnancy (EXE) presented in Paper 2, the
explanatory findings of reach, fidelity, dose and mechanisms of impact in Paper 3, and the
international state-of-the-art research within the area of PA in pregnancy, a combination of physical
attendance and home-based, online exercise sessions might be beneficial intervention to increase the
attendance rate and the PA among pregnant women. The total time spent on PA and the practicalities
of PA will be less, and the flexibility and accessibility of the intervention will be greater.

Currently, the FitMum participants’ 1-year postpartum PA are continuously assessed by the wrist-
worn PA tracker. Data will reveal the sustainability of PA and add knowledge to the comprehensive
insight obtained in FitMum into PA in pregnancy. Moreover, data on PA self-efficacy (obtained by
Pregnancy Exercise Self-efficacy Scale, P-ESES), PA behavioural regulation (obtained by the
Behavioural Regulation In Exercise Questionnaire, BREQ) and quality of life (obtained by the 36-
Item Short Form Health Survey, SF-36) will uncover further dimensions of the FitMum interventions.
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ABSTRACT

Introduction A physically active lifestyle during
pregnancy improves maternal and offspring health

but can be difficult to follow. In Denmark, less than

40% of pregnant women meet physical activity (PA)
recommendations. The FitMum study aims to explore
strategies to increase PA during pregnancy among women
with low PA and assess the health effects of PA. This
paper presents the FitMum protocol, which evaluates

the effects of structured supervised exercise training or
motivational counselling supported by health technology
during pregnancy on PA level and health of mother and
offspring.

Methods and analysis A single-site three-arm
randomised controlled trial that aims to recruit 220
healthy, pregnant women with gestational age (GA) no
later than week 15 and whose PA level does not exceed
one hour/week. Participants are randomised to one of three
groups: structured supervised exercise training consisting
of three weekly exercise sessions, motivational counselling
supported by health technology or a control group
receiving standard care. The interventions take place
from randomisation until delivery. The primary outcome

is min/week of moderate-to-vigorous intensity PA (MVPA)
as determined by a commercial activity tracker, collected
from randomisation until GA of 28 weeks and 0-6 days,
and the secondary outcome is gestational weight gain
(GWG). Additional outcomes are complementary measures
of PA; clinical and psychological health parameters in
participant, partner and offspring; analyses of blood,
placenta and breastmilk samples; process evaluation of
interventions; and personal understandings of PA.

Ethics and dissemination The study is approved by the
Danish National Committee on Health Research Ethics

(# H-18011067) and the Danish Data Protection Agency
(# P-2019-512). Findings will be disseminated via peer-
reviewed publications, at conferences, and to health
professionals via science theatre performances.

Trial registration number NCT03679130.
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2% Bente Stallknecht’

Strengths and limitations of this study

» The efficacy of structured supervised exercise
training and motivational counselling supported by
health technology to improve physical activity and
reduce weight gain of pregnant women is directly
compared in a randomised controlled trial.

» The trial involves complex interventions and is held
in one site only, so generalisability and fidelity might
be a concern. Yet, as one of the additional outcomes,
a process evaluation is conducted alongside the trial
to explore how the interventions are carried out and
adapted.

» The study is comprehensive and multidisciplinary in
its design. Many different methodologies are used,
and mother, partner and offspring are studied.

» Activity trackers can increase physical activity lev-
el and are feasible tools in everyday life, but com-
mercial activity trackers have limited validity for the
quantification of physical activity.

» Physical activity is extensively measured using three
different methods: commercial activity trackers,
gold standard doubly labelled water and the validat-
ed Pregnancy Physical Activity Questionnaire.

Protocol version This paper was written per the study
protocol version 8 dated 28 August 2019.

INTRODUCTION

Although the health effects of PA are widely
acknowledged, the means of how to best
implement and maintain PA in everyday life
are lacking.' Pregnancy can be regarded as
a window of opportunity to implement good
habits of PA as pregnant women are in regular
contactwith health professionals and are likely
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motivated to adopt healthy behaviours, as illustrated by
reduced alcohol consumption and smoking cessation.*™
However, pregnancy can be seen as an opportunity to be
exempt from fitness demands and bodily ideals and can
be experienced as a troublesome time due to fatigue and
discomfort.” ® Moreover, pregnancy is a relatively short
period of time in regards to forming new habits’ and
that may affect the motivations and challenges in being
physically active. Furthermore, differences in work status,
social relations and family situations, as well as varying
material and structural conditions, may contribute to the
implementation of PA.”

Insufficient PA is a global problem® that occurs also
during pregnancy.*'? It is a significant public health
issue, as increasing evidence suggests that lifestyle during
pregnancy influences health in the mother and her
offspring.* ' Regular PA during pregnancy promotes clin-
ical and metabolic health in both mother and offspring
and reduces the number of complications during preg-
nancy and delivery."*™" PA reduces GWG,**™* the risk
of gestational diabetes mellitus,”” ™ the intensity of low
back pain® and the risk of caesarean delivery™ * =7
and improves maternal body composition.”® Addition-
ally, a physically active pregnancy improves the health of
the offspring by normalising birth weight,? reducing the
risk of preterm delivery®® * and improving neonatal body
composition* ** as well as placental function,* * which
results in optimised intrauterine growth conditions.

The Danish Health Authorities recommend that healthy
pregnant women are physically active for at least 30 min/
day at moderate intensity,” but only 38% of Danish preg-
nant women achieve this recommended level.** Several
barriers to PA during pregnancy are addressed in the
literature,"” including anxiety about overdoing exercise,
low motivation to adopt an active lifestyle during preg-
nancy, changing energy levels throughout the pregnancy
and lack of time to be physically active.* The latest
recommendations on lifestyle interventions during preg-
nancy support individualised advice on how to increase
the PA level rather than a generic approach,’ as pregnant
women prefer personalised information.*’ Consequently,
policymakers, healthcare professionals and pregnant
women advocate for evidence-based guidance on how to
implement PA in everyday life during pregnancy safely
and effectively, with approaches that meet the needs,
preferences and choices of the pregnant woman.

During the past decades, many PA intervention studies
in pregnant women have been conducted on over-
weight and obese populations® #* 2% 285057 55 well as in
healthy normal-weight pregnant women.*’ 2! 2 33 5861
Still, none of these studies have focused primarily on
investigating the effect of the exercise interventions on
actual PA level in pregnant women nor have they used
novel objective methods to measure actual PA levels.
Structured, supervised exercise training and motivational
counselling have been applied separately in pregnant
women, 0?1 23 2420 28 523550-55 5863 14¢ the relative efficacy of
these interventions has not been compared; this hampers

the evidence-based implementation of effective exercise
programmes into everyday life.

Objective

This paper describes the protocol of the FitMum study,
which is a randomised controlled trial (RCT). The
FitMum RCT aims to evaluate the effects of structured
supervised exercise training (EXE) and motivational
counselling supported by health technology (MOT)
compared with standard care (CON) on PA level and
GWG during pregnancy. Additional aims of the study
are to investigate the effects of EXE and MOT on clin-
ical and metabolic health parameters in both mother and
offspring. We will also explore how the FitMum exercise
programmes are carried out and adopted by conducting
a process evaluation. In addition, we explore the personal
attribution of meaning to the experiences and practices
of PA among participants. Furthermore, we investigate
how social, structural and cultural factors facilitate or
hinder the successful implementation of exercise during
pregnancy.

METHODS

Study design

The FitMum RCT is a single-site, three-arm randomised
controlled trial study.

Setting

The study is carried out at the Department of Gynae-
cology and Obstetrics, Nordsjaellands Hospital (NOH),
Hillerod, in the Capital region of Denmark, where
approximately 4000 women give birth per year. NOH is
a public hospital, and participation in FitMum is free of
charge.

Participants

This study aims to include 220 healthy, pregnant women.
Inclusion criteria are obtained written informed consent,
maternal age of 18 years or older, gestational age (GA)
of maximum 15 weeks, ultrasonic-confirmed viable intra-
uterine pregnancy, body mass index of 18.5-45kg/ m?
and body weight <150kg (prepregnancy weight or first
measured weight in pregnancy), ability to wear a wrist-
worn activity tracker 24/7 until oneyear postpartum and
having a smartphone. Exclusion criteria are structured
exercise at moderate-to-vigorous intensity for more than
one hour/week during early pregnancy, previous preterm
delivery, obstetric or medical complications, multiple
pregnancies, inability to speak Danish, or alcohol or drug
abuse.

Recruitment and inclusion

Participants are recruited: (1) via booking confirmation
of afirst-trimester scan, (2) atface-to-face meetings during
the first-trimester scan and (3) through posters, flyers and
social media. Before inclusion, interested women answer
an online, one-page prescreening questionnaire. Eligible
participants and their partners are invited to the first
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visit at NOH as soon as possible and no later than GA
of 14 weeks and 6days. At visit 1, the woman is verbally
informed about the study and screened according to
inclusion and exclusion criteria. Women who have not
had a first-trimester scan are vaginally scanned to confirm
a singleton, viable intrauterine pregnancy. All eligible
women are included, and written informed consent is
obtained (online supplemental file 1). Written informed
consent is also obtained from the partner as biological
samples are collected from the offspring and from the
partner (online supplemental file 2). After inclusion, we
obtain anthropometric and demographic information, a
blood sample as well as a short semistructured interview
with the participant. The interview provides knowledge of
the participant’s thoughts on participating in a research
project, knowledge of prior and current PA level, and
experiences with health technologies.

At the end of visit 1, the participant receives a commer-
cial activity tracker, Garmin Vivosport. The participant is
instructed to wear the tracker continuously 24/7 from

the oneweek baseline period until oneyear postpartum,
except during charging. The activity tracker is water resis-
tant and determines the frequency, duration and intensity
of activity periods on a minute-to-minute basis. The data
from the activity tracker are wirelessly synced to the asso-
ciated app, Garmin Connect, provided by Garmin Inter-
national, and the research platform Fitabase (Small Steps
Labs LLC), through which the compliance of wearing
and synchronising the data from the tracker are continu-
ously monitored during the study.

Baseline period and randomisation

After inclusion, the baseline PA level of the participant
is measured by the activity tracker for oneweek. After
the baseline period, participants are randomised into
the EXE, MOT and CON groups (figure 1). The target
number of participants randomised to each group is 88,
88 and 44, respectively, in order to have more participants
in the intervention groups. Randomisation is performed
via a numbered randomisation list administered

Figure 1 Flow diagram of the FitMum RCT.
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through the database Research Electronic Data Capture
(REDCap), and the investigators are blinded to the proce-
dure. Blinding of participants is considered impossible
due to the inherent content of the exercise interventions.
The participant is informed about the assigned group by
email, and participants in EXE and MOT receive written
information containing guidelines from the Danish
Health Authorities about PA during pregnancy.

Patient and public involvement

Template for Intervention Description and Replication®
was used as inspiration for the development and descrip-
tion of the study. As a part of the development phase,
stakeholders in the field were involved in discussions and
sharing of knowledge. Additionally, 27 semistructured
interviews with Danish pregnant women, midwives and
obstetricians were performed to explore the feasibility
of such a study as well as the motivational factors and
barriers to PA during pregnancy. Participants are not
directly involved in the recruitment and conduct of the
study, but a process evaluation is conducted, and personal
understandings of the participants are obtained via inter-
views (see further). The insights from the study will be
shared with the participants at an information meeting
after the end of the study.

Interventions

Standard care at the hospital

All three groups are offered the standard care that applies
to women giving birth at NOH. This consists of three
appointments with their general practitioner (GA weeks
6-10, 25 and 32), five to six midwife consultations (GA
weeks 14-17, 29, 36, 38, 40 and if still pregnant around
week 41 as well) and ultrasonic scans at GA weeks 12 and
20.

Standard care control group (CON)

Participants in CON wear an activity tracker to determine
their activity level. The face of the tracker looks like a
normal watch showing only time and battery life.

Structured supervised exercise training intervention (EXE)

The targeted PA level for all participants in EXE and MOT
is at least 30 min/day at a moderate intensity as recom-
mended to healthy pregnant women,® and all participants
are informed hereof if randomised to EXE or MOT. In
EXE, exercise training takes place in teams and is super-
vised by health professionals (exercise physiologists, phys-
iotherapists and public health scientists). It consists of
threeweekly 1-hour exercise sessions at moderate inten-
sity, including two exercise sessions in a gym and one
in a public swimming pool. The gym sessions consist of
a combination of aerobic and resistance training with
30min stationary bike training (a combination of hill
climbing and high cadence intervals) and 30min of
other exercise, for example, elastic bands, exercise balls,
mats, dumbbells or body weight. In the swimming pool,
participants do 15 min of swimming and 45 min of water
exercises with plates, balls, dumbbells or body weight.

Moderate intensity during training sessions is assessed
using both heart rate monitoring of 65%-80% of age-
predicted maximal heart rate (from the activity tracker)
and perceived exertion in the range of 12-14 on Borg’s
conventional 6-20 point scale,64 as recommended by the
American College of Obstetricians and Gynaecologists.'*
If a participant experiences any pain or needs to decrease
intensity, the content of exercise sessions (repetitions
and/or resistance) is individually adjusted accordingly.
Special attention is paid to the newly recruited partic-
ipants. Exercise sessions are offered at seven different
times per week, and participants are recommended to
sign up for three of these sessions. The sessions are held
early mornings or late afternoons all weekdays and before
noon on Fridays and Saturdays.

Motivational counselling supported by health technology (MOT)
This intervention is composed of four individual and
three group counselling sessions as well as weekly SMS
reminders. The overall focus of both the individual and
group counselling sessions is based on what already moti-
vates the participants to increase or maintain their PA
level. The motivation technique applied is inspired by
motivational interviewing,65 self-determination theory66
and behaviour change techniques.67

All four individual sessions last onehour and are led
by professional health counsellors (exercise physiolo-
gists, physiotherapists and public health scientists). The
sessions aim to discuss the participant’s barriers, wishes,
needs, knowledge and former PA experiences to identify
individual characteristics and motivation towards a more
physically active lifestyle. Aside from measuring the PA
level, the activity trackers are also used as an intervention
element to motivate the participants to increase their PA
levels.” During individual sessions, feedback on recent PA
performances is provided based on activity data acquired
from the activity tracker, in order to give the participants
insight into their PA level. The participants will, with guid-
ance from the counsellor, set their own activity goals and
make an individual action plan to increase the PA level,
which may have a motivating effect on PA behaviour.”® *
Individual sessions are scheduled during the daytime as
conveniently for the participant as possible.

The first group session lasts one hour and aims to inform
the participants about guidelines for PA, benefits asso-
ciated with PA during pregnancy and possible ways to
increase PA during pregnancy. In the following two
2-hour group sessions, the interaction between the partic-
ipants is used to create meaningful group processes such
as support, experience exchange, reflection, learning
and development. These sessions focus on the discussion
of relevant topics concerning PA during pregnancy, and
the counsellor acts as a facilitator through the session,
with the topics of conversation chosen by the partici-
pants. Issues like postpartum PA, the pelvic floor, uterine
contractions, abdominal muscles and diastasis recti, and
myths about pregnancy PA are discussed. Group sessions
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are held late afternoons or before noon for those on
maternity leave.

The weekly SMS reminders have supportive and moti-
vating content and are used to encourage the participants
to achieve a moderate PA level. The texts are chosen
based on every participant’s PA level during the last week
measured by the activity tracker. One example of the
text: ‘You have been exercising regularly for an extended
period of time. Well done. Good habits make it easier for
you to continue as your belly gets bigger and heavier’.

Outcome measures
The data collection procedures are illustrated in table 1.

Primary outcome: moderate-to-vigorous intensity physical activity
The primary outcome of FitMum RCT is min/week of
MVPA measured continuously from randomisation to GA
of 28 weeks and 0-6days as determined by a wrist-worn
activity tracker, Garmin Vivosport, with a builtin heart
rate monitor and accelerometer.

Secondary outcome: gestational weight gain

Body weight of the participant before pregnancy is self-
reported. The body weight during pregnancy is measured
four times from inclusion until delivery on the same
scale (Seca 799) with the participant in light clothes and
without shoes.

Additional outcomes

Complementary measures of physical activity

Complementary measures of PA are obtained by the
Danish version of ‘Pregnancy Physical Activity Question-
naire’ (PPAQ)” named PPAQ-DK and by the doubly
labelled water technique.71

PPAQ is a semiquantitative and subjective instrument,
which has been validated” and is considered one of the
most valid and reliable questionnaires for the assessment
of PA level in pregnant women.”? Our research group has
translated PPAQ to Danish and validated it in a Danish
pregnant population.73

The doubly labelled water technique is the ‘gold stan-
dard’ technique to measure free-living energy expendi-
ture objectively and is safe, even for pregnant women, as it
relies on stable, non-radioactive isotopes.74_77 The partic-
ipants are administered a glass of water for oral intake
containing 0.1g of 99.8% *H,0 and 1.6g of 10% '*O per
kg body weight. In total, five postdose urine samples are
collected in the morning (not the first urine void of the
day); on the day after oral water dosage; and after four,
seven, 11 and 14 days. The urine samples are stored in the
participant’s freezer and later at —-80°C.

In addition, the PA of the participants is determined
from GA week 29 until delivery and in the first year post-
partum by the activity tracker. The measures of PA include
active calories, active time, steps, heart rate, moderate-
intensity and vigorous-intensity activity, floors climbed,
MET-min/week and type of activity, which is recognised
automatically by the tracker.

Clinical and psychological health parameters in participant, partner
and offspring

A variety of clinical and psychological health parameters
are obtained from the participant, her partner and her
offspring. Clinical data regarding pregnancy, delivery and
neonatal outcomes are collected from medical records.
Health-related quality of life is determined in the partic-
ipant by the Danish version of the Medical Outcomes
Study Short Form 36,78 ™ which has also been validated
in pregnant women.*" Exercise self-efficacy is determined
by the Danish version of the Pregnancy Exercise Self-
Efficacy Scale (P-ESES) S P_ESES has been translated into
Danish and validated in a Danish pregnant population by
our research group.* PA motivation is determined by the
Danish version of the Behavioural Regulation in Exercise
Questionnaire (BREQ-2),*™ which is the most widely
used measure of the continuum of behavioural regulation
in exercise psychology research. Sleep quantity and quality
are assessed in the participant by the activity tracker and by
the Danish version of the self-administered questionnaire
Pittsburgh Sleep Quality Index (PSQI).* *" The PSQI is
considered a valid and reliable tool to assess sleep metrics
among pregnant women.® In addition, a validation of
activity trackers to measure sleep will be conducted using
polysomnography in a subgroup of women already partic-
ipating in the FitMum study. Sick leave and pelvic and low
back pain are registered by asking the participant whether
she has been absent from work/study and on sick leave
during her pregnancy and whether she has experienced
pelvic and/or low back pain before and during her preg-
nancy. Maternal body composition is determined from total
body water measured by doubly labelled water technique
and by a postpartum dual-energy X-ray absorptiometry
(DXA) scan. Offspring growth: head circumference, length
and weight is measured at birth and by general practi-
tioners at fiveweeks, fivemonths and 12 months post-
partum. Participants receive an electronic questionnaire
and fill out the anthropometric data along with infor-
mation on offspring dietary habits and vaccine status.
Parental mental well-being is assessed six to eight weeks
after birth. Both parents or holders of custody receive
a questionnaire consisting of the Edinburgh Postnatal
Depression Score and Gotland Depression Scale, which
are combined as a screening tool for postnatal depres-
sion® in Danish postnatal care. Psychomotor development
of the offspring is assessed by the validated Ages and Stages
Questionnaire 3 (ASQ-3), which is administered electron-
ically to participants 12 months after the due date. ASQ-3
pinpoints developmental progress in the fields of commu-
nication, gross motor, fine motor, problem solving and
personal-social skills. The administration of ASQ-3 rela-
tive to due date and not to birth date aims to correct for
variance in cognitive and motor skills due to premature
birth. Offspring physical activity is assessed for seven days by
an infant activity tracker (Actigraph GT3X+) 12 months
after the due date. The tracker detects level, intensity and
pattern of physical activity.
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||

Email

Visit 1 randomisation Visit2 Visit3 Visit4

Delivery

Visit number Visit 5

Screening and - 7 T7-14days
baseline testing  One week after Week Week Approximately after
max. 1540 inclusion 28+0-6 34+0-6 week 40 delivery

One year

Gestational age (week+days) after delivery

Oral information about the study X

Demographic, anthropometric, sickness X X X X
absence and pelvic/low back pain data

Demographic and anthropometric data of the x
participant’s partner

Activity tracker and associated oral and x
written information

Methodology for obtaining outcomes

Six times at
home during
the first year
postpartum

Maternal body weight X X X X X

Questionnaires: PPAQ-DK, SF-36, PSQIl, P-  x X x x
ESES, BREQ-2

Paternal blood sample X

Placenta samples X

Breastmilk sample

X

Observation and autodocumentation Recurring

Five weeks,
and five and
12 months

Growth assessment at general practitioner

7-day child accelerometer X

Record adverse events X X

ASQ-3, Ages and Stages Questionnaire 3; BREQ-2, Behavioural Regulations Exercise Questionnaire; DXA, dual-energy X-ray absorptiometry; PA, physical activity;
P-ESES, Pregnancy Exercise Self-efficacy Scale; PPAQ-DK, Pregnancy Physical Activity Questionnaire (Danish version); PSQI, Pittsburgh Sleep Quality Index; SF-
36, The Medical Outcomes Study Short Form 36.

Analyses of blood, placenta and breastmilk samples

Plasma metabolites and hormones are assessed in maternal
and paternal venous blood. The blood samples will be
analysed for concentrations of glucose, cholesterol (total,
high and low density), triglyceride, free fatty acids, amino

acids, interleukin-6, and C reactive protein. Venous blood
is obtained from the umbilical cord within 30 min after
delivery of the placenta. The blood will be analysed for
concentrations of glucose, cholesterol (total, high and
low density), triglyceride, insulin, c-peptide, free fatty
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acids, amino acids, adiponectin and leptin. Furthermore,
epigenetic profiling at the level of DNA methylation will
be performed in maternal, paternal and umbilical cord
blood mononuclear cells. Bioinformatic comparison of
DNA methylomes from parents and offspring will infer
on the DNA methylation marks that are modulated
by maternal exercise and transmitted to the offspring.
Information on DNA methylomes from each parent will
allow us to distinguish between maternally and paternally
epigenetic profiles transmitted to the offspring. Principal
component analyses will be used to identify the specific
metabolic or anthropometric features of the mother that
are associated with a specific DNA methylation footprint
transmitted to the offspring. Placental function is assessed
from samples taken within 30min after delivery of the
placenta. The samples are immediately frozen on dry ice
and stored at —80°C. Analyses will include RNA-seq, non-
targeted metabolomics, RT-qPCR, Western blot, histology
and immunohistochemistry. Breastmilk is obtained from a
single feed at the day of visit 5 and stored at -80°C for
later metabolomic and lipidomic analyses.

Process evaluation of interventions

A process evaluation is made using quantitative and
qualitative methods to provide insight into mechanisms
through which interventions bring about change, assess
fidelity and quality of implementation, clarify causal
mechanisms and identify contextual factors associated
with variations in outcomes.”™ Integrating process
evaluations alongside outcome data is recommended by
the UK Medical Research Council guidelines in order to
develop and evaluate complex interventions to improve
the interpretation of the outcomes, design more effec-
tive interventions and apply interventions appropri-
ately across groups and settings by understanding the
implementation and functioning of interventions in a
given context.” % The Reach, Effectiveness, Adoption,
Implementation, and Maintenance framework is used to
improve reporting on key issues related to the implemen-
tation and external validity of FitMum RCT.”

Personal understandings of physical activity

The qualitative dataset is composed of 220 short stan-
dardised screening interviews, 30 semistructured inter-
views, 70 observations, five sets of autoethnographies,
visual material, as well as drop-out and follow-up inter-
views. This subproject will explore the physical and
mental health and well-being of the participants, their
social relations, PA levels and their experience of preg-
nancy to identify the challenges and barriers of PA during
pregnancy. Personal understandings of PA in the everyday
life of participants are determined at inclusion, GA week
34 and oneyear postpartum, in approximately ten partic-
ipants from each of the three study groups.

Changes during the COVID-19 pandemic
Due to the COVID-19 pandemic (present in Denmark
from 11 March 2020), supplies of interventions (EXE and

MOT) and visits are periodically changed. During the
lockdown period in spring 2020, all visits (except birth)
are converted into online versions using Zoom Cloud
Meetings or telephone. From 11 March 2020, in EXE,
the swimming pool sessions are replaced with online land
exercises and all land exercise sessions consist of 30 min
of aerobic exercise where the participants exercise on
their own (eg, biking, power-walking, dancing and aero-
bics) followed by 30 min of supervised online group resis-
tance training. All individual and group MOT sessions are
held online.

As much data as possible are collected during the
pandemic, but some clinical data have not been possible
to obtain in all participants due to limitations on non-
urgent visits to the hospital. No blood samples are
obtained at the virtual ‘visits’, women are weighed at
home and symphysis-fundal height measurements are
not obtained. No doubly labelled water is administered at
the virtual ‘visit’ 2. The participant’s body weight at visit
4 is noted by the midwives on the day of giving birth, but
biological samples are not collected. No DXA scans or
breastmilk samples are collected at ‘visit’ 5.

Data management and analysis

Data management

The activity tracker data are collected by Fitabase, which
regularly backs up the data. A participant who does
not synchronise the tracker for sevendays or more is
reminded by email, text message or phone call. All tracker
data are exported from Fitabase to R” for data analysis.
Tracker data are used to calculate non-wear time; a week
is included in the analysis if the week has four or more
days with complete data. A day that has six hours or more
of non-wear time is excluded and considered a missing
day. An electronic case report form (e-CRF) is used to
collect all clinical data related to the trial. Data are stored
in coded form according to the rules of the Danish Data
Protection Agency. Personal data processing complies
with the Act on Processing of Personal Data. Data are
owned by NOH and University of Copenhagen. Use of
data generated in FitMum RCT in new contexts must be
agreed and approved by the Steering group. Technical
University of Denmark and Aarhus University must have
access to the data they have collected and are free to use
itin new contexts. The e-CRF is completed by the investi-
gators at the time of the participant’s visits at NOH so that
it always reflects the latest observations of the participant.
Data will be stored for ten years, after which they will be
transferred to the Danish National Archives ‘Rigsarkivet’
in an anonymised format.

Sample size

FitMum RCT has been powered to detect an overall signif-
icant difference in the primary outcome between the
three groups as well as a significant difference between
the two intervention groups (EXE vs MOT) with average
activity levels of 210 (EXE), 150 (MOT) and 60 (CON)
min/week. The SD was set at 116 min/week and based
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on the results from Oostdam et al.”' The required sample
size is determined to obtain a power of 80% with a family-
wise significance level of 5%. The sample size calculation
showed that the required number of participants is 35
in CON and 70 in each of the two intervention groups
due to the randomisation ratio of 1:2:2 to CON, EXE and
MOT, respectively. Based on an expected lost to follow-up
rate of 20%, as seen in similar exercise studies in preg-
nant women,?****°! we plan to include 44 participants in
CON and 88 participants in each of the two intervention
groups, making a total of 220 participants.

Statistical methods

Data analyses of both primary and secondary outcomes
will be performed using intention-to-treat analyses. In
addition, a dose-response model will be estimated to
quantify the relationship between adherence to the
intervention (proportion of attendances in the planned
EXE and MOT sessions, respectively) and the activity
level. Moreover, analyses describing associations between
the level of physical activity (as measured by the activity
tracker) and the secondary and additional outcomes will
be performed. Baseline data will be reported as aver-
ages and SDs (medians and IQRs) or frequencies and
proportions as appropriate. No interim analyses will be
performed on the primary and secondary outcomes.
The analysis of the primary outcome will be performed
using a linear model with the randomisation group as a
categorical covariate and with adjustment for baseline PA
level. Hypothesis tests will be performed using likelihood
ratio tests. Statistical analysis will be conducted using R.”®
Analyses of the primary outcome will be performed by
a statistician blinded from the intervention allocations.
Investigators will perform analyses of baseline data and
secondary and additional outcomes under the super-
vision of a statistician. A full statistical analysis plan is
published in ClinicalTrials.gov.”

Trial status

The recruitment of participants began in September
2018 and ended in October 2020. Data collection of the
primary outcome is completed in spring 2021. Full data
collection is expected to be complete in 2022.

Ethics and dissemination

The FitMum study adheres to the principles of the
Helsinki declaration. The study is approved by the
Danish National Committee on Health Research Ethics
(# H-18011067) and the Danish Data Protection Agency
(#P-2019-512).

All participants consent in written form before inclu-
sion and are informed that participation in the FitMum
study is voluntary. Participants are informed that they may
withdraw from the study at any time and that withdrawal
of consent will not affect any subsequent pregnancy and
delivery processes at NOH. The participant has time to
ask questions and is allowed 24 hours to deliberate on

study participation before the obtainment of written
informed consent.

FitMum RCT is designed based on recommendations of
appropriate PA during pregnancy,'** ' 1! and although
anatomic and physiological changes occur during
pregnancy, PA during an uncomplicated pregnancy is
safe.'* 22294000 1027105 AJ] information about adverse events
and serious adverse events are documented consecutively
and will be reported. Participants will be discontinued
from the intervention if they are at risk of preterm birth,
if a cervical length below 25mm is measured, if serious
obstetric or medical complications occur, if investigators’
assessment reveals that continuation in the trial would be
detrimental to the participant’s well-being or if intoler-
able adverse events occur.

The FitMum study will provide evidence-based knowl-
edge that can contribute to improving national and inter-
national recommendations of PA during pregnancy and
to new, effective and simple guidance to implement health
technology-supported exercise programmes to pregnant
women. Based on the results and process evaluation, the
knowledge and tools from the FitMum study can be trans-
formed into initiatives in municipalities and hospitals to
improve the health and quality of life for both mother
and child and can be used for preventing the develop-
ment of lifestyle-related diseases across generations.

Findings will be submitted for publication in peer-
reviewed scientific journals and disseminated at national
and international conferences. In addition, results will
be disseminated to the public in relevant media and to
health professionals via science theatre performances.

DISCUSSION
The FitMum study aims to evaluate the effects of struc-
tured supervised exercise training and motivational coun-
selling supported by health technology on PA level during
pregnancy to generate evidence about Zow to implement
PA in everyday life in healthy pregnant women. Previous
studies have investigated the effect of different lifestyle
interventions on various health outcomes in normal
weight,? ** 20 2 5057 overweight and obese pregnant
women. 20 21 32 33 58-61 However, none of these studies have
focused primarily on investigating the effect of PA inter-
ventions on actual PA level determined by novel objective
methods. In addition, the FitMum study compares the
effect of two very different PA interventions to explore
strategies to implement PA programmes into pregnant
women’s everyday life. Moreover, offspring of FitMum
participants will be studied for oneyear after birth,
whereby knowledge on the effect of PA during pregnancy
on offspring health will be obtained. A limitation of the
study is that the true effect of motivational counselling
is not identified, as technology is an integral part of the
MOT intervention.

Consumer-based wearable activity trackers tend to
increase PA level when they are used as an intervention
tool or as part of an intervention.'”® Activity trackers are

8
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often relatively light weight, comfortable to wear and
rechargeable.'” In addition, using an activity tracker
to measure PA during pregnancy is feasible, recom-
mended'” and has a reasonable compliance rate during
pregnancy and after giving birth.'% However, there are
some challenges and limitations of using activity trackers
in a long-term intervention study. First, the participants
must recharge the device and synchronise their data
approximately once per week, which burdens participants
and challenges adherence and compliance. Second, we
cannot control the interaction of CON participants with
the tracker. Third, the main goal for the tracker’s design is
a comfortable wear, yet wearing the tracker for extended
periods of time may cause skin irritation and discom-
fort."? Moreover, the unavailability of the raw data and
algorithms used by the manufacturer creates a limitation
in the validation of PA metrics."”” Therefore, measuring
PA by a variety of methods, and comparing these methods
with the doubly labelled water technique (a gold standard
method), will be used in order to obtain comprehensive
measures of PA behaviours in FitMum participants.
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Abstract

Background

Physical activity (PA) during pregnancy is an effective and safe way to improve maternal health in
uncomplicated pregnancies. However, compliance with physical activity recommendations remains
low among pregnant women. Although many exercise intervention studies in pregnant women have
been conducted, there is a need to investigate the effect of interventions on actual PA levels.
Implementing different strategies to increase PA during pregnancy that incorporate novel health
technology to measure and increase PA is warranted.

Objectives

The purpose of this study is to evaluate the effects of offering structured supervised exercise
training (EXE) or motivational counseling (MOT) during pregnancy on moderate-to-vigorous-
intensity physical activity (MVPA) level. Additionally, we investigated complementary measures of
physical activity by the Pregnancy Physical Activity Questionnaire (PPAQ) and ‘gold standard’
doubly labeled water (DLW).

Methods

A randomized controlled trial included 220 healthy, inactive pregnant women with a median
gestational age of 12.9 (interquartile range, 9.4-13.9) weeks. 219 women were randomised to
standard care (CON) (n=45), EXE (n=87), or MOT (n=87). The primary outcome was MVPA
(min/week) from randomization to the 29" gestational week obtained by a wrist-worn commercial
activity tracker (Garmin Vivosport). Moreover, PA was measured by the activity tracker throughout
pregnancy, by PPAQ and DLW. The primary outcome analysis was performed as an ANCOVA
model adjusting for baseline PA.

Results

The average MVPA (min/week) from randomization to the 29" gestational week was 33 [95%
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confidence interval, 18;47] in CON, 50 [39;60] in EXE and 40 [30;51] in MOT. When adjusted for
baseline MVPA, participants in EXE performed 20 [4;36] min/week more MVPA than participants
in CON (P=.016). MOT was not more effective than CON, and EXE and MOT also did not differ.
MVPA was positively associated with the number of exercise sessions attended in EXE from
randomization to delivery (P=.038). Attendance was higher for online (due to COVID-19
restrictions) compared to physical exercise training (P=.027). Adverse events and serious adverse
events did not differ between groups.

Conclusions

Offering structured supervised exercise training was more effective than standard care to increase
MVPA among pregnant women, whereas offering motivational counseling on PA was not. MVPA
in the intervention groups did not reach the recommended level in pregnancy. Altering the
intervention into online due to COVID-19 restrictions did not affect MVPA level but increased
exercise participation.

Trial registration

The study is registered at clinicaltrials.gov (NCT03679130).

Keywords

Physical activity; pregnancy; randomized controlled trial; interventions; commercial activity
tracker; COVID-19; maternal health; doubly labeled water; pregnancy physical activity

questionnaire
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Introduction

Physical activity (PA) is a safe and effective way to improve maternal health in uncomplicated
pregnancies (1,2). Regular PA during pregnancy reduces the risk of gestational weight gain,
gestational diabetes mellitus, gestational hypertension, pre-eclampsia, cesarean section (3), and
depression (4). In addition, lifestyle interventions during pregnancy may improve offspring health
by improving placental function (5,6), reducing the risk of preterm delivery (3), and normalizing
birth weight (7,8). Nevertheless, compliance with PA recommendations remains low among
pregnant women worldwide (9). Therefore, a pressing issue to address is how to implement PA in

everyday life of pregnant women.

A diverse range of approaches to PA interventions exists, of which structured supervised exercise
training or motivational counseling strategies, respectively, are used widely in the literature (10).
Supervised exercise training with scheduled exercise sessions provides a standard approach to
increase PA in pregnant women. Recognizing the needs of an individually tailored approach
(11,12), motivational counseling focuses on PA behavior and has also been shown to reduce the
decline or even increase PA during pregnancy (13-15). Structured supervised exercise training or
motivational counseling on PA have been applied separately in studies of pregnant women
(16,17,26,18-25), but a direct comparison of the two approaches to increase PA during pregnancy

has not yet been performed.

The primary objective of FitMum was to evaluate the effects of offering structured supervised
exercise training (EXE) or motivational counseling on PA (MOT) compared to standard care
(CON) on moderate-to-vigorous-intensity PA (MVPA) in pregnant women as determined by a
wrist-worn commercial activity tracker. Secondary measures of PA were obtained by the Danish

version of the “Pregnancy Physical Activity Questionnaire” (PPAQ-DK) (27,28) and by the “gold-
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standard” doubly labeled water technique (DLW) (29-31). The hypotheses were that both EXE and
MOT would increase MVPA in pregnancy compared to CON, and that EXE would be more
effective than MOT (32,33). In addition, the association between MVPA and the number of

sessions attended was explored.

Methods

Patient and public involvement

The development of FitMum was inspired by stakeholders; 27 semi-structured interviews with
Danish pregnant women, midwives and obstetricians were performed to explore the feasibility,

facilitators, and barriers to PA during pregnancy.

Participants and trial design

FitMum was a single-site randomized controlled trial (RCT) conducted in 2018-2021 at the
Department of Gynaecology and Obstetrics at Nordsjaellands Hospital, Hillerod, Denmark (32).
220 healthy, inactive pregnant women with a gestational age (GA) of <15 weeks and 0 days were
included (visit 1). Participants were randomized 1:2:2 into CON, EXE, and MOT groups,

respectively (Figure 1).
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Excluded (n=64)

Declined to participate (n=15)

- Time constraints/logistical challenges (n=8)

- Too comprehensive if randomised to EXE (n=5)
- Unknown ressons (n=2)

Not meeting inclusion criteria (n=49)

- Non-Danish speaking (n=1)

- Unable to wear wrist-worn activity tracker (n=3)
- GA > 15 weeks and 0 days (n=3)

- Multiple pregnancies (n=1)

- Nonviable or ectopic pregnancy (n=10)

- Obstetric or medical complications (n=28)

- Physically active > 1 hour/week (n=2)

- Prepregnancy BMI <18.5 kg/m2 (n=1)

Pregnant women attending 1st trimester scan
at NOH from Oct 1st, 2018 to Sep 30th, 2020
(n=8245)

|

Screened for eligibility (n=872)

{ Not screened (n=7373)

Excluded (n=588)

Assessed for eligibility (n=284)

Included (n=220)

Declined to participate (n=145)
Not meeting inclusion criteria (n=443)

Lost to follow-up (n=1)

Randomised (n=219)

- Personal reasons (n=1)

[

Allocated to CON (n=45) ]

Allocated to EXE (n=87)

I

I

Lost to follow-up (n=11)

Randomisation - visit 2 (n=10)

- Dissatisfaction with group (n=3)

- Don't want to wear activity tracker (n=4)
- Time constraints (n=3)

Visit 2- 3 (n=1)
- Personal reasons (n=1)

Visit 3 - delivery (n=0)

Lost to follow-up (n=13)

Randomisation - visit 2 (n=10)

- Adverse event/serious adverse event (n=3)
- Personal reasons (n=5)

- Time constraints (n=2)

Visit 2 -3 (n=2)
- Time constraints (n=2)

Visit 3 - delivery (n=1)
- Time constraints (n=1)

Discontinued from intervention (n=5)

- Adverse event/serious adverse event (n=3)
- Personal reasons (n=1)

- Time constraints (n=1)

[

Total completers
Visit 2 (n=35)
Visit 3 (n=34)
Delivery (n=34)

Analysed intention-to-treat (n=45)

Total completers
Visit 2 (n=77)
Visit 3 (n=75)
Delivery (n=74)

Analysed intention-to-treat (n=87)

[ Allocated to MOT (n=87)

Lost to follow-up (n=17)

Randomisation - visit 2 (n=13)

- Adverse event/serious adverse event (n=1)
- Dissatisfaction with group allocation (n=1)
- Don't want to wear activity tracker (n=1)

- Personal reasons (n=5)

- Time constraints (n=3)

- Unknown reasons (n=2)

Visit 2 -3 (n=3)
- Personal reasons (n=2)
- Unknown reasons (n=1)

Visit 3 - delivery (n=1)
- Personal reasons (n=1)

Discontinued from intervention (n=6)

- Adverse event/serious adverse event (n=1)
- Dissatisfaction with group allocation (n=2)
- Personal reasons (n=2)

- Time constraints (n=1)

Total completers
Visit 2 (n=74)
Visit 3 (n=71)
Delivery (n=70)

Analysed intention-to-treat (n=87)

Figure 1: Flowchart of the FitMum randomised controlled trial including enrolment, study group allocation, follow-up,
and data analysis. Visit 1, inclusion at gestational age (GA) of maximum 15 weeks and 0 days; randomisation at GA of
maximum 16 weeks and 0 days; visit 2, the 29" week of gestation; visit 3, the 35" week of gestation; CON, standard
care; EXE, structured supervised exercise training; MOT, motivational counselling on physical activity.

The figure is created with Biorender.com

Participants were invited to a test visit at 29" gestational week (visit 2) and at 35" gestational week

(visit 3).
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Interventions

All three groups were offered standard care. In addition, EXE was offered one-hour group-based

supervised exercise training at moderate intensity three times/week in a gym and swimming pool.

MOT was offered four individual and three group PA motivational counseling face-to-face sessions

of 1-2 hours duration during pregnancy and one weekly, personalized SMS to support PA.

Interventions ran from randomization until delivery. The target PA level for EXE and MOT was at

least 30 min/day at a moderate intensity as recommended in Denmark to healthy pregnant women

(34). The interventions were converted into online versions during the COVID-19 pandemic

restrictions that were introduced in Denmark on March 11™, 2020, and throughout the study period.

EXE could access to the swimming pool for three months during this period.

Outcome measures

The data collection procedures are illustrated in Figure 2.
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Figure 2: Before the COVID-19 pandemic, visits were held at the hospital. During the COVID-19, visits were
periodically held online. PPAQ-DK, Danish version of Pregnancy Physical Activity Questionnaire; DLW, doubly
labelled water; GA, gestational age; CON, standard care; EXE, structured supervised exercise training; MOT,

motivational counselling on physical activity. The figure is created with Biorender.com

Activity tracker

The primary outcome was MVPA (min/week) from randomization to visit 2. PA was continuously
captured by a wrist-worn commercial activity tracker (Garmin Vivosport) (35) with a built-in heart
rate monitor and accelerometer from inclusion to delivery. Baseline PA was captured from
inclusion to randomization (six full days). PA with a Metabolic Equivalent of Task (MET) value of
>3 in bouts of at least ten consecutive minutes was recorded as MVPA by the activity tracker (35).
Secondary outcomes measured by the activity tracker were PA duration at a moderate and vigorous
intensity, respectively, steps, active time, active kilocalories, floors climbed, and minimum,
maximum, resting, and average heart rate from randomization to delivery. At inclusion, the activity
tracker was pre-set with turned off PA notifications and an identical face of the tracker showing
only clock and battery level. After randomization, women in MOT were encouraged to personalize
the tracker with e.g. individual goal settings and PA notifications as part of the intervention.

Throughout the study period tracker software was automatically updated (35).

Pregnancy Physical Activity Questionnaire
PA was digitally self-reported by participants using PPAQ-DK (28) at visit 1, 2 and 3, respectively.
The questionnaire assesses PA related to everyday activities during the current trimester, including

e.g. household, occupational, sports, and transportation (27).

Doubly labeled water

Participants collected two baseline urine samples prior to test visit 2, drank the DLW dose at the
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visit followed by five post-dose urine samples at home on days one, four, seven, 11 and 14 (31,36).
The calculation of total energy expenditure (TEE) was based on the Weir equation (36), and the
active energy expenditure (AEE) was calculated by subtracting the basal metabolic rate (BMR)
from TEE. BMR was estimated by an equation appropriate for pregnant women (37). PA level

(PAL) was calculated by dividing TEE by BMR.

Activity tracker data management

PA was transferred via Bluetooth from the activity tracker to the Garmin Connect app (Garmin
International) (35) from which Fitabase (Small Steps Labs LLC) obtained the data via the
programming interface. PA was monitored through Fitabase and participants were reminded if the
activity trackers were not synchronizing. PA data were downloaded from Fitabase, processed, and

cleaned in the software R (38).

Statistical analyses

Statistical analyses were performed according to our statistical analysis plan (33) using R (38). Data
are presented as means + standard deviation for symmetric distributions, medians and interquartile
ranges for skewed data, and categorical variables are presented as frequency (%). The level of
statistical significance was 5%, except for the primary hypothesis where each of the two
comparisons was tested at the 2.5% level. Wald-based 95% confidence intervals (CI) were given for

all reported estimates (33).

Intention-to-treat analyses using all randomized participants were performed for the primary
outcome. Missing observations in tracker data due to non-wear time were imputed by multiple
imputations in 25 data sets using a pre-specified seed, pre-selected baseline variables (body weight,
age, PA, educational level, and parity), and the random forest imputation model from the mice R

package (39). A statistician blinded for the intervention performed the imputation and the primary
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outcome analysis as an ANCOVA model adjusting for baseline PA. MVVPA before and during the
COVID-19 pandemic was compared within groups with a linear regression model. Cumulative
trajectories were estimated from the imputed data using a generalized additive model with a
penalized regression spline with point-wise 95% confidence bands estimated by a bootstrap

procedure (40).

For the PPAQ-DK outcome, a constrained linear mixed model was fitted with the observation times
as a factor (41). Both within and between-group effects were reported as estimated differences in

means.

For the DLW outcome, a one-way ANOVA was used to compare the three group averages.

Linear regression was used to model the relationship between attended intervention sessions and

attained MVPA in EXE and MOT.

Results

Participants and adherence to interventions

In total, 220 pregnant women were included from October 2018 to October 2020. Of those, 219
were randomly allocated to CON (n=45), EXE (n=87) or MOT (n=87) (Figure 1). Maternal baseline

characteristics are presented in Table 1.

Baseline characteristics ALL CON EXE MOT
n=219 n=45 n=87 n=87
Age (years), mean (SD) 315 (4.3) 32.0 (4.6) 31.1(4.3) 317 (4.1)
Gestational age at inclusion (weeks), median (IQR) 12.9 (9.4-13.9) 12.9 (9.7-13.9) 12.6 (9.3-13.7) 12.9 (9.6-13.9)
Weight (kg), mean (SD) 75.4 (15.3) 72.0 (13.7) 76.2 (17.4) 76.3 (13.8)
Prepregnancy BM | (kg/mz)*, median (IQR) 24.1(21.8-28.7) 23.5(21.3-26.8) 25.2 (21.6-29.8) 24.1 (22.4-28.9)
Nulliparity, n (%) 82 (37) 16 (36) 40 (46) 26 (30)
Educational level, n (%)
School >12 years 191 (87) 41 (91) 74 (85) 76 (87)
Further education >3 years 175 (80) 33(73) 73 (84) 69 (79)
Employed/studying, n (%) 199 (91) 39 (87) 83 (95) 77 (89)
Smoking during pregnancy, n (%) 2(1) 0(0) 1(1) 1(1)
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197  Table 1: Baseline characteristics of randomised participants. Descriptive data are presented as means + SD for

198 symmetrically distributions, medians (IQR) skewed data, and n (%). *Prepregnancy body mass index (BMI) is

199  calculated based on n=218 (CON: n=45, EXE: n=86, MOT: n=87) due to a missing value. School >12 years

200  corresponds to high school. Further education >3 years corresponds to a university degree (bachelor or master level).
201 SD, Standard deviation; IQR, interquartile range; CON, standard care; EXE, structured supervised exercise training;

202 MOT, mativational counselling on physical activity.

203

204  From randomisation to visit 2, 15% of the participants were lost to follow-up (CON: n=10 (22%);
205  EXE: n=10 (11%); MOT: n=13 (15%)). The main reason (n=18 (55%)) was personal matters, e.g.,
206  time consumed on participation or family reasons. From randomization to delivery, 19% of the
207  participants were lost to follow-up, and proportions were similar across groups (Figure 1).

208  Participants randomized to EXE participated in 1.4 [95% CI, 1.2;1.6] exercise session/week from
209  randomization to visit 2, and 1.3 [1.1;1.5] exercise session/week from randomization to delivery.

210  Participants randomized to MOT joined 5.2 [4.7;5.7] counseling sessions during their pregnancy.

211 Physical activity by the activity tracker
212 Moderate-to-vigorous-intensity physical activity
213 The average MVPA (min/week) from randomisation to visit 2 was 33 [18;47] in CON, 50 [39;60]

214  in EXE and 40 [30;51] in MOT (Figure 3).
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Figure 3: Average and 95% Cl of moderate-to-vigorous-intensity physical activity (MVPA) and complementary tracker
outcomes from randomisation to visit 2 (the 29'" week of gestation) (full line) and delivery (dotted line), respectively.
MVPA was continuously captured by a wrist-worn commercial activity tracker (Garmin Vivosport) with a built-in heart
rate monitor and accelerometer. Age, sex, weight and height were entered in the Garmin app. MVPA, sum of
moderate and vigorous intensity physical activity (PA) in min/week; moderate intensity PA, cumulative duration of
activities of moderate-intensity (MET=3-6) lasting at least 10 consecutive min in min/week; vigorous intensity PA,
cumulative duration of activities of vigorous-intensity (MET>6) lasting at least 10 consecutive min in min/week; steps,
steps counted per day; active time, active time in min/day; active kilocalories (Kcal), calories burned through actual
movement in Kcal/day; floors climbed, number of floors climbed per day (a floor climbed is equal to 3 meters);
minimum heart rate, the lowest heart rate in beats/min; maximum heart rate, the highest heart rate in beats/min;
resting heart rate, the average of seven days of the resting heart rate in beats/min; average heart rate, the average
heart rate in beats/min; Cl, confidence interval; CON,s; EXE, structured supervised exercise training; MOT,

motivational counselling on physical activity.
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ts in EXE performed 20 [4;36] min/week more

MVPA, participan

When adjusted for baseline

230

MVPA than participants in CON (P=.016) (Table 2).
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Table 2; Comparison between groups based on imputed activity tracker datasets (intention to treat analysis) from
randomisation to visit 2 and delivery, respectively. A positive mean value indicates that the last-mentioned group has
the highest mean. MVVPA, sum of moderate and vigorous intensity physical activity (PA) in min/week; moderate
intensity PA, cumulative duration of activities of moderate-intensity (MET=3-6) lasting at least 10 consecutive min in
min/week; vigorous intensity PA, cumulative duration of activities of vigorous-intensity (MET> 6) lasting at least 10
consecutive min in min/week; steps, steps counted per day; active time, active time in min/day; active kilocalories
(Kcal), calories burned through actual movement in Kcal/day; floors climbed, number of floors climbed per day (a floor
climbed is equal to 3 meters); minimum heart rate, the lowest heart rate in beats/min; maximum heart rate, the highest
heart rate in beats/min; resting heart rate, the average of seven days of the resting heart rate in beats/min; average heart
rate, the average heart rate in beats/min; visit 2, the 29" gestational week.*Significant difference. Cl, confidence
interval; CON, standard care; EXE, structured supervised exercise training; MOT, motivational counseling on physical

activity.

The same pattern was seen throughout the entire pregnancy, hence the unadjusted average MVPA
(min/week) was 35 [19;51] in CON, 54 [42;65] in EXE and 43 [32;55] in MOT from randomization
to delivery (Figure 3). Throughout pregnancy participants in EXE performed 21 [3;39] min/week
more MVPA than participants in CON when adjusted for baseline MVPA (P=.022) (Table 2).
There were no significant differences in adjusted MVPA between CON and MOT (randomization
to visit 2: P=.231; randomization to delivery: P=.267) or between MOT and EXE (randomization to

visit 2: P=.137; randomization to delivery: P=.147) (Table 2).

Unplanned analysis on cumulative MVPA from randomization to delivery revealed that EXE
tended to have more MVPA compared to MOT, which became significant in the late part of

pregnancy (Figure 4 and 5).
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265 Figure 5: Individual cumulative moderate-to-vigorous-intensity physical activity (MVPA) from randomisation to delivery in CON,
266 EXE and MOT. MVPA was continuously captured by a wrist-worn commercial activity tracker (Garmin Vivosport) with a built-in
267 heart rate monitor and accelerometer. Age, sex, weight and height were entered in the Garmin app. CON, standard care; EXE,

268 structured supervised exercise training; MOT, motivational counselling on physical activity.

269

270  The same tendency was seen between CON and EXE, but the difference was insignificant.

271 Cumulative MVVPA did not differ between CON and MOT.

272 COVID-19 sensitivity analysis

273 MVPA (min/week) did not differ between participants included before the COVID-19 pandemic
274  (physical intervention only, n=120) and during the COVID-19 pandemic (online intervention only,
275  n=63) in either CON (-14 [-49;22], P=.444), EXE (-16 [-42;11], P=.251), or MOT (-6 [-37;25],

276  P=.712) (Figure 6).

o
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277

278 Figure 6: Average and 95% CI of moderate-to-vigorous-intensity physical activity (MVPA) in min/week. MVPA was continuously

279 captured by a wrist-worn commercial activity tracker (Garmin Vivosport) with a built-in heart rate monitor and accelerometer. Age,
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280 sex, weight and height were entered in the Garmin app. The COVID-19 pandemic restrictions started March 11, 2020. Physical
281 intervention, participants (n=120) started and finished the intervention before COVID-19; online intervention, participants (n=63)
282 started and finished the intervention during COVID-19. ClI, confidence interval; CON, standard care; EXE, structured supervised

283 exercise training; MOT, motivational counselling on physical activity.

284

285  Women in EXE offered the online intervention only, participated in more exercise sessions/week
286  than women offered the physical intervention only (online: 1.6 [1.3;2.0], physical: 1.1 [0.9;1.4],
287  P=.027). Participants in EXE attended on average 4.9 swimming pool sessions in the online

288 intervention period. The number of MOT sessions attended did not differ between women who
289  were offered the intervention before or during the COVID-19 pandemic (physical: 5.3 [4.6;6.0],
290 online: 5.6 [4.8;6.4], P=.970). Participants included before the COVID-19 pandemic and delivered

291  during (n=36) were excluded in this analysis based on their mixed intervention.

292  Secondary activity tracker outcomes

293  All tracker outcomes are presented in Figure 2 and accompanying statistics in Table 2. PA at a

294  vigorous intensity (min/week) was higher in EXE than in both CON and MOT (CON vs. EXE:

295  randomization to visit 2: 13, randomization to delivery: 13 [4;22]; MOT vs. EXE: randomization to
296 visit 2: 9 [1;16], randomization to delivery: 9 [1;17]). In addition, the maximum heart rate was 2
297  [0.3;3] beats/min higher in EXE compared to CON from randomization to visit 2. No other tracker

298  outcomes differed between groups.

299  Physical activity by Pregnancy Physical Activity Questionnaire
300 PPAQ-DK was completed by 219 (100%), 182 (83%) and 169 (77%) participants, respectively, at
301 visit 1, 2 and 3, respectively. Figure 7 shows the PA behaviors categorized by intensity and type.

302  Differences between and within groups are shown in Table 3 and 4.

Paper 2, page 17



303

304
305
306
307

308

Total activity Activity of light intensity and above Sedentary activity
g g 8
0
[= o
x o = 2 x =
3 © 3 @ =3 @
g € 8 8 8 8
2 Z o H 2
5 53 oo -f.{;f//fj i
[ = = 7 =
w 2 w w w
s = Z o = o =
8 e
0
(=] (=]
& 8
- r T 1 - r T 1 r T 1
Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3
Moderate intensity activity Vigorous intensity activity Household
2 © e
(=]
L g L . 8 -ﬁ .
3 3 3 8
[ @ @ [
-] Z : o H
g i@ i T
= = [ =
2 2 2 2
o e
=
- o
I T 1 r T 1 @ I T 1
Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3
Sports Transportation Inactivity
& & 8
I I
x - = = o
3 3 3
8 g o 8
I s R
T = T g o« é
[~ = [
im TR I
= = N S
° 2 e
T T 1 r T 1 r T 1
Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3

70 80 90 100 110 120

40 60 80

20

Light intensity activity

r T 1
Visit 1 Visit 2 Visit 3

Occupational

—

T T 1
Visit 1 Visit 2 Visit 3

CON

EXE

MOT

Figure 7: Baseline-constrained comparison between groups based on the means of physical activity level from the Danish version of

the Pregnancy Physical Activity Questionnaire (PPAQ-DK). Visit 1, gestational age of maximum 15 weeks and 0 days; visit 2, the

29t gestational week; visit 3, the 35 gestational week; MET, metabolic equivalent of task; h/week, hours/week; CON, standard

care; EXE, structured supervised exercise training; MOT, motivational counselling on physical activity.

Paper 2, page 18



otv'0  [gis-lz-  gse0  [gv-11- 6850 [9'¢-12 €TL0  [EP-]T-
[TL0  [¢w-]t- €610 [T's-lz-  €€L40 [G'e-1T 92L°0 [s'e-1T
+800°0 [£T]¥  4«9€00 [9'T0l€  96£0 [9'c-1z  1TT0 [9'T-]€
¥09'0  [ST'6-1€ 8¢SO  [zfer-l€-  /¥90 [er6T-1v- 2990  [sTiOT-]¢€
Tov'0  [eT's-lvy  L1v0  [TT'P-]1€ 6280 [TTET-1T- €€v'0  [9'€T-]1v-
410 [vo'c-lt-  cov0o  [T'e-lt-  gsov0 [€T-1T £S9°0 [€'0l ¢
1o [9t'e-l.  vieo  [ttw-lvy TvL0  [gtot-lz 1s20 0 [TTg-lT
ges’0  [etot-le  9ovo  [9wT-lv- TS0 [oteT-]9  S890  [vTe-lt
w0 [gs-1t-  eveo [Tl ¥89°0 [q'e-1T w0 [¢ls-]tT-
[ST'0  [LZ'%-1tt /160  [pT'eT-lT  8€6'0  [Te6T-1T 0TS0  [22'TT-19
(020 [9¢'9-]oT  9/8'0 [et'wt-1T- 1S8°0 [ecest-lz 6090  [ociet-1v
anjen-d  [1D%se] 9njea-d  [|D%se] anjea-d  [1D%se] anjea-d  [1D %S6]
LR IVEYEXNT ] LR IVEYEXTT ] saJualadyia saJualdIag
€ USIA ZUSIA € USIA TUSIA
3X3 SA LOW LON SANOD

S/6'0 [s's-]lto- 1920 @ [29-]lt-
¥S6'0  [F'v-1T0  S8p0  [€G-]T-
€000 [0T‘c]9  «TOOO0  [9°T-]9
856'0 [ST'ST-1¥'0- SS6°0 [CT'E€T-]1¥0-
7590 [¥T'6-1€ 1680 [6'0T-]T-
S18'0 [¢'z-lzo-  €gc0 [€T-1T
80t 0  [1¢c-lé  £sz0  [¥T'p-1s
9zz0  [erizt-19  seL0 [oT'ET-]C-
w80 [v's-lvo- s600 [19-]¢-
gzz0  [t€z-let  esy0  [gciot-19
occ0  [ee's-ler  s690  [6Tgr-l€
anjen-d  [1D%s6] onjea-d  [1D %S6]
SaJUddLIA SaJUddLIa
€ USIA TUSIA
3IX3 SANOD

Avinipoeu)
uoneuodsueld]
syuods
|euoednanQ
p|oyasnoH
(1@am/y-13IN) adAL
SNoJO3IA
91eJ9PON
wsan
Aejuapas
(d9am/y-13IN) Aisuaqu
Alisua1ul 1y31) 2 Jo AlADY
AlIA1D0E |B10]
(193M/y-13IN) Aviande |eyoy

309

Paper 2, page 19



310

311

312

313

314

Table 3. Comparison between groups based on physical activity level from the Danish version of the Pregnancy
Physical Activity Questionnaire (PPAQ-DK). A positive mean value indicates that the last-mentioned group has the
highest mean. Visit 2, the 29" gestational week; visit 3, the 29" gestational week. *Significant difference. ClI,
confidence interval; MET, metabolic equivalent of task; h/week, hours/week; CON, standard care; EXE, structured

supervised exercise training; MOT, motivational counseling on physical activity.
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Table 4; Unadjusted comparison of the raw mean + SD and p-values from regression analysis within the groups,
physical activity (PA) pattern and time effects from visit 1 to visit 2 and visit 3, respectively. Visit 1, gestational age of
maximum 15 weeks and 0 days; visit 2, the 29" gestational week; visit 3, the 35" gestational week. *Significant
difference; SD, Standard deviation; MET, metabolic equivalent of task; h/week, hours/week; CON, standard care; EXE,

structured supervised exercise training; MOT, motivational counseling on physical activity.

The total activity did not change from visit 1 to visit 2 in CON, EXE, or MOT, but PA decreased
significantly from visit 1 to visit 3 in all three groups (Table 4). PA at moderate intensity was
maintained at the same level over the course of pregnancy in CON, EXE, and MOT. However,
participants in MOT increased PA at vigorous intensity from visit 1 to visit 2 and visit 3,
respectively (Table 4). When combining moderate and vigorous intensity PA (MVPA), the activity
level (MET-h/week) did not change through pregnancy in any of the groups (CON: visit 1-2: -1,
P=.900; visit 1-3: -4, P=.356; EXE: visit 1-2: 4, P=.102; visit 1-3: 1, P=.611; MOT: visit 1-2: 2,

P=.400, visit 1-3: -5, P=.368) (data not shown).

In both EXE and MOT, sports increased significantly from visit 1 to visit 2 and visit 3, respectively,
while no changes were observed in CON (Table 4). A comparison between groups revealed that
sports was significantly higher in EXE compared to CON and MOT at both visit 2 and visit 3

(Table 3).

Physical activity by doubly labeled water
134 participants (CON: n=24, EXE: n=53, MOT: n=57) completed the DLW test and were included
in the analysis. TEE (P=.141), AEE (P=.383) and PAL (P=.658) did not differ between groups

(Figure 8).
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Figure 8: One-way ANOVA test of the doubly labelled water outcomes showed no differences between groups; total energy
expenditure (p=0.141), active energy expenditure (p=0.383), physical activity level (p=0.658). Kcal, kilocalories; TEE, total energy
expenditure; BMR; basic metabolic rate, CON, standard care; EXE, structured supervised exercise training; MOT, motivational

counselling on physical activity.

Adverse events and serious adverse events
Adverse events (AE) and serious adverse events (SAE) from inclusion to delivery among all

participants did not differ between groups (Additional file 1-3).

Discussion

FitMum aimed to investigate the effects of offering EXE or MOT to generate
evidence about how to implement PA in healthy pregnant women’s life. \We
hypothesized that both EXE and MOT would increase MVPA in pregnancy
compared to CON, but that EXE would be more effective than MOT (33). The
study confirmed that EXE was more effective than CON, whereas MOT was not
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more effective than CON, and EXE and MOT also did not differ. The number of
AE and SAE did not differ between groups.

Effectiveness of physical activity interventions on physical activity level in pregnant women
Few previous RCT’s have used strategies like ours to examine how to increase PA in pregnant
women and at the same time assessed the PA level by objective methods (13,24,26,42,43).
Seneviratne et al. conducted a 16-week stationary biking program in overweight and obese pregnant
women and reported improved aerobic fitness compared to controls (24). When determining PA
objectively by accelerometry, Hayman et al. found an immediate increase in MVPA after four
weeks of tailored PA advice and access to a resource library (26). On the contrary, no increase in
PA as determined by accelerometry was found after a combined aerobic and strength exercise
program (42), face-to-face individual PA consultations (13) or app-based PA behavior change

techniques (43).

Women in EXE were encouraged to participate in three hours of structured supervised exercise
training per week, but the participants attended on average less than half of the sessions, and
throughout their pregnancy the MVPA level was only 1/3 of the internationally recommended (54
of 150 min/week) (2). As expected, MVVPA was positively associated with the number of exercise
sessions attended. Noticeably, EXE had a higher level of vigorous intensity PA compared to both
CON and MOT. This was supported by a higher maximum heart rate among EXE. Exercising at
vigorous intensity is in accordance with recent suggestions for healthy pregnant women (44,45).
MOT had a high intervention attendance, but even though MOT contained face-to-face counseling,
SMS, activity tracker utilization and behavior change technique as recommended (13,46,47), we
found no effect on MVVPA compared to CON. The cumulative MVPA in EXE was significantly
higher compared to MOT in the late part of pregnancy, and the same tendency was seen between

CON and EXE. Interestingly, women who received the online EXE intervention due to COVID-19
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restrictions joined 45% more exercise sessions compared to those who received the physical

intervention.

Methodologies used to determine physical activity

Combining three different methodologies to assess PA, both objective (activity tracker and DLW)
and subjective (PPAQ-DK) methods, gives a comprehensive insight into the complex variable that
PA constitutes. The activity tracker offers 24/7 measures of PA and due to its convenience the
tracker can be worn for a long period of time. However, commercial trackers are not designed for
research purposes and tracker algorithms are unknown. PPAQ is considered one of the most valid
and reliable questionnaires for the assessment of PA in pregnant women (27,48), but the inherent
bias of self-reported PA is inevitable. The administration of PPAQ-DK may have led to a
heightened awareness of activity among participants (48); especially in MOT who received a
thorough review of their PA level at the counseling sessions. This might explain the perceived
increase in vigorous intensity PA in MOT as determined by PPAQ-DK. DLW is the reference
method for the determination of free-living energy expenditure and has previously been used to
estimate PA level in pregnant women (36,49), but this is the first intervention study in pregnant
women to include DLW. We found no significant differences between groups in TEE, AEE or PAL,
but this might be due to a lack of power, as TEE and AEE were 50-100 kcal/day higher in EXE and
MOT compared to CON. On the other hand, active kilocalories also did not differ between groups
according to tracker data, and total activity (MET-h/week) was similar between groups according to

PPAQ-DK. Therefore, the total activity probably did not differ between groups.

Strengths and limitations
FitMum is the first RCT to compare the effectiveness of two different PA interventions in pregnant
women. Strengths comprise the robust design based on the power of randomization, which leaves

the internal validity high, and the comprehensive assessment of PA. The primary outcome was
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measured by a commercial activity tracker, which measured PA continuously, but no data on the
validity of the tracker activity measurements has been published. The activity tracker may increase
PA due to its motivational impact (47,50), but it might also not capture all activities. Notably, only
activities with a MET value of >3 in bouts of at least 10 consecutive minutes are reported as MVPA
(35), and this might partly explain the relatively low MVPA in the present study. An additional
limitation was the impact of COVID-19 and the need to convert the physical interventions into

online.

Conclusion

Findings from this RCT demonstrates that offering EXE is more effective than CON to implement
MVPA in healthy pregnant women’s life. Offering MOT was not more effective than CON, and
EXE and MOT also did not differ. The MVPA in the intervention groups did not reach the

recommended PA level in pregnancy.
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Any adverse or serious adverse event
Serious adverse event
Adverse or serious adverse event that led to discontinuation in EXE or MOT
Adverse or serious adverse event that led to withdrawal from the trial
Adverse events that occurred in >10% of all participants

Foetal hypokinesia

Low back and pelvic girdle pain

ALL CON EXE MOT
n=220 n=45 n=87 n=87
148 (67) 28 (62) 61 (70) 59 (68)
3(7) 6(7) 8(9

17 (8)
42
6(3)

47 (21)
41 (19)

0(0)
1(2)

3@  1()
40G)  1()

7(16) 23(26) 17(20)

409

19(22) 18(21)

Additional file 1: Summary of adverse and serious adverse events from inclusion to delivery among all participants

presented with preferred terms in Medical Dictionary for Regulatory Activities, version 24.0. One participant dropped

out before randomization and therefore the number of participants in CON, EXE and MOT equals 219. Data are

presented as number of participants (%). CON, standard care; EXE, structured supervised exercise training; MOT,

motivational counseling on physical activity.
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ALL CON EXE MOT
n=220 n=45 n=87 n=87

All
> 1 adverse event 141 (64) 28(62) 58 (67) 55(63)
Pregnancy, puerperium and perinatal conditions 118 (54)  22(49) 49 (56) 47 (54)
Foetal hypokinesia 47(21) 7(16) 23(26) 17(20)
Low back and pelvic girdle pain 41(19)  4(9) 19(22) 18(21)
Uterine contractions during pregnancy 20090 1 10(12) 9(10)
GDM 13(6) 2@ 5(6) 6(7)
Small for dates baby (<-1.28 SD) 116G 30 1@ 708
Large for dates baby (>1.28 SD) 136) 12 78 5(6)
Preeclampsia/gestational hypertension/HELLP/eclampsia (GA>34 weeks) 11(5) 2(4) 506 45
Premature delivery (GA 34+0 - 36+6 weeks) 3 2(4)  1(1)  0(0)
Cholestasis of pregnancy 3() 000) 0@ 3@
Foetal malformation 3@ 2@ 1) 0(0)
Hyperemesis gravidarum 20090 1@ 000 1@
Threathened preterm labor 1(05 00 00 1@
Gestational oedema 105 00 00 1
Reproductive system and breast disorders 17(8) 409 6(7)  7(8)
Vaginal haemorrhage 17(8) 409 60 7
Ovarian rupture 105 00 1@ 0()
Infections and infestations 21(10) 7(16) 6(7) 8(9)
Urinary tract infection 106) 307 33 40)
Beta haemolytic streptococcal infection 6(3) 3( 21 1(1
Other 6(3) 120 22 30
Accidents and Injuries 7(3) 24 3 202
Unrelated to intervention 6(3) 204 212 202
Related to intervention* 105 00 110 0(0)
Skin and subcutaneous tissue disorders 1206) 2@ 301 78
Rash 94 24 3@ 405
Prurigo 3 000 00 3(3
Nervous system disorders 106) 12 56 40
Migraine 5() 0(0) 1) 40
Headache 2099 1@ 1@ 0(
Dizziness 20099 00 10 1@
Carpal tunnel syndrome 2(0090 00 2@ 0(0
Psychiatric disorders 4(2) 12 00 3
Gastrointestinal disorders 3() 0000 21 1@
Constipation 2(09) 00 2@ 0(0
Abdominal pain upper 1(05 00 00 1)
608  Other 9(4) 3(1) 303 303

609  Additional file 2: All adverse events (AE) from inclusion to delivery presented with preferred terms according to the
610 Medical Dictionary for Regulatory Activities, version 24.0. Values are number of participants (%) with > 1 AE. AEs

611 include all self-reported AEs by participants at test visits and other AEs that the research group became aware of during
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the study period. One participant dropped out before randomization and therefore the number of participants in CON,
EXE and MOT equals 219. *Injury related to intervention included abdominal pain without verified reason after one
exercise training session. CON, standard care; EXE, structured supervised exercise training; MOT, motivational

counseling on physical activity.

ALL CON EXEMOT
n=220 n=45 n=87 n=87

All
No. of participants who experienced > 1 serious adverse event 178 3(7) 6(7) 8(9
No. of serious adverse events 20 3 6 11

Pregnancy, puerperium and perinatal conditions 16(7) 3(7) 67 7(8)
Large for gestational age (>2 SD) 52 12 0(0) 4(5)
Small for gestational age (<-2 SD) 42) 12 2@ 1@
Missed abortion 3() 000 22 1
Premature delivery (GA<34 weeks) 3() 1 00 2(
Shoulder dystocia 2009 00 1) 1(
Pelvic haematoma obstetric 1(05) 0(0) 1(1) 0(0)

Preeclampsia/gestational hypertension/HELLP/eclampsia (GA<34 weeks) 1(05) 00 0() 1(1)
Accidents and injuries
Car accident* 1(05) 0(0) 0(0) 1(1)

Additional file 3: All serious adverse events (SAE) from inclusion to delivery are presented with preferred terms
according to the Medical Dictionary for Regulatory Activities, version 24.0. Values are the number of participants (%)
with > 1 SAE. SAEs include all self-reported SAES by participants at test visits and other SAEs that the research group
became aware of during the study period. One participant dropped out before randomization and therefore the number
of participants in CON, EXE and MOT only equals 219. *Resulted in a broken leg. CON, standard care; EXE,

structured supervised exercise training; MOT, motivational counseling on physical activity.
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Abstract

Background: Physical activity (PA) at moderate intensity is recommended to healthy pregnant
women. The three-arm FitMum randomised controlled trial showed that it was possible to increase
PA during pregnancy with structured supervised exercise training (EXE). The other intervention
with motivational counselling on PA (MOT) did not increase PA compared to standard care.
However, given the complexity of PA interventions it is not sufficient to limit evaluation activities
to test effectiveness to fully understand their impact. This process evaluation aimed to achieve a

greater understanding of the implementation and mechanisms of impact of EXE and MOT.

Methods: A mixed methods process evaluation was conducted using the Medical Research
Council’s process evaluation framework by assessing implementation (reach, fidelity and dose) and
mechanisms of impact of the two interventions provided to pregnant women in the FitMum study.
Data was collected quantitatively (n=220) and qualitatively (n=20) continuously during the FitMum

study.

Results: The interventions reached educated pregnant women with high autonomy of working and
everyday life. Most participants (78%) were recruited at their first-trimester ultrasonic scan. The
reasons to participate were personal (91%) and altruistic (56%). The intervention dose was
delivered as intended with high fidelity. A low dose received in EXE was partly explained by the
interventions favouring participants with a flexible everyday life and a supportive social network.
Dose received in EXE was increased during COVID-19. The scheduled EXE sessions represented
an intervention connection whereas MOT participants found themselves PA self-determined.

Mechanisms of impact comprised of commitment and perception of empowerment and PA.

Conclusion: The FitMum study reached a selected group of pregnant women. The PA interventions

were well delivered with high fidelity. Despite high intervention accessibility, the low dose
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received in EXE may be due to a need for time for other commitments in everyday life.
Mechanisms of impact comprised of intervention commitment, flexibility and empowerment
towards PA. PA was considered as constrained activities in EXE and a part of daily activities in
MOT. During COVID-19, the dose received in EXE increased compared to the previous physical
setup, and future interventions should consider a combination of physical and online exercise

training.

Trial registration: The study was approved by the Danish National Committee on Health Research
Ethics (#H-18011067) and the Danish Data Protection Agency (#P-2019-512). The study adheres to

the principles of the Helsinki declaration. Written informed consent was obtained at inclusion.

Keywords: Complex interventions, process evaluation, mixed methods, intervention research,

physical activity, pregnancy

Background

Physical activity (PA) during pregnancy is a safe and effective way of reducing pregnancy related
complications including excessive gestational weight gain (1,2), gestational diabetes mellitus (3,4),
gestational hypertension, pre-eclampsia (5,6), preterm delivery and caesarean section (4,7-9), and
depression (10). Harrison et al. showed in a systematic review that most pregnant women believe
that PA during pregnancy is important and beneficial (11). Despite this, a large percentage of
pregnant women do not achieve sufficient PA levels during pregnancy, as advised by the official
recommendations, and some pregnant women even decrease their PA level over the course of

pregnancy (5). Intrapersonal barriers including fatigue, lack of time and motivation, and pregnancy
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discomforts, are the most frequently reported factors related to low PA levels (11,12). In addition,
some pregnant women feel uncertain about whether participation in exercise interventions might

harm their unborn child (13).

Various intervention strategies have been tested to promote PA during pregnancy. However, few
studies have reported any superior interventions for increasing PA (14,15). In addition, intervention
adherence has varied, often with no or inconclusive explanations (16,17). Given the complexity of
PA interventions and the need to evaluate their impact, it is not sufficient to limit evaluation

activities to test effectiveness.

Our research group developed the FitMum study to investigate the effect of standard care (CON),
structured supervised exercise training (EXE) or motivational counselling on PA (MOT) in healthy,
inactive pregnant women (18). The effect evaluation of the FitMum study (Knudsen et al., under
review) showed that participants in EXE had a higher level of moderate-to-vigorous-intensity PA
(MVPA) (min/week) compared to participants in CON. However, the mean MVPA level in EXE
corresponded to one third of the internationally recommended level. No effect on MVVPA was found
in MOT compared to CON, and MVPA did not differ significantly between MOT and EXE. To
fully understand the interventions process evaluation is needed to monitor and document the
implementation of interventions to avoid simplification of essential details (19,20). In this way, it is
possible to better understand why an intervention was or was not successful and to uncover any
impact mechanisms behind the results achieved (19,20). However, despite its importance, only few
studies have provided knowledge regarding the mechanisms behind prenatal PA interventions (21—

23).

Indeed, the UK Medical Research Council guideline for process evaluation from 2015 (19) suggests

that both quantitative and qualitative methods are equally essential in process evaluations to
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examine if the intervention reached the audience as intended (reach), if components of the complex
intervention were provided as intended (fidelity), the quantity and quality of what was actually
implemented (dose) and how the interventions produced or prevented changes (mechanisms of

impact).

This mixed methods process evaluation aimed to improve the understanding of the effects on PA
that emerged from the effect evaluation of the FitMum study and to gain insight into factors
influencing the interventions by assessing the implementation (reach, fidelity and dose) and
mechanisms of impact of the two complex PA interventions delivered to pregnant women

participating in the FitMum study.

Methods

Study design

The process evaluation of the FitMum study adapted the Medical Research Council process
evaluation framework developed by Moore et al. in 2015 (19). The framework was applied to
investigate implementation components of the two interventions delivered in the FitMum study
covering intervention reach, fidelity, dose and mechanisms of impact. The process evaluation was
nested inside the FitMum study with a mixed methods intervention design applied to let the

qualitative strands help interpret and contextualise the quantitative results (24).

The FitMum study was a single-site, three-arm randomised controlled trial that included 220
healthy inactive (less than one hour/week of MVVPA during early pregnancy) pregnant women in a
two-year period from October 2018 to October 2020. One participant was lost to follow-up before
randomisation; hence 219 participants were randomised into CON (n=45), EXE (n=87), or MOT

(n=87). CON received standard care. The interventions (EXE and MOT) ran from randomisation to
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delivery targeting a minimum 30 min/day of moderate intensity PA. The content of the two

interventions are illustrated in Figure 1 and described in detail elsewhere (18).

Randomisation

The FitMum interventions with physical attandance ) Delivery

GA =16 weeks
and 0 days

EXE
Structured supervised exercise training

3 weekly 1-hour sessions:

MON TUE WED THU FRI  SAT
pm.  am. pm. p.m. am. am.

. 1) X i1 ; &
oo o 00 e o0 00

- 2 gym group sessions oo
- Stationary biking
- Resistance training

-1 swimming pool group session &
- Swimming
- Water exercises

MOT
Motivational counselling on physical activity

7 sessions of 1-2 hours in pregnancy:

>G‘| " R B G2 4 G3>

] i ] i ] ]
) @] @] o0 O Q-0

= o R | [ 2 e (Y o

- 4 individual sessions (11-4)
- Individual action planning based on tracker data
- Goal setting

- 3 group sessions (G1-3) <&
- Guidelines for physical activity in pregnancy
- Discussions on physical activity themes

- 1 personalised SMS per week

- Motivating for physical activity

Minimum of 30 minutes of physical activity at moderate intensity per day

Figure 1. Content of the structured supervised exercise intervention (EXE) and the motivational counselling on

physical activity (MOT) as they were designed originally. EXE sessions were offered six days/week and the participants

in EXE were recommended to choose three sessions/week. During the six days/week, gym sessions were offered four

days (Mon, Wed, Fri and Sat). Swimming pool sessions were offered twice/week (Tue and Thu). Morning sessions

were held three times/week (Tue 7:15 am, Fri 7:00 am and Sat 9:00 am); Afternoon sessions were held three

times/week (Mon 4:30 pm, Wed 4:30 pm and Thu 4:45 pm). Participants in MOT were offered seven sessions during

the intervention period. Distribution of the seven counselling sessions in MOT: G1, <3 weeks after randomisation; 11,

4-6 weeks after randomisation; 12 and 13 equally distributed between 11 and G2; G2, gestational age (GA) 24-26 weeks;
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126

14, GA 31-32 weeks, G3, GA 35-37 weeks. Mon, Monday; Tue, Tuesday; Wed, Wednesday; Thu, Thursday; Fri,

127 Friday; Sat, Saturday. G, group counselling session; I, individual counselling session. The figure is created with
128  Biorender.com.
129  Data collection and components
130  Data collection methods included quantitative data and semi-structured individual interviews of
131  participants. Table 1 presents the process evaluation dimensions, their definitions and
132 corresponding measurements.
Process evaluation . o T
. . Definition Quantitative measures Qualitative inquiries
dimension
The proportion of women Number of wormen
. Prop . . included in the FitMum  What were the reasons to
Reach included in the FitMum . .
study and their reasons to participate?
study .
participate
How COVID-19
To what extent the restrlctlons a1_‘fected
interventions were intervention
Fidelity implemented as intended implementation Not obtained
according to the protocol
grothep How COVID-19 affected
intervention participation
How was intervention
accessibility experienced?
. T_he numbt_er of mte_nded How often the sessions How did participants
Dose delivered intervention sessions . -
were offered organise themselves in
conducted . .
their everyday life to
participate in the
interventions?
To_V\_/hat extent To what extent Wha}t barrler_s and
. participants used . facilitators did the
Dose received participants adhered to .
resources as . . participants meet towards
the interventions . .
recommended physical activity?
How did the participants
. experience and perceive
How the delivered P . P
. . . . . the impact of the
Mechanisms of impact interventions produced Not obtained . -
interventions and what
changes . .
were their physical
133 activity motives?
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Table 1. Data collection of the process evaluation of structured supervised exercise training (EXE) and motivational
counselling on physical activity (MOT). The dimensions addressed are in relation to implementation (reach, fidelity,
and dose) and mechanisms of impact. Quantitative measures of reach were obtained at enrolment from all 220 included
participants. Quantitative measures of fidelity, dose delivered and received, and mechanisms of impact were obtained
during the intervention period from 87 participants randomised to each interventions group. All qualitative inquiries

were obtained from 10 participants in EXE and 10 participants in MOT at the 35™ gestational week.

Quantitative measures

Reach was covered at inclusion by asking participants where they were introduced to the FitMum
study and their immediate reason(s) to participate. Answers were quantified into predefined options
based on the recruitment strategy (online booking of ultrasonic scan, outpatient clinic at the
hospital, posters at e.g. the general practitioner, social media, family and friends, online pregnancy
related platforms or other options) and generally known reasons for participating in intervention
studies (to increase PA, contribute to research, closer contact with health professionals, interact with
peers or other reasons). Fidelity was assessed during the study period comparing the FitMum study
protocol (18) with how intervention components were carried out, e.g. before and during COVID-
19. Dose was assessed administratively by recording intervention attendance after each session

from randomisation to delivery.

Qualitative interviews

Semi-structured individual interviews (25) were conducted between July and December 2019
(before the COVID-19 restrictions) on a subset of enrolled participants during a test visit at the 35™
gestational week. One woman cancelled the visit and five women were prevented from participating
in an interview for different reasons. An interview guide (25) with the following themes was used:

Inclusion and participation in the FitMum study, perception of the content in the interventions, PA
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in everyday life, barriers and enablers towards PA and the importance of PA during pregnancy
(Supplementary material: interview guide). Reach was assessed by participants elaborating on their
reasons for participating. Dose was evaluated by participants giving insight to their everyday lives
and the way they interacted with the interventions. Mechanisms of impact was covered by the
participants’ experience of the impact of the intervention components and key enablers and barriers

that may influence the implementation and effectiveness of the interventions.

All interviews were conducted by project staff at the FitMum study facilities at Nordsjaellands
Hospital and lasted from 31 min to 1 hour and 3 min, with an average of 48 min. All interviews
were audio-recorded, added to the Research Electronic Data Capture (REDCap) and subsequently

transcribed verbatim in their full length.

Analysis

Integration of quantitative and qualitative data

Data analyses of quantitative and qualitative data were performed independently, and the findings
were embedded within the mixed methods intervention design applied to let the qualitative strands
help interpret and contextualise of the quantitative results (24). Quantitative and qualitative data
were equally prioritised and presented theme-by-theme using a “weaving technique” reported in a
narrative form (26). Linkages between the quantitative and the qualitative findings led to three
anticipated outcomes: 1) confirmation, when results from quantitative and qualitative material
confirmed results of each other, 2) expansion, when results of analyses of quantitative and
qualitative data were different and extended insights occurred and 3) discrepancy, when results of

analyses of quantitative and qualitative data were inconsistent and contradicted each other (26,27).
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179  Quantitative data to explore reach, fidelity and dose

180  Descriptive statistics of characteristics of the participants in the FitMum study are presented as
181  means = standard deviation for symmetric distributions and medians (interquartile ranges) for
182  skewed data. Categorical variables are presented as number (n) and frequency (%). Wald-based
183  95% confidence interval are given for reported intervention attendance estimates. Analysis

184  regarding study alterations due to the COVID-19 restrictions included participants who received

185 either exclusively the physical.

186  Qualitative analysis to explore reach, dose, and mechanisms of impact

187 A thematic content analysis of the interviews was performed using NVivo version 1.6.1 (28,29).
188  First, SAPK (first author) obtained the total impression of the material by listening to all audio-
189  recordings and reading all transcripts. Second, the interviews were coded separately on a line-by-
190 line basis and initially organized according to the topic of questions from the interview guide in a
191  systematic text condensation (29). Codes were then inductively derived considering different

192  intervention components and the dimensions of the evaluation framework. SAPK and JBg (co-

193  author) discussed the coding structure, and issues were resolved by consensus. Third, SdPK and
194  JBg developed themes to map each dimension of the framework. Identified themes were supported
195 by direct quotes from the interviewees. The interview guide and all quotes involved in the

196  manuscript were translated from Danish to English.

197 Results

198  Characteristics of participants
199  Two hundred and twenty healthy, inactive pregnant women were included in the FitMum study and

200 219 with a median gestational age of 12.9 (9.4-13.9) weeks were randomised (Table 2).
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Participants randomised to the FitMum study Interviewees

ALL CON EXE MOT All EXE MOT
n=219 n=45 n=87 n=87 n=20 n=10 n=10
Age (years), mean (SD) 315 (4.3) 32.0 (4.6) 31.1(4.3) 31.7 (4.1) 32.3(4.0) 31.2(3.4) 33.3(4.5)
Gestational age at inclusion (weeks), median (IQR) 12.9(9.4-13.9) 12.9(9.7-13.9) 12.6 (9.3-13.7) 12.9 (9.6-13.9) 11.3(9.7-13.1) 11.5(9.7-135) 11.2 (9.9-12.8)
Weight at inclusion (kg), mean (SD) 75.4 (15.3) 72.0 (13.7) 76.2 (17.4) 76.3 (13.8) 73.3(17.1) 72.7 (15.6) 73.9 (19.4)
Prepregnancy BMI (kg/m?)*, median (IQR) 24.1(21.8-28.7)  235(21.3-268)  252(21.6-29.8)  24.1(224-289)  23.7(21.5-28.1) 23.7(21.8-27.3) 24.3(21.3-30.3)
Nulliparity, n (%) 82 (37) 16 (36) 40 (46) 26 (30) 8 (40) 4 (40) 4 (40)
Educational lewel
School >12 years, n (%) 191 (87) 41(91) 74 (85) 76 (87) 18 (90) 9 (90) 9 (90)
Further education >3 years, n (%) 175 (80) 33(73) 73 (84) 69 (79) 18 (90) 9 (90) 9 (90)
Employed or studying, n (%) 199 (91) 39 (87) 83 (95) 77 (89) 17 (85) 9 (90) 8 (80)

Table 2. Baseline characteristics of the participants in FitMum and the subset of participants who were interviewed.
Descriptive data are presented as means = SD for symmetrically distributions, medians (IQR) for skewed data, and n
(%). *Prepregnancy body mass index (BMI) is calculated based on n=218 (CON: n=45, EXE: n=86, MOT: n=87) due
to a missing value. School >12 years corresponds to high school. Further education >3 years corresponds to a university
degree (bachelor or master level). No statistical comparisons have been performed on descriptive characteristics in
accordance with CONSORT recommendations. SD, standard deviation; IQR, interquartile range; n, number; CON,

control group; EXE, structured supervised exercise training; MOT, motivational counselling on physical activity.

A total of 20 interviews were conducted; ten interviews of participants randomised to EXE or MOT,
respectively. Maternal baseline characteristics of the subset of 20 interviewees and the 219
randomised participants in the FitMum study did not seem to differ. Compared with the general
population of pregnant women who delivered at Nordsjaellands Hospital in 2017, participants in the
FitMum study were more likely to have an educational level at or above a bachelor’s degree (80%

vs. 29%).

Reach

Of the included participants, 58% (n=128) reported, that they were introduced to the FitMum study
while booking their first-trimester ultrasonic scan, 20% (n=45) at the outpatient clinic at
Nordsjaellands Hospital, 15% (n=32) via posters at e.g. their general practitioner, 10% (n=23) via

social media, 8% (n=18) via friends or family, 5% (n=12) via an online Danish pregnancy platform
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(30), and 9% (n=19) via other options. Before randomisation, 91% (n=201) stated that they wanted
to participate in the study to increase their level of PA, 56% (n=123) to take part in and contribute
to research, 7% (n=16) to have a closer contact with health professionals, 5% (n=10) to interact
with other pregnant women, and 8% (n=18) had other reasons. Participants in both intervention
groups expressed in the interviews that the desire to become more physically active was mostly for
the woman’s own good and arose from various factors; in general, there was an underlying
understanding that the body naturally weakens during pregnancy. Hence, a physically active
pregnancy was equated to an uncomplicated pregnancy with e.g. less pain and decreased risk of
pregnancy complications. In extension, the participants reasoned that an uncomplicated pregnancy
would lead to an uncomplicated delivery and emphasised that being in a good physical condition
was a prerequisite for an uncomplicated delivery. The women assumed that their PA level would be
low and mainly reserved to general everyday activities if not being a part of the interventions. One

woman linked a hypothetically low PA level with self-blame and expressed that:

“(If not being a part of the intervention) | could fear that | was still on the couch at home. That |
hadn't gotten my act together. And then | think 1 would have felt guilty if I then had an awful

delivery. I could blame myself a bit for that, actually” (Participant no. 117, EXE).

It appeared that the desire to become more physically active unconsciously resulted in a feeling of
responsibility not only for the woman herself, but also in terms of the delivery outcome and the
well-being of the child. In addition, excessive gestational weight gain was framed as a concern.
Some women stated that they had gained more weight than wanted in their previous pregnancies
and by being physically active they wanted to limit their weight gain in their present pregnancy.
One woman explained that she, because of being overweight, felt a greater responsibility to be
physically active during the pregnancy. She expressed a concern about being judged by others if she

did not make an effort to improve the health of her unborn child through PA.
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Fidelity

The original planned sessions were held for 17.5 months with 120 participants (CON: n=24, EXE:

n=48, MOT: n=48) receiving the physical interventions only. On March 11", 2020 COVID-19

restrictions were implemented in Denmark. Thus, the original setup of the interventions with

physical attendance was altered into an online design of both interventions with participants

attending from home (18). In the altered interventions, EXE sessions were held virtually (except for

three months with swimming pool access) with 30 min of individual, offline and self-selected

aerobic PA followed by 30 min online structured aerobic and strength PA in groups. In MOT, the

content and distribution of group and individual sessions remained the same, however held online

(Figure 2).

Randomisation)

The FitMum interventions with online attandance > Delivery

GA =16 weeks
and 0 days

EXE
Structured supervised exercise training

3 weekly 1-hour sessions:

MON TUE WED THU FRI  SAT

pm. am. p.m. p.m. am. am.
[

i i ] ] i
=) G Q. =2, =2,

.-.-l r .'i- . |.

- 30 minutes self-selected physical activity
- Offline, individual session
- E.g. biking, brisk walking, cardio exercises

- 30 minutes online physical activty
- Online, group session
- Arobic and resistance training

MOT
Motivational counselling on physical activity

7 sessions of 1-2 hours:

> G1 I 12 13 G2 14 G3 >

] | i i ] ]
- { "\ ey

L]

]
IR k- ] S Q-0 et
= o = | -] 2 e Y A

- 4 online individual sessions (11-4)
- Individual action planning
- Goal setting

- 3 online group sessions (G1-3) <=~
- Guidelines for physical activity in pregnancy
- Discussions on physical activity themes

- 1 personalised SMS per week
- Motivating for physical activity

Minimum of 30 minutes of physical activity at moderate intensity per day
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Figure 2. Content of EXE and MOT designed to be delivered online. The period covers participation from March 12,
2020 to May 2021 due to COVID-19 restrictions. EXE sessions were offered six days/week and participants in EXE
were recommended to choose three sessions/week. The sessions were home-based and held online. Morning sessions
were held three times/week (Tue 7:15 am, Fri 7:00 am and Sat 9:00 am); Afternoon sessions were held three
times/week (Mon 4:30 pm, Wed 4:30 pm and Thu 4:45 pm). Participants in MOT were offered seven home-based,
online sessions during the intervention period. Distribution of the seven counselling sessions in MOT: G1, <3 weeks
after randomisation; 11, 4-6 weeks after randomisation; 12 and I3 equally distributed between 11 and G2; G2, gestational
age (GA) 24-26 weeks; 14, GA 31-32 weeks, G3, GA 35-37 weeks. Mon, Monday; Tue, Tuesday; Wed, Wednesday;
Thu, Thursday; Fri, Friday; Sat, Saturday. G, group counselling session; I, individual counselling session; EXE,
structured supervised exercise training; MOT, motivational counselling on physical activity. The figure is created with

Biorender.com.

The online sessions ran for 14.5 months with 63 participants (CON: n=14, EXE: n=25, MOT: n=24)
receiving the online interventions only as they were included and delivered during the pandemic.
Thirty-six participants (CON: n=7, EXE: n=14, MOT: n=15) received both the physical and online
intervention as they were included before the COVID-19 restrictions but gave birth during the
pandemic. There were no differences in the lost to follow-up rate between participants who were

included before or during COVID-19 restrictions.

Dose delivered

EXE sessions were delivered six days a week and the participants were recommended to choose
three of the sessions (Figure 1). During the study period of approximately 32 months, one EXE
session was cancelled due to sickness among the intervention providers. Only during few holiday
periods were EXE sessions offered less than six days a week and some sessions were rescheduled.
No MOT sessions were cancelled by the intervention providers. A few MOT sessions were

scheduled out of range due to holidays or sickness. However, providers strived to reschedule the
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sessions as close to the allocated period as possible (Figure 1). During the process of re-designing
the interventions into the online setup due to COVID-19 restrictions, six consecutive EXE sessions

were cancelled.

Participants in both intervention groups expressed in the interviews that the intervention
accessibility was high. All participants in EXE expressed that the accessibility of the sessions was
important to fit the exercise training into their daily lives. Some expressed that the scheduled
sessions resulted in a regular exercise routine in which they preferred to attend sessions on the same
weekdays. Some participants even scheduled the sessions into their work calendar to indicate to
colleagues that they were occupied. For others, the timing of the EXE sessions was a barrier to
participation, as it was difficult to fit in to their everyday life and commitments. They were
dependent on the frequently offered EXE sessions to devise a more flexible schedule. A woman in

EXE mentioned that:

“It (attending exercise sessions) has been a bit difficult to juggle, but being employed as I am, [
have quite flexible working hours, and as the sessions were offered on so many different days, |
could sort of choose the days when I didn’t have to show physically for work” (Participant no. 73,

EXE).

Dose received

Throughout the study period, participants randomised to EXE attended on average 1.3 [95%
confidence interval, 1.1; 1.5] sessions/week of the recommended 3 from randomisation to delivery.
The attendance rate in the online setup of the EXE intervention was 45% higher compared to the
attendance rate in the physical setup (online: 1.6 [1.3; 2.0] sessions/week; physical: 1.1 [0.9; 1.4]

sessions/week, p=0.027) (Knudsen et al., under review).
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During the study period 28% (n=24) the 87 participants in EXE participated on average in 2 or
more sessions/week, 32% (n=28) participated on average in 1-1.9 sessions/week, and 40% (n=35)
participated on average in less than 1 session/week. Among the 48 participants in who received the
physical EXE intervention only, 19% (n=9) attended 2 or more sessions/week, 35% (n=7) attended
1-1.9 session/week, and 46% (n=22) attended less than 1 session/week. Among the 25 women who
received the online EXE intervention only, 52% (n=13) attended 2 or more sessions/week, 24%
(n=6) attended 1-1.9 sessions/week and 24% (n=) attended less than 1 session/week. The attendance

rate in EXE in relation to gestational age is presented in Figure 3.

Physical EXE intervention Online EXE intervention

Number of sessions per week
Number of sessions per week

Gestational age in weeks Gestational age in weeks

Figure 3. The average weekly number of structured supervised exercise training (EXE) sessions attended in the
physical (left) and online (right) intervention, respectively. All participants randomised to EXE (n=87) are included.
The attendance was registered from randomisation (~gestational age 10) to delivery (~gestational age 40). Full line,
mean number of sessions attended; Dotted lines, 95% confidence interval. The confidence interval at gestational age 13
in the right plot (online interventions) was not calculated because data were essentially constant (all participants

attended three times at their GA 13).

Dose received among participants in EXE who were still included and not lost to follow-up did not

differ from dose received among all participants randomised to EXE. Throughout the study period,
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321  morning and afternoon sessions seemed to be equally attractive, whereas the Saturday session (a

322 morning gym session) was the most attended during the week (Table 3).

Mon Tue Wed Thu Fri Sat Gym Pool Morning Afternoon Owrall

Sessions attended, n (%)

The entire study period 572 (19) 392 (13) 458 (15) 526 (18) 396 (13) 656 (22) 2226 (74) 774 (26) 1444 (48) 1556 (52) 3000 (100)

Before COVID-19 330 (20) 243 (14) 215 (13) 335(20) 257 (15) 322 (19) 1133 (66) 578 (34) 822 (48) 889(52) 1711 (57)

323  During COVID-19 233 (18) 149 (12) 243 (19) 191 (15) 139 (11) 334 (26) 1093 (85) 196 (15) 622 (48) 667 (52) 1289 (43)

324  Table 3. Distribution of sessions attended (number and percentages) the structured supervised exercise training (EXE)
325 in days of the week, gym or pool, and time of the day. Before COVID-19, from October 2018 to March 11", 2020;
326  During COVID-19, from March 12%, 2020 to May 2021 due to COVID-19 restrictions. N, number. During the study

327  period participants in EXE overall joined a session 3000 times.

328

329  Throughout the study period, participants randomised to MOT attended 5.2 [4.7; 5.7] out of 7

330  counselling sessions (74%) during their pregnancies. The number of MOT sessions attended did not
331  differ between participants offered physical or online sessions (physical: 5.3 [4.6; 6.0]; online: 5.6
332 [4.8; 6.4], p=0.970) (Knudsen et al., under review). Sixty four percent of the 87 participants in

333  MOT (n=56) attended six or seven sessions, 13% (n=11) attended four or five sessions and 23%
334  (n=20) attended up to three sessions. More than 80% of participants randomised to MOT attended
335  the first group and the first individual session whereas 57% attended the last group session (Table

336 4).

Gl 11 12 I3 G2 14 G3
Participants, n (%) 71(82)  75(86)  69(79)  68(78)  55(63)  63(72)  50(57)

337

338  Table 4. Attendance in group and individual sessions in MOT during the study period. G, group session; I, individual

339  session; MOT, motivational counselling on physical activity; N, number.

340
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The average percentage of attendance in group and individual sessions were 67% and 79%,
respectively. Among participants still included in MOT, more than 80% attended the first group and
all individual sessions and approximately 70% attended group session 2 and 3. For participants still
included in MOT, the average percentage of attendance in group and individual sessions was 76%
and 89%, respectively. Dose received among participants in MOT who were still included and not

lost to follow-up differed from dose received among all participants randomised to MOT.

In both intervention groups, participants expressed in the interviews that being part of a group was
valued, but that it was seen only as a fun and enjoyable factor and not to network or build new
relationships. To some degree, participants in EXE expressed that it was difficult to participate in
the sessions due to work, logistics, and family commitments in their everyday life, which they to a
larger extent than usual needed to organise. They experienced that in relation to some family
activities they were less present than they used to be and wanted to be. In addition, they were more
dependent than usual on their partner, for example, to pick up and drop off their children at day care
or school etc. and accompany them to leisure activities due to scheduled EXE sessions. A
participant in EXE, aged 30 years and with a three-year old child, described how she and her

husband organised everyday activities:

“Well, we need to do some planning. For example, | often attend on Wednesday afternoons, and my
daughter has also started gymnastics - so they (husband and child) also come home late and we will

eat leftovers that day ” (Participant no. 117, EXE).

Furthermore, it was difficult for participants in EXE to take part in family routines such as evening
meals or preparation of these on days with an afternoon EXE session. For some participants, this led
to a sense of guilt for not being present in family matters. However, participating in EXE sessions

was perceived as a good opportunity to focus on oneself and, despite spending less time with the
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family, the women experienced increased energy to take care of older children and everyday chores
at other times. On a purely practical level, participants in EXE expressed that they needed a car to
be able to reach the gym or swimming pool. A 31-year old woman explained how attendance was

hindered:

“I didn’t really think transportation would matter, but it did, because we only have one car ... | had
to drop off my child beforehand, it just didn’t add up. I actually invested in a travel card for the

train, but it was so much easier when the car was available” (Participant no. 87, EXE).

Commuting back and forth to the EXE sessions was by some of the participants in EXE not living
near the training facilities, perceived as time heavy and as a barrier towards participation. In
contrast, commuting was expressed as one of the most significant changes in the everyday life
among a large part of participants in MOT. Instead of driving between their workplace and home as
they normally would, they incorporated active commuting. In addition, the participants in MOT
incorporated more PA into already existing activities and added new activities that also involved
family members. Participants in MOT expressed that it was important for them not to let their PA
level limit their presence in family matters. A woman who was unemployed tried to schedule her

exercise routines by separating them from family time:

“I wanted to be physically active while my boyfriend was at work and my daughter was at day care,
so in that way | don't think it (her being physically active) had any impact on our daily lives”

(Participant no. 71, MOT).

In contrast, a woman with two older children combined family time with her being physically

active:

“My children do gymnastics twice a week, and instead of them biking alone, | bike with them. They

find it very nice. Additionally, my husband and | have had a few more evening walks together just
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the two of us while the kids were at home. It was really nice because I've also needed to “achieve”
some more steps (on the tracker). My husband just said: “Okay, then I'll come with you””

(Participant no. 109, MOT).

Notably, it seemed like participation in PA in MOT was perceived as easier to fit into everyday life,

and that it caused less conflicts than what was perceived among participants in EXE.

Mechanisms of impact

In general, participants in both intervention groups expressed in the interviews that they valued the
interventions and appreciated being part of a research study. The participants expressed that they
were able to plan their own working hours, which allowed them to interact with the interventions. A
mechanism of impact was that the scheduled EXE sessions represented a commitment that
participants in EXE felt responsible for keeping. It resulted in participants not having to continually
“renegotiate”, either with their families or with themselves, to prioritise time for PA in their daily
lives. Participants in EXE expressed that having intervention providers and other EXE participants
waiting for them had a high impact on their commitment to the intervention and was a motivator for

being physically active:

“I'm a very dutiful person, so when something is in my calendar and I've said it's a deal, well, it's a
deal. I'm not so dutiful when it comes to my own obligations to myself. But when | say I'm going to

show up, I show up.” (Participant no. 73, EXE).

In contrast, participants in MOT expressed that they felt self-determined towards PA and how to
structure and organise PA on their own while supervised and supported by the intervention
providers. A perception of empowerment was one of the most motivating and important

mechanisms of impact for participation in MOT and for their PA level and intervention
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maintenance. As participants in EXE, they expressed a great ability to independently structure their

everyday life, which was essential for participation:

“I have a job where I have a lot of flexibility, so when I had to go in for a counselling session, I've

Jjust taken time off and worked at another time” (Participant no. 124, MOT).

Another mechanism of impact was the perceptions of PA which were notably different between the
two groups. Participants in EXE considered PA to be an event that took place at a specific time
point. Once they had participated in an EXE session, PA was not considered integrated in the

remaining day:

“Well, I think (when attending an exercise session), | can tick that one off. Then I have kind of been

active today. It was like one of those things that I had on my agenda” (Participant no. 103, EXE).

It appeared that participants in EXE separated everyday activities from what they perceived as
actual exercise and distinguished between PA intensities. They found the sessions to be fruitful and
valuable, but at the same time they noted the low degree of autonomy regarding the specific content
of the sessions. For example, some of the participants in EXE found the 30 min session on the
stationary bike (the first part of the 1-hour session in the original setup) monotonous and bland.
However, their motivation was that stationary biking was the best activity to increase the heart rate
to the required level when they felt heavier which made them continue. Participants in MOT
expressed that PA of all kinds was considered valid, regardless of intensity. A woman expressed it

like this:

“Exercise doesn't have to be me going to the gym three times a week or me going for that run like
everybody else does. This thing about exercise, it can be many things. It can also be that | just take

the stairs 10 times or that | just walk faster with the pram now that I'm out walking anyway. So, |
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think it (PA) just became more simplified. That it doesn't have to be so difficult” (Participant no.

133, MOT).

The different perceptions of PA were also expressed in the way that the participants referred to the
mental and physical reactions and changes they experienced. Participants in EXE focused

particularly on bodily capacities, changes and appearance:

“You can tell from my body that I've been training hard ... I can see it in my posture and just things
like thighs and glutes and arms and stuff. They were maybe just a bit more untrained [before]”

(Participant no. 81, EXE)

and

“I think it has been amazing to feel that I have become stronger” (Participant no. 86, EXE).

Participants in MOT expressed a somewhat broader perception of PA effects as they found
themselves with greater insight and understanding of themselves being pregnant and with increased

mental health and well-being:

“I've really felt good about my body in this pregnancy and I think that's so great. I think it's largely
because I've gotten to know my body and I'm in such good condition” (Participant no. 124, MOT)
and “I think it (being a part of the intervention) had an impact on my well-being in general,
including my mental well-being. Because | can feel my mood gets better, when | exercise

(Participant no. 74, MOT).

Discussion

This process evaluation demonstrated that the FitMum study reached a selected group of pregnant
women with a high educational level and flexibility in their working and everyday life although it

per protocol was aimed to include participants representative for the general pregnant Danish
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population (Knudsen et al., under review). The participants had altruistic and personal reasons to
participate in the FitMum study and a general interest in their own and their unborn child's health,
which, in line with previous studies, enabled a prioritisation of PA in their everyday life (11,31).
Notably, the participants perceived being physically active as a prerequisite to an uncomplicated
pregnancy and delivery and expressed a potential self-blame if any complications occurred. A
paradox arose between a desire for being physically active and a sense of guilt for spending less
time with their family. It was identified that the interventions (dose) were well delivered, and that
implementation fidelity was high in both interventions applied in the original setup with physical
attendance and in the altered, online setup implemented during the COVID-19 pandemic. A low and
varying dose of the EXE intervention received, especially in the physical setup, might be explained
by the fact that the attendance in EXE relied on high everyday flexibility among participants.
During the COVID-19 restriction, the everyday life changed radically with positive consequences
for the dose received among participants in EXE. The high intervention accessibility was important
for the participants to adapt PA into their everyday life. Baseline characteristics of the participants
and their high everyday autonomy interacted more than anticipated with especially the dose

received in EXE and thus provided insights into unanticipated contextual factors.

This process evaluation showed that the interventions and the way participants were influenced by
them affected the mechanisms of impact differently in the two intervention groups. This was
reflected, among other things, in a discrepancy in the perception of PA among participants in the
two intervention groups. With the Self-Determination Theory (32) as a theoretical basis, the
approach was that behaviour is complex and that people are rarely driven by either intrinsic or
extrinsic motivation. Behaviour often tends to lie in the middle of either pure self-determination
driven by pleasure and interest (intrinsic) and at the other end of the continuum the non-self-

determined behaviour performed out of necessity or obligation (extrinsic). In brief, the theory posits
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that people are driven by connection to others, competence to perform a given task, and autonomy
of one's behavior to achieve psychological growth. As an example, participants in EXE experienced
an extrinsic motivation because of the experienced commitment to the intervention, which fuelled
an intrinsic motivation supported by the experienced ability to develop a routine for attending the
sessions as well as the perceived bodily changes. As lack of time and fatigue are commonly cited
barriers towards PA in pregnancy, participation in structured exercise may improve general PA
behaviour (11). Participants in EXE felt a connection to the intervention whereas participants in
MOT expressed a high perceived competence and autonomy towards PA, expressed as intrinsic
motivators such as the high perception of empowerment towards PA. Conversely, extrinsic
motivators including commitment to others and to the study itself were expressed by participants in

both interventions.

A systematic review (21) on issues of internal and external validity in interventions to improve PA
during pregnancy found that reach and effectiveness of the interventions were well reported in
randomised controlled trials and quasi-experimental studies with a comparator group included.
However, information on for example dose, representativeness of participants and setting were less
commonly reported. To the best of our knowledge, few process evaluations of PA interventions
during pregnancy have been performed, and none of them had a scope directly comparable to the
present study (22,23). The process evaluations of the pilot study of Vitamin D and Lifestyle
Intervention (DALI) (22) and the UK Pregnancies Better Eating and Activity Trial (UPBEAT) (23)
focused on lifestyle interventions including PA to prevent gestational diabetes mellitus among
overweight and obese pregnant women. Findings from the process evaluations of these studies
(22,23) coincided with some of the findings in the present study and revealed that practicalities
often interfered with regular attendance in sessions even though participants claimed that they were

willing to attend. Moreover, in the DALI study it was revealed that participation was very time-
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consuming for the women, which led to lower participation rates (22). Few effect evaluations of
interventions comparable to the FitMum study included process evaluation dimensions such as
reach and dose. Those dimensions were often reported in connection with the presentation of
participant flowcharts and attendance rates (17,33-35). Wang et al. (35) reported a high attendance
rate in a gym-based intervention, however, no mechanisms of impact were reported except from a
high predefined limit of intervention adherence that might have influenced the attendance. In
contrast, Oostdam et al. (17) reported a low attendance rate in a gym-based intervention which was
to some degree explained by a low intervention accessibility. For future perspectives the
mechanisms of impact as commitment, perception of empowerment and perception of PA as well as
the paradox between prioritising PA and family and the need of a flexible everyday life need to be
considered. When implementing PA interventions, the “efficacy paradox” should be paid attention
(36). This means that the most effective intervention, as studied under optimal conditions, might not
be the most effective intervention, when applied in a real-world setting. Less effective interventions

may have a greater potential of implementation in people’s everyday life and environments.

Strength and limitations

The main strength of the study was the application of a mixed methods design (24), which provided
a comprehensive insight into how the two complex PA interventions were implemented and an
explanatory interpretation of how they produced changes. The application of the Medical Research
Council process evaluation framework (19) enabled us to report findings of the process evaluation
dimensions and to illustrate facilitators and barriers influencing the intervention implementation and
effectiveness. Moreover, the framework supported an understanding of context and potential
mechanisms of impact related to the effects of the FitMum study on PA. A limitation was that the
unintended alterations of the intervention design due to the COVID-19 restrictions were only

quantitatively covered. While the attendance rate in EXE was significantly higher in the online
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intervention compared to the physical, a qualitative insight investigating any reasons could provide
important knowledge. Another limitation was that process evaluation data were among others
collected by one of the intervention providers (SdPK). However, this person’s in-depth knowledge

of the structure and content of the interventions supported a comprehensive process evaluation.

Conclusion

This mixed methods study demonstrated that participants reached in the FitMum study had a higher
everyday life autonomy and educational level compared to the general population. The PA
interventions (dose) were well delivered with high fidelity in the original physical intervention setup
as well as in the altered online intervention setup during the COVID-19 restrictions. Although
intervention accessibility was expressed as high, the low and varying dose received in EXE may be
a result of the fact that participation should not be at the expense of time spent with their

family. Mechanisms of impact comprised among participants in EXE a commitment to the
intervention and a flexible everyday life, whereas a perception of empowerment towards PA

was essential among participants in MOT. The perception of PA was different in the two
intervention groups as participants in EXE considered PA to be a time constrained activity, whereas
participants in MOT thought of PA as everyday activities without paying attention to PA intensity.
During the online EXE setup, the dose received increased compared to the physical EXE setup. For
future perspectives, prenatal PA interventions might benefit from integrating a combination of
physical attendance at one-hour structured supervised exercise sessions and frequent 30-min home-
based, online supervised exercise sessions to increase the dose received among pregnant women. In
addition, an awareness of PA perception, PA empowerment and commitment to others should be

considered.
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Additional file:

Interview guide

Inclusion and participation in the FitMum trial:

When you were enrolled in the FitMum trial, you were asked why you would like to participate. Try

to answer the same questions now (no matter your previous answer).

Can you tell me about your thoughts on health and physical activity during pregnancy?

Why and for whom was and is it important to participate?

Did you discuss your participation with your partner or others before you made the decision to

attend? If so, what impact did their attitude have on your participation?
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What was it like for you to sign up for a project that was only for women who exercised less than an

hour a week?

What thoughts did you have before and during participation about difficulties/barriers to

participation?

Can you tell me about the specific reactions you received from others (partner, family, friends,

colleagues) to your participation?

How were you greeted by the FitMum staff when you were enrolled and during the subsequent

visits? What influence did this have on your participation?

Please describe any changes to you and your family's everyday life (mainly in terms of physical

activity and time used) as a result of your participation in the FitMum trial.

Perception of the content in structured supervised exercise training (EXE) or motivational
counselling on physical activity (MOT), physical activity in everyday life, and barriers and

enablers towards physical activity:

Please describe a typical day and week while being a part of the FitMum trial.

Please describe a typical day when you attended an intervention session (concrete examples of what

you did to participate).

Please describe an intervention session. How did the session proceed, and what was your perception

of the session?

What did you do specifically to make it possible for you to participate? (work, family, cooking,

shopping, who helped you and how)
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What barriers did you perceive to participating (intervention accessibility, content, etc.)?

What could have made it easier to participate?

Please describe your thoughts and perceptions about physical activity in your everyday life. Is there

a difference from before pregnancy to now?

In concrete terms, what have you gained from being a part of the structured supervised exercise

training group?

Importance of physical activity during pregnancy:

Why/why not did you exercise during your present pregnancy?

What motivated you to be physically active?

Did your motivation toward physical activity change during your enrolment in the FitMum trial?

Please describe how.

What is important in your everyday life for you to be able to be physically active? (family, support,

time spend, leisure time, etc.)

How did your participation in the FitMum trial influence your physical activity level?

Please describe hypothetically how your everyday life (in terms of physical activity) would have

been if you had not been enrolled in the FitMum trial.

Do you have anything to add? Thank you very much
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