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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.

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.1 Pregnancy can be regarded as 
a window of opportunity to implement good 
habits of PA as pregnant women are in regular 
contact with health professionals and are likely 

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.
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motivated to adopt healthy behaviours, as illustrated by 
reduced alcohol consumption and smoking cessation.2–4 
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.5 6 Moreover, pregnancy is a relatively short 
period of time in regards to forming new habits6 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.7

Insufficient PA is a global problem8 that occurs also 
during pregnancy.8–12 It is a significant public health 
issue, as increasing evidence suggests that lifestyle during 
pregnancy influences health in the mother and her 
offspring.4 13 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.14–19 PA reduces GWG,20–26 the risk 
of gestational diabetes mellitus,27–32 the intensity of low 
back pain33 and the risk of caesarean delivery22 29 34–37 
and improves maternal body composition.38 Addition-
ally, a physically active pregnancy improves the health of 
the offspring by normalising birth weight,22 reducing the 
risk of preterm delivery39 40 and improving neonatal body 
composition41 42 as well as placental function,43 44 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,45 but only 38% of Danish preg-
nant women achieve this recommended level.46 Several 
barriers to PA during pregnancy are addressed in the 
literature,47 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.48 The latest 
recommendations on lifestyle interventions during preg-
nancy support individualised advice on how to increase 
the PA level rather than a generic approach,6 as pregnant 
women prefer personalised information.49 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 populations23 24 26 28 50–57 as well as in 
healthy normal- weight pregnant women.20 21 32 33 58–61 
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,20 21 23 24 26 28 32 33 50–55 58–63 but 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 18.5–45 kg/m2 
and body weight <150 kg (prepregnancy weight or first 
measured weight in pregnancy), ability to wear a wrist- 
worn activity tracker 24/7 until one year 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 a first- trimester scan, (2) at face- 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 6 days. 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 one week baseline period until one year 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 one week. 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 Replication64 
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,6 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 
three weekly 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 
30 min stationary bike training (a combination of hill 
climbing and high cadence intervals) and 30 min 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.14 
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 one hour 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.68 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.68 69 
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 0-6 days as determined by a wrist- worn 
activity tracker, Garmin Vivosport, with a built- in 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)70 named PPAQ- DK and by the doubly 
labelled water technique.71

PPAQ is a semiquantitative and subjective instrument, 
which has been validated70 and is considered one of the 
most valid and reliable questionnaires for the assessment 
of PA level in pregnant women.72 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 0.1 g of 99.8% 2H2O and 1.6 g of 10% 18O 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 79 which has also been validated 
in pregnant women.80 Exercise self- efficacy is determined 
by the Danish version of the Pregnancy Exercise Self- 
Efficacy Scale (P- ESES).81 P- ESES has been translated into 
Danish and validated in a Danish pregnant population by 
our research group.82 PA motivation is determined by the 
Danish version of the Behavioural Regulation in Exercise 
Questionnaire (BREQ-2),83–85 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).86 87 The PSQI is 
considered a valid and reliable tool to assess sleep metrics 
among pregnant women.88 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 five weeks, five months 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-
sion89–92 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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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 

Table 1 Procedures and measurements in FitMum RCT

Visit number Visit 1
Email 
randomisation Visit 2 Visit 3 Visit 4 Visit 5

One year 
after deliveryGestational age (week+days)

Screening and 
baseline testing 
max. 15+0

One week after 
inclusion

Week 
28+0–6

Week 
34+0–6

Delivery 7–14 days 
after 
delivery

Approximately 
week 40

Ultrasound scan ×             

Oral information about the study ×             

Medical interview to assess inclusion and 
exclusion criteria

×             

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

×     ×   ×     ×   

Medical history, concomitant disease and 
previous medication

×             

Demographic and anthropometric data of the 
participant’s partner

×             

Written informed consent ×             

Activity tracker and associated oral and 
written information

×             

Randomisation   ×           

Methodology for obtaining outcomes

Activity tracker Continuously during the trial and one year after delivery

Maternal body weight ×   × × × × Six times at 
home during 
the first year 
postpartum

Doubly labelled water     ×         

Questionnaires: PPAQ- DK, SF-36, PSQI, P- 
ESES, BREQ-2

×   × ×     ×

Maternal blood samples ×   × × ×     

Paternal blood sample         ×     

Umbilical cord blood sample         ×     

Placenta samples         ×     

DXA scan           ×   

Breastmilk sample           ×   

Qualitative interview ×     ×     ×

Observation and autodocumentation   Recurring

ASQ-3     ×

Growth assessment at general practitioner     Five weeks, 
and five and 
12 months

Parental mental well- being questionnaire     Six to eight 
weeks 
postpartum

7- day child accelerometer     ×

Safety

Record adverse events     × ×       

Symphysis- fundal height     × ×       

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.
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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 30 min 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.93–95 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.94 96 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.97

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 one year 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 seven days or more is 
reminded by email, text message or phone call. All tracker 
data are exported from Fitabase to R98 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 
it in 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.51 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,28 32 33 51 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.98 
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.99

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,14 45 100 101 and although 
anatomic and physiological changes occur during 
pregnancy, PA during an uncomplicated pregnancy is 
safe.14 22 29 40 60 102–105 All 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 25 mm 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 how 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,23 24 26 28 50–57 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 one year 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.106 Activity trackers are 
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often relatively light weight, comfortable to wear and 
rechargeable.107 In addition, using an activity tracker 
to measure PA during pregnancy is feasible, recom-
mended108 and has a reasonable compliance rate during 
pregnancy and after giving birth.109 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.110 Moreover, the unavailability of the raw data and 
algorithms used by the manufacturer creates a limitation 
in the validation of PA metrics.107 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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