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Physical activity in pregnancy: a mixed 
methods process evaluation of the FitMum 
randomised controlled trial interventions
Signe de Place Knudsen1,2*  , Caroline Borup Roland1,2, Saud Abdulaziz Alomairah1,2,3, Anne Dsane Jessen1,2, 
Stig Molsted4,5, Tine D. Clausen1,5, Ellen Løkkegaard1,5, Bente Stallknecht2, Julie Bønnelycke6, 
Jane M. Bendix1,4 and Helle Terkildsen Maindal7,8 

Abstract 

Background: Physical activity (PA) at moderate intensity is recommended for healthy pregnant women. The three-
arm FitMum randomised controlled trial showed that it was possible to increase PA level during pregnancy with 
structured supervised exercise training (EXE) compared to standard care. Motivational counselling on PA (MOT) did 
not increase PA. This process evaluation aims to understand the implementation and mechanisms of impact of EXE 
and MOT.

Methods: A mixed methods process evaluation was conducted using the UK 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 FitMum. Data was collected both quantitatively (n = 220) and qualita-
tively (n = 20).

Results: The FitMum trial reached educated pregnant women (80% having an educational level ≥ bachelor’s degree) 
with high autonomy of everyday life. Most participants (58%) were recruited at their first-trimester ultrasonic scan. 
Reasons to participate were personal (91%) and altruistic (56%). The intervention dose was delivered as intended with 
high fidelity in the original physical intervention setup and in the altered online setup during the COVID-19 restric-
tions. A low dose received in EXE (1.3 [95% CI, 1.1; 1.5] sessions/week) was partly explained by the pre-scheduled EXE 
sessions favouring participants with a flexible everyday life and a supportive social network. Dose received in EXE 
increased during online intervention delivery. Participants in MOT received 5.2 [4.7; 5.7] of 7 sessions. Mechanisms of 
impact comprised a perception of intervention commitment among participants in EXE due to the scheduled EXE 
sessions, whereas participants in MOT considered themselves as PA self-determined. PA was considered as con-
strained activities in EXE and included in daily activities in MOT.

Conclusion: The FitMum interventions was delivered with high fidelity. During COVID-19, the dose received in EXE 
increased compared to the previous physical setup. Mechanisms of impact as commitment, perception of empow-
erment and perception of PA as well as the paradox between prioritising PA and family and the need of a flexible 
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Background
Physical activity (PA) during pregnancy is a safe and 
effective way of reducing pregnancy related complica-
tions in healthy women including excessive gestational 
weight gain [1, 2], gestational diabetes mellitus [3, 4], 
gestational hypertension, pre-eclampsia [5, 6], preterm 
delivery, caesarean section [3, 4, 7, 8], and depression [9]. 
Most pregnant women believe that PA during pregnancy 
is important and beneficial [10]. Despite this, a large per-
centage of pregnant women do not achieve the PA levels 
during pregnancy, as advised by the official recommenda-
tions, and some pregnant women even decrease their PA 
level over the course of pregnancy [5]. Intrapersonal bar-
riers including fatigue, lack of time and motivation, and 
pregnancy discomforts, are the most frequently reported 
factors related to low PA levels [10, 11]. In addition, some 
pregnant women feel uncertain about whether participa-
tion in exercise interventions might harm their unborn 
child [12].

Various intervention strategies have been tested to pro-
mote PA during pregnancy. However, few studies have 
reported any superior interventions for increasing PA 
[13, 14]. In addition, intervention adherence has varied, 
often with no or inconclusive explanations [15, 16]. Given 
the complexity of PA interventions and the need to eval-
uate their impact, there is a need to test the efficacy with 
various methods.

Our research group developed the FitMum trial to 
investigate the effect of receiving structured supervised 
exercise training (EXE) or motivational counselling on 
PA (MOT), compared to standard care (CON), on PA 
levels. EXE and MOT will hereafter be referred to as 
the interventions. All women, who were to give birth at 
Copenhagen University Hospital - North Zealand, were 
informed about the FitMum trial. Healthy, inactive preg-
nant women who met the inclusion criteria were enrolled 
in the trial [17]. The effect evaluation of the FitMum trial 
[18] 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 [19]. No effect 
on MVPA was found in MOT compared to CON, and 
MVPA did not differ significantly between MOT and 
EXE. To fully understand the interventions and avoid the 
simplification of essential details a process evaluation is 

needed to monitor and document the implementation 
of the interventions [20, 21]. In this way, it is possible to 
understand why an intervention was or was not success-
ful and to uncover impact mechanisms behind the results 
achieved [20, 21]. However, despite its importance, only 
few studies have provided knowledge regarding the 
mechanisms behind successful prenatal PA interventions 
[22–24].

The UK Medical Research Council guideline for pro-
cess evaluation from 2015 [20] suggests that both quan-
titative and qualitative methods are equally essential 
in process evaluations to 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 aims to 
improve the understanding of the effects on PA that 
emerged from the effect evaluation of the FitMum trial 
[18]. doi:  https:// doi. org/ 10. 2196/ 37699) and to gain 
insight into factors influencing the interventions by 
assessing the implementation (reach, fidelity, and dose) 
and the mechanisms of impact of the two complex PA 
interventions delivered to pregnant women participating 
in the FitMum randomised controlled trial.

Methods
Trial design
The process evaluation of the FitMum trial adapted 
the UK Medical Research Council process evaluation 
framework developed by Moore et  al. in 2015 [20]. The 
framework was applied to investigate implementation 
components of the two interventions delivered in the 
FitMum trial covering intervention reach, fidelity, dose, 
and mechanisms of impact. The process evaluation was 
nested inside the FitMum trial with a mixed methods 
intervention design applied to let the qualitative strands 
help interpret and contextualise the quantitative results 
[25].

The FitMum trial was a single-site, three-arm ran-
domised controlled trial that included 220 healthy 
inactive (less than one hour/week of MVPA 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 

everyday life need to be considered when offering pregnant women PA interventions. Future interventions should 
consider a combination of physical and online exercise training for pregnant women.

Keywords: Complex interventions, Process evaluation, Mixed methods, Intervention research, Physical activity, 
Pregnancy
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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 ran-
domisation to birth targeting a minimum 30  min/day 
of moderate intensity PA. The primary outcome of the 
interventions was MVPA in min/day. The content of the 
two interventions are illustrated in Fig. 1 and described 
in detail elsewhere [17]. In brief, the EXE group was 
offered 1-hour group-based supervised exercise train-
ing at moderate intensity 3 times/week in a gym and 
swimming pool. The MOT group was offered 4 indi-
vidual and 3 group PA motivational counselling face-
to-face sessions of 1 to 2 h duration during pregnancy 
and 1 weekly personalized text message to support PA. 
EXE sessions were offered six days/week and the par-
ticipants in EXE were encouraged to choose three ses-
sions/week. During the six days/week, gym sessions 
were offered four days (Mon, Wed, Fri and Sat). Swim-
ming pool sessions were offered twice/week (Tue and 
Thu). Morning sessions were held three times/week 
(Tue 7:15 a.m., Fri 7:00 a.m. and Sat 9:00 a.m.); After-
noon sessions were held three times/week (Mon 4:30 
p.m., Wed 4:30 p.m. and Thu 4:45 p.m.). Participants 
in MOT were offered seven sessions during the inter-
vention period. Distribution of the seven counselling 
sessions in MOT: G1, < 3 weeks after randomisation; 
I1, 4–6 weeks after randomisation; I2 and I3, equally 

distributed between I1 and G2; G2, gestational age 
(GA) 24–26 weeks; I4, GA 31–32 weeks; G3, GA 35–37 
weeks.

Data collection and components
Data collection methods included quantitative data and 
semi-structured individual interviews of the participants. 
Table 1 presents the process evaluation dimensions, their 
definitions and corresponding measurements.

Quantitative measures
Reach was covered at inclusion by asking participants 
where they were introduced to the FitMum trial and their 
immediate reason(s) to participate. Answers were quan-
tified into predefined options based on the recruitment 
strategy (online booking of ultrasonic scan, outpatient 
clinic at the hospital, posters at e.g. the general prac-
titioner, social media, family and friends, online preg-
nancy 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 trial period 
comparing the FitMum trial protocol [17] with how inter-
vention components were carried out, e.g. before and 
during COVID-19. Dose was assessed administratively 

Fig. 1 Content of the structured supervised exercise training intervention (EXE) and the motivational counselling on physical activity intervention 
(MOT) as they were designed originally. Mon, Monday; Tue, Tuesday; Wed, Wednesday; Thu, Thursday; Fri, Friday; Sat, Saturday; G, group counselling 
session; I, individual counselling session. The figure is created with Biorender.com
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by recording intervention attendance after each session 
from randomisation to giving birth.

Qualitative interviews
Semi-structured individual interviews [26] were con-
ducted between July and December 2019 (before the 
COVID-19 restrictions) on a subset of enrolled partici-
pants during a test visit at the 35th gestational week. Of 
the 26 women approached, one woman cancelled the 
visit, and five women were prevented from participat-
ing in an interview for different reasons. An interview 
guide [26] with the following themes was used: Inclusion 
and participation in the FitMum trial, perception of the 
content in the interventions, PA in everyday life, barriers 
and enablers towards PA and the importance of PA dur-
ing pregnancy (Supplementary file 1). Reach was assessed 
based on participants elaborating on their reasons for 
participating. Dose was evaluated based on participants 
giving insight to their everyday lives and the way they 
interacted with the interventions. Mechanisms of impact 
was covered based on the participants’ experience of the 
impact of the intervention components and key enablers 
and barriers that may influence the implementation and 
efficacy of the interventions [20].

All interviews were conducted by project staff at the 
FitMum trial facilities at Copenhagen University Hospi-
tal - North Zealand and lasted from 31  min to 1  h 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 verba-
tim 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 embed-
ded within the mixed methods intervention design 
applied to let the qualitative strands help interpret and 
contextualise the quantitative results [25]. Quantitative 
and qualitative data were equally prioritised and pre-
sented theme-by-theme using a “weaving technique” 
reported in a narrative form [27]. Linkages between the 
quantitative and the qualitative findings led to three 
anticipated strategies: (1) confirmation, when results 
from quantitative and qualitative material confirmed 
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 quantitative and qualitative data were incon-
sistent and contradicted each other [27, 28].

Quantitative data to explore reach, fidelity and dose
Descriptive statistics of characteristics of the participants 
in the FitMum trial are presented as means ± stand-
ard deviation for symmetric distributions and medi-
ans (interquartile ranges) for skewed data. Categorical 

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 intervention group. All qualitative inquiries were obtained from 10 participants in EXE and 10 participants in MOT 
at the 35th gestational week

Process evaluation dimension Definition Quantitative measures Qualitative inquiries

Reach Participants included in the FitMum 
trial

Number of participants included in 
the FitMum trial and their reasons to 
participate

What were the reasons to participate?

Fidelity To what extent the interventions 
were implemented as intended 
according to the protocol

How COVID-19 restrictions affected 
intervention implementation

Not obtained

Dose delivered The number of intended interven-
tion sessions conducted

How often the sessions were offered How was intervention accessibility 
experienced?

How did participants organise 
themselves in their everyday life to 
participate in the interventions?

Dose received To what extent participants used 
resources as recommended

To what extent participants adhered 
to the interventions

What barriers and facilitators did the 
participants meet towards physical 
activity?

Mechanisms of impact How the delivered interventions 
produced changes

Not obtained How did the participants experience 
and perceive the impact of the inter-
ventions and what were their physical 
activity motives?
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variables are presented as numbers (n) and frequencies 
(%). Wald-based 95% confidence intervals are given for 
reported intervention attendance estimates. Analysis 
regarding trial alterations due to the COVID-19 restric-
tions included participants who received either exclu-
sively the physical intervention or exclusively the online 
intervention.

Qualitative analysis to explore reach, dose, and mechanisms 
of impact
A thematic content analysis of the interviews was per-
formed using NVivo version 1.6.1 [29, 30] to identify 
patterns in data. First, SdPK (first author) obtained the 
total impression of the material by listening to all audio-
recordings and reading all transcripts. Second, the inter-
views were coded separately on a line-by-line basis and 
initially organized according to the topic of questions 
from the interview guide in a systematic text conden-
sation [30]. Codes were then inductively derived con-
sidering different intervention components and the 
dimensions of the evaluation framework. SdPK and JBø 
(co-author) discussed the coding structure, and issues 
were resolved by consensus. Third, SdPK and JBø devel-
oped themes to map each dimension of the framework. 
Identified themes were supported by direct quotes from 
the interviewees. The interview guide and all quotes 
involved in the manuscript were translated from Danish 
to English.

Results
Characteristics of participants
Two hundred and twenty healthy, inactive pregnant 
women were included in the FitMum trial and 219 with 
a gestational age of 12.9 (9.4–13.9) (median (IQR)) weeks 
were randomised (Table 2).

Of the randomised participants 80% had an educational 
level ≥ bachelor’s degree. A total of 20 interviews were 
conducted; 10 interviews of participants randomised to 
EXE or MOT, respectively (Table  2). Maternal baseline 
characteristics of the subset of 20 interviewees and the 
219 randomised participants in the FitMum trial did not 
seem to differ.

Reach
Of the included participants, 58% (n = 128) reported, that 
they were introduced to the FitMum trial while book-
ing their first-trimester ultrasonic scan, 20% (n = 45) at 
the outpatient clinic at Copenhagen University Hospi-
tal - North Zealand, 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 [31], and 9% (n = 19) via 
other options. Before randomisation, 91% (n = 201) 
stated that they wanted to participate in the trial 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 inter-
act with other pregnant women, and 8% (n = 18) had 

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 (%). 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

Participants randomised to the FitMum trial 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 31.5 ± 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

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 (9.7–13.5) 11.2 (9.9–12.8)

Weight at inclusion (kg), 
mean

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/m2), 
median

24.1 (21.8–28.7) 23.5 (21.3–26.8) 25.1 (21.5–29.7) 24.1 (22.4–28.9) 23.7 (21.5–28.1) 23.7 (21.8–27.3) 24.3 (21.3–30.3)

Nulliparity 82 (37) 16 (36) 40 (46) 26 (30) 8 (40) 4 (40) 4 (40)

Educational level

 School ≥ 12 years 191 (87) 41 (91) 74 (85) 76 (87) 18 (90) 9 (90) 9 (90)

 Further education ≥ 3 
years

175 (80) 33 (73) 73 (84) 69 (79) 18 (90) 9 (90) 9 (90)

 Employed or studying 199 (91) 39 (87) 83 (95) 77 (89) 17 (85) 9 (90) 8 (80)
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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 com-
plications. In extension, the participants reasoned that 
an uncomplicated pregnancy would lead to an uncompli-
cated delivery and emphasised that being in a good phys-
ical condition was a prerequisite for an uncomplicated 
delivery. The women assumed that their PA level would 
be low and mainly reserved to general everyday activi-
ties 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) I could fear 
that I was still on the couch at home. That I hadn’t 
gotten my act together. And then I think I would 
have felt guilty if I then had an awful delivery. I 
could blame myself a bit for that, actually” (Partici-
pant no. 117, EXE).

It appeared that the desire to become more physically 
active unconsciously resulted in a feeling of responsi-
bility not only for the woman herself, but also in terms 
of the birth 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 pregnan-
cies 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 try to improve the health of her 
unborn child through PA.

Fidelity
The original planned sessions were held for 17.5 months 
with 120 participants included (CON: n = 24, EXE: 
n = 48, MOT: n = 48). In this period participants in 
EXE and MOT received physical interventions only. On 
March 11th, 2020 COVID-19 restrictions were imple-
mented in Denmark. Thus, the original setup of EXE and 
MOT with physical attendance was altered into an online 
design of both interventions with participants attending 
from home [17]. Overall, the online interventions applied 
the same conditions as the physical interventions. How-
ever, in the online setup, EXE sessions were held virtually 
with 30 min of individual, offline, and self-selected aero-
bic PA followed by 30 min online structured aerobic and 

resistance training in groups (except for three months 
with pertained authority that allowed swimming pool 
access). In MOT, the content and distribution of group 
and individual sessions remained the same, however held 
online.

The online sessions ran for 14.5 months with 63 partici-
pants (CON: n = 14, EXE: n = 25, MOT: n = 24). Partici-
pants in EXE and MOT received the online interventions 
only as they were included and gave birth during the 
pandemic. Thirty-six participants (CON: n = 7, EXE: 
n = 14, MOT: n = 15) were included before the COVID-
19 restrictions but gave birth during the pandemic. Par-
ticipants in EXE and MOT received both the physical 
and online intervention. 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 (Figs. 1 and 2). During the trial period of approx-
imately 32 months, one EXE session was cancelled due 
to sickness among the intervention providers. Only dur-
ing few holiday periods were EXE sessions offered less 
than six days a week and some sessions were resched-
uled. No MOT sessions were cancelled by the interven-
tion providers. A few MOT sessions were scheduled out 
of range due to holidays or sickness. However, providers 
strived to reschedule the sessions as close to the allocated 
period as possible (Figs. 1 and 2). 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 acces-
sibility 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 ses-
sions 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 dif-
ficult to fit in to their everyday life and commitments. 
They were dependent on the frequently offered EXE ses-
sions to devise a more flexible schedule. A woman in EXE 
mentioned that:

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

Dose received
Throughout the trial period, participants randomised to 
EXE attended on average 1.3 [95% confidence interval, 
1.1; 1.5] sessions/week of the recommended 3 sessions/
week from randomisation to birth. 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) [18].

During the trial period 28% (n = 24) of the 87 partici-
pants in EXE participated on average in 2 or more ses-
sions/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 
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 = 6) attended less than 1 
session/week. The attendance rate in EXE in relation to 
gestational age is presented in Fig. 2.

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 trial period, morning and afternoon 

sessions seemed to be equally attractive, whereas the 
Saturday session (a morning gym session) was the most 
attended during the week (Table 3).

Throughout the trial period, participants randomised 
to MOT attended 5.2 [4.7; 5.7] out of 7 counselling ses-
sions (74%) during their pregnancies. The number of 
MOT sessions attended did not differ between partici-
pants offered physical or online sessions (physical: 5.3 
[4.6; 6.0]; online: 5.6 [4.8; 6.4], p = 0.970) [18]. 64% of the 
87 participants in MOT (n = 56) attended six or seven 
sessions, 13% (n = 11) attended four or five sessions and 
23% (n = 20) attended up to three sessions. More than 
80% of participants randomised to MOT attended the 
first group and the first individual session whereas 57% 
attended the last group session (Table 4).

The average percentage of attendance in group and 
individual sessions were 67% and 79%, respectively. 
Among participants not lost to follow-up in MOT, more 
than 80% attended the first group and all individual ses-
sions and approximately 70% attended group session 2 
and 3. The average percentage of attendance in group and 
individual sessions was 76% and 89%, respectively.

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 

Fig. 2 The average weekly number of structured supervised exercise training (EXE) sessions attended in the physical (left) and online (right) 
interventions, respectively. All participants randomised to EXE (n = 87) are included. The attendance was registered from randomisation 
(~ gestational age 10) to birth (~ gestational week 40). Full line, mean number of sessions attended; Dotted lines, 95% confidence interval. The 
confidence interval at gestational week 13 in the right plot (online interventions) was not calculated because data were essentially constant (all 
participants attended three times at their gestational week 13)
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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 par-
ticipant in EXE, aged 30 years and with a three-year old 
child, described how she and her husband organised eve-
ryday activities:

“Well, we need to do some planning. For example, I 
often attend [training sessions] on Wednesday after-
noons, 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 ses-
sion. For some participants, this led to a sense of guilt for 
not being present in family matters. However, participat-
ing in EXE sessions was perceived as a good opportunity 
to focus on oneself and, despite spending less time with 
the 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 … I 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 bar-
rier 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 physical active 
commuting like biking. In addition, the participants in 
MOT incorporated more PA into already existing activi-
ties 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 unem-
ployed 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 I 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 com-
bined family time with her being physically active:

Table 3 Distribution of sessions attended (number and percentages) of the structured supervised exercise training (EXE) in days of 
the week, gym or pool, and time of the day. Before COVID-19, from October 2018 to March 11th, 2020; During COVID-19, from March 
12th, 2020 to May 2021 due to COVID-19 restrictions. n, number. During the study period participants in EXE overall joined a session 
3000 times. Mon, Monday; Tue, Tuesday; Wed, Wednesday; Thu, Thursday; Fri, Friday; Sat, Saturday

Week days Type of session Time of session Overall

Mon Tue Wed Thu Fri Sat Gym Pool Morning Afternoon

Sessions attended, n (%)
The entire trial 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-19 339 (20) 243 (14) 215 (13) 335 (20) 257 (15) 322 (19) 1133 (66) 578 (34) 822 (48) 889 (52) 1711 (57)

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)

Table 4 Attendance in group and individual sessions in MOT during the trial period. Distribution of the seven counselling sessions 
in MOT: G1, < 3 weeks after randomisation; I1, 4–6 weeks after randomisation; I2 and I3, equally distributed between I1 and G2; G2, 
gestational age (GA) 24–26 weeks; I4, GA 31–32 weeks; G3, GA 35–37 weeks. G, group session; I, individual session; n, number

G1 I1 I2 I3 G2 I4 G3

Participants, n (%) 71 (82) 75 (86) 69 (79) 68 (78) 55 (63) 63 (72) 50 (57)
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“My children do gymnastics twice a week, and 
instead of them biking alone, I bike with them. They 
find it very nice. Additionally, my husband and I 
have had a few more evening walks together just 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 in planning everyday life 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 inter-
ventions and appreciated being part of a research trial. 
Some of the participants expressed that they were able 
to plan their own working hours, which allowed them to 
participate in the interventions. A mechanism of impact 
was that the scheduled EXE sessions represented a com-
mitment that participants in EXE felt responsible for 
keeping. It resulted in participants not having to con-
tinually “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 
influenced highly on their commitment to the interven-
tion 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 obliga-
tions to myself. But when I 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 empow-
erment was one of the most motivating and important 
mechanisms of impact for participation in MOT and for 
their PA level and intervention maintenance. As partici-
pants in EXE, they expressed a great ability to indepen-
dently 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 just 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 par-
ticipated in an EXE session, PA was not considered inte-
grated in the remaining day:

“Well, I think (when attending an exercise session), I 
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 every-
day 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) to be 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. As 
oppose to the understanding of PA as an event in the EXE 
group, MOT participants seemed to have integrated PA 
more in daily activities. 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 eve-
rybody else does. This thing about exercise, it can be 
many things. It can also be that I just take the stairs 
10 times or that I just walk faster with the pram now 
that I’m out walking anyway. So, I 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. Partici-
pants 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]” (Partici-
pant no. 81, EXE).

and

“I think it has been amazing to feel that I have 
become stronger” (Participant no. 86, EXE).
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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 preg-
nancy, 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 shape” (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 I can feel my mood gets 
better, when I exercise (Participant no. 74, MOT).

Discussion
This process evaluation demonstrated that the FitMum 
trial reached a selected group of pregnant women with 
a high educational level. Compared with the general 
population of pregnant women who delivered at Copen-
hagen University Hospital - North Zealand in 2017, par-
ticipants in the FitMum trial were more likely to have an 
educational level at or above a bachelor’s degree (80% 
vs. 29%) (data not shown). A higher educational level 
might have led to more flexibility in working and eve-
ryday life although it per protocol was aimed to include 
participants representative for the general pregnant Dan-
ish population [17]. The participants had altruistic and 
personal reasons to participate in the FitMum trial and 
a general interest in their own and their unborn child’s 
health, which in line with previous studies, enabled the 
prioritisation of PA in their everyday life [10, 32]. Nota-
bly, the participants perceived being physically active as 
a prerequisite to an uncomplicated pregnancy and deliv-
ery and expressed a potential self-blame if any compli-
cations 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 inter-
ventions (dose) were well delivered, and that the imple-
mentation 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 interven-
tion 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 restrictions, 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 influenced the dose 
received in EXE more than anticipated and thus provided 
insights into unanticipated contextual factors. It could 
be hypothesised that barriers addressed in the resent 
process evaluation more likely could be accommodated 
rather than intrapersonal barriers as fatigue, discomforts, 
and uncertainty about exercising as reported by several 
other studies.

This process evaluation showed that the interven-
tions 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 [33] as a theoretical basis, the 
approach was that behaviour is complex and that people 
are rarely driven by either intrinsic or extrinsic motiva-
tion. Behaviour often tends to lie in the middle of either 
pure self-determination driven by pleasure and inter-
est (intrinsic) and at the other end of the continuum the 
non-self-determined behaviour performed out of neces-
sity or obligation (extrinsic). In brief, the theory posits 
that people are driven by a connection to others, com-
petence to perform a given task, and autonomy of one’s 
behaviour to achieve psychological growth. As an exam-
ple, participants in EXE experienced an extrinsic moti-
vation because of the experienced commitment to the 
intervention, which fuelled an intrinsic motivation sup-
ported by the experienced ability to develop a routine 
for attending the sessions as well as the perceived bod-
ily changes. As fatigue and lack of time are commonly 
cited barriers towards PA in pregnancy, participation in 
structured exercise may improve general PA behaviour 
[10]. Participants in EXE felt a connection to the interven-
tion whereas participants in MOT expressed a high per-
ceived competence and autonomy towards PA, expressed 
as intrinsic motivators such as the high perception of 
empowerment towards PA. Conversely, extrinsic motiva-
tors including commitment to others and to the trial itself 
were expressed by participants in both interventions.

A systematic review [22] on issues of internal and 
external validity in interventions to improve PA during 
pregnancy found that reach and efficacy of the inter-
ventions were well reported in randomised controlled 
trials and quasi-experimental studies with a compara-
tor group included. However, information on for exam-
ple dose, representativeness of participants and setting 
were less commonly reported. To the best of our knowl-
edge, few process evaluations of PA interventions during 
pregnancy have been performed, and none of them had 
a scope directly comparable to the present trial [23, 24]. 
The process evaluations of the pilot study of Vitamin D 



Page 11 of 13Knudsen et al. BMC Public Health         (2022) 22:2283  

and Lifestyle Intervention (DALI) [23] and the UK Preg-
nancies Better Eating and Activity Trial (UPBEAT) [24] 
focused on lifestyle interventions including PA to pre-
vent gestational diabetes mellitus among overweight and 
obese pregnant women. Findings from the process evalu-
ations of these studies [23, 24] coincided with some of 
the findings in the present trial and revealed that prac-
ticalities often interfered with regular attendance in ses-
sions even though participants claimed that they were 
willing to attend. Moreover, the DALI study revealed that 
participation was very time-consuming for the women, 
which led to lower participation rates [23]. Few effect 
evaluations of interventions comparable to the FitMum 
trial included process evaluation dimensions such as 
reach and dose. Those dimensions are often reported in 
connection with the presentation of participant flow-
charts and attendance rates [15, 16, 34, 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 interven-
tion adherence that might have influenced the attend-
ance. In contrast, Oostdam et  al. [16] reported a low 
attendance rate in a gym-based intervention which was 
to some degree explained by low intervention accessibil-
ity. For future perspectives the mechanisms of impact as 
commitment, perception of empowerment and percep-
tion 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 an effective intervention, when studied 
under optimal conditions, might not be as effective when 
applied in a real-world setting. Less effective interven-
tions may have a greater potential of implementation in 
people’s everyday life and environments.

Strength and limitations
The main strength of the trial was the application of 
a mixed methods design [25], which provided a com-
prehensive insight into how the two complex PA 
interventions were implemented and an explanatory 
interpretation of how they produced changes. The appli-
cation of the Medical Research Council process evalua-
tion framework [20] enabled us to report findings of the 
process evaluation dimensions and to illustrate facilita-
tors and barriers influencing the intervention implemen-
tation and efficacy. Moreover, the framework supported 
an understanding of context and potential mechanisms 
of impact related to the effects of the FitMum trial on 
PA. A limitation was that the unintended alterations of 
the intervention design due to the COVID-19 restric-
tions were only quantitatively covered. While the attend-
ance rate in EXE was significantly higher in the online 

intervention compared to the physical, a qualitative 
insight investigating any reasons could provide impor-
tant knowledge. Another limitation was that process 
evaluation data were among others collected by one of 
the intervention providers (SdPK). However, this per-
son’s in-depth knowledge of the structure and content 
of the interventions supported a comprehensive process 
evaluation.

Conclusion
This mixed methods process evaluation demonstrated 
that participants reached in the FitMum trial had a higher 
everyday life autonomy and educational level compared 
to the general population of pregnant women. The PA 
interventions (dose) were well delivered with high fidel-
ity in the original physical intervention setup as well as 
in the altered online intervention setup delivered during 
the COVID-19 restrictions. Although intervention acces-
sibility was expressed as high, the dose received in EXE 
were low and varying. During the online EXE setup, the 
dose received increased compared to the physical EXE 
setup. This may be explained by competing interests 
between spending time on PA and family life. Mecha-
nisms of impact comprised among participants in EXE 
a commitment to the intervention and flexible everyday 
life, whereas perception of empowerment towards PA 
was essential among participants in MOT. The percep-
tion of PA was different in the two intervention groups 
as participants in EXE considered PA to be a time con-
strained activity, whereas participants in MOT thought 
of PA as everyday activities with paying less attention to 
PA intensity. For future perspectives, prenatal PA inter-
ventions might benefit from integrating a combination 
of physical attendance at e.g. one-hour structured super-
vised exercise sessions and frequent 30-min home-based, 
online supervised exercise sessions to increase the dose 
received among the pregnant women. In addition, an 
awareness of PA perception, PA empowerment and com-
mitment to others should be considered.
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