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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 PA recommendations remains low among pregnant women.

Objective: The purpose of this study was to evaluate the effects of offering structured supervised exercise training (EXE) or
motivational counseling on PA (MOT) during pregnancy on moderate-to-vigorous intensity physical activity (MVPA) level.
Additionally, complementary measures of PA using the Pregnancy Physical Activity Questionnaire (PPAQ) and gold standard
doubly labeled water (DLW) technique were investigated. The hypotheses were that both EXE and MOT would increase MV PA
in pregnancy compared with standard care (CON) and that EXE would be more effective than MOT. In addition, the association
between MV PA and the number of sessions attended was explored.

Methods: A randomized controlled trial included 220 healthy, inactive pregnant women with a median gestational age of 12.9
(IQR 9.4-13.9) weeks. A total of 219 women were randomized to CON (45/219), EXE (87/219), or MOT (87/219). The primary
outcome was MV PA (minutes per week) from randomization to the 29th gestational week obtained by a wrist-worn commercial
activity tracker (Vivosport, Garmin International). PA was measured by the activity tracker throughout pregnancy, PPAQ, and
DLW. The primary outcome analysis was performed as an analysis of covariance model adjusting for baseline PA.

Results: The average MVPA (minutes per week) from randomization to the 29th gestational week was 33 (95% CI 18 to 47)
in CON, 50 (95% CI 39 to 60) in EXE, and 40 (95% CI 30 to 51) in MOT. When adjusted for baseline MVPA, participants in
EXE performed 20 (95% CI 4 to 36) minutes per week more MVPA than participants in CON (P=.02). MOT was not more
effective than CON; 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=.04). Attendance was higher for online (due to COVID-19 restrictions)
compared with physical exercise training (P=.03). Adverse events and serious adverse events did not differ between groups.

https://www.jmir.org/2022/7/e37699 JMed Internet Res 2022 | vol. 24 | iss. 7| €37699 | p. 1
(page number not for citation purposes)


mailto:signedpi@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Knudsen et al

Conclusions: Offering EXE was more effective than CON to increase MV PA among pregnant women, whereas offering MOT
was not. MV PA in theintervention groups did not reach the recommended level in pregnancy. Changing the intervention to online

due to COVID-19 restrictions did not affect MV PA level but increased exercise participation.

Trial Registration:
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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,
preeclampsia, cesarean delivery [3], and depression [4]. In
addition, lifestyleinterventions 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
remainslow among pregnant women worldwide[9]. Therefore,
a pressing issue to address is how to implement PA in the
everyday life of pregnant women.

A diverse range of approaches to PA interventions exists, of
which structured supervised exercise training and motivational
counseling on PA are used widely in the literature [10].
Supervised exercise training with scheduled exercise sessions
provides astandard approach to increase PA in pregnant women.
Recognizing the needs of an individually tailored approach
[11,12], motivational counseling focuses on PA behavior has
also been shown to reduce the decline or even increase PA
during pregnancy [13-15]. Structured supervised exercise and
motivational counseling on PA have been applied separately in
studies of pregnant women [16-26], 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
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the Danish version of the Pregnancy Physical Activity
Questionnaire (PPAQ-DK) [27,28] and by the gold standard
doubly labeled water (DLW) technique[29-31]. The hypotheses
were that both EXE and MOT would increase MVPA in
pregnancy compared to CON and that EXE would be more
effectivethan MOT [32,33]. In addition, the association between
MVPA and the number of sessions attended was explored.

Methods

Ethics Approval

The study was approved by the Danish National Committee on
Health Research Ethics (H-18011067) and the Danish Data
Protection Agency (P-2019-512) and registered at
Clinical Trials.gov (NCT03679130). The study adheres to the
principles of the Helsinki declaration. Written informed consent
was obtained at inclusion.

Patient and Public I nvolvement

The development of FitMum was inspired by stakeholders: 27
semistructured interviews with Danish pregnant women,
midwives, and obstetricians were performed to explore the
feasibility, facilitators, and barriersto PA during pregnancy.

Participantsand Trial Design

FitMum was a single-site randomized controlled trial (RCT)
conducted from 2018-2021 at the Department of Gynecology
and Obstetrics at Copenhagen University Hospital—North
Zedand, Denmark [32]. A total of 220 healthy, inactive pregnant
women with gestational ages of <15 weeks and 0 days were
included (visit 1). Participantswere randomized 1:2:2 into CON,
EXE, and MOT groups, respectively (Figure 1). Participants
wereinvited to atest visit at the 29th gestational week (visit 2)
and the 35th gestational week (visit 3).
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Figure 1. Flowchart of the FitMum randomized controlled trial including enrollment, study group alocation, follow-up, and data analysis. GA:
gestational age; CON: standard care; EXE: structured supervised exercise training; MOT: motivational counseling on physical activity.
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Interventions

All 3 groups were offered standard maternal care. The EXE
group was offered 1-hour group-based supervised exercise
training at moderate intensity 3 times per week in agym and
swimming pool. The MOT group was offered 4 individual and
3 group PA moativational counseling face-to-face sessions of 1
to 2 hoursduration during pregnancy and 1 weekly, personalized
text message to support PA. The motivation technique applied
isinspired by motivational interviewing [34], self-determination
theory [35], and behavior change techniques [36].

per day at a moderate intensity as recommended in Denmark
to healthy pregnant women [37]. Interventions were converted
into online versionsduring the COVID-19 pandemic restrictions
introduced in Denmark on March 11, 2020, and throughout the
study period. The EXE group could access the swimming pool
for 3 months during this period.

Outcome M easures

The data collection procedures are illustrated in Figure 2. PA
was continuously monitored by the activity tracker from
randomization to delivery, by PPAQ at visits 1, 2, and 3, and

Interventions ran from randomization until delivery. The target by DLW at visit 2.

PA level for the EXE and MOT groupswas at least 30 minutes
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Figure 2. Schedule of visits. GA: gestational age; CON: standard care; EXE: structured supervised exercise training; MOT: motivational counseling
on physical activity; DLW: doubly labeled water technique; PP: postpartum; DXA: dual-energy x-ray absorptiometry.
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Activity Tracker

The primary outcome was MVPA (minutes per week) from
randomization to visit 2. PA was from inclusion to delivery
continuously captured by a wrist-worn commercial activity
tracker (Vivosport, Garmin International) [38] with a built-in
heart rate monitor and accel erometer. Baseline PA was captured
from inclusion to randomization (6 full days). PA with a
metabolic equivalent of task (MET) value of =3 in bouts of at
least 10 consecutive minutes was recorded automatically as
MVPA by the activity tracker [38]. Secondary outcomes
measured by the activity tracker were PA duration at moderate
and vigorous intensities; 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 preset with PA notifications turned off and
an identical face of the tracker showing only clock and battery
level. After randomization, women in the MOT group were
encouraged to personalize the tracker with, for example,
individual goal settings and PA notifications as part of the
intervention. Interaction with the tracker was neither encouraged
nor controlled for the EXE and CON groups. Throughout the
study period tracker software was automatically updated [38].

Danish Version of the PPAQ

PA was digitally self-reported by participants using the
PPAQ-DK [28] at visits 1, 2, and 3. The questionnaire assesses
PA related to everyday activities during the current trimester
(eg, household, occupational, sports, and transportation) [27].

DLW Technique

Participants collected 2 baseline urine samples prior to visit 2,
drank the DLW dose at the visit, and then collected and stored
5 postdose urine samples at home on days 1, 4, 7, 11, and 14
and later at —80°C. [31,39]. The calculation of total energy

https://www.jmir.org/2022/7/€37699

expenditure (TEE) was based on the Weir equation [39], and
the active energy expenditure (AEE) was calculated by
subtracting the basal metabolicrate (BMR) fromthe TEE. BMR
was estimated by an equation appropriate for pregnant women
[40]. PA level (PAL) was calculated by dividing TEE by BMR.

Activity Tracker Data M anagement

PA was transferred via Bluetooth from the activity tracker to
the Garmin Connect app (Garmin Internationa ) [38] fromwhich
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 R software (R Foundation for
Statistical Computing).

Statistical Analyses

Statistical analyses were performed according to the statistical
analysis plan, which includes a sample size calculation [33]
using R. Data are presented as means and standard deviations
for symmetric distributions, mediansand |QRsfor skewed data,
and frequencies and percentages for categorical variables. The
level of statistical significance was 5% except for the primary
hypothesiswhich consisted of 2 subhypotheses; thetype| error
for each hypothesis test was a priori set to 2.5% to obtain a
family-wise error rate of 5%. Wald-based 95% CI were given
for all reported estimates [33]. I ntention-to-treat analyses using
all randomized participants were performed for the primary
outcome. Missing observations in tracker data due to nonwear
timewere imputed by multiple imputationsin 25 data setsusing
aprespecified seed, presel ected baseline variables (body weight,
age, PA, educational level, and parity), and the random forest
imputation model from the mice R package[41]. A statistician
blinded for the intervention performed the imputation and the
primary outcome analysis as an analysis of covariance model
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adjusting for baseline PA. MVPA before and during the
COVID-19 pandemic was compared within groupswith alinear
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 [42]. For the
PPAQ-DK outcome, a constrained linear mixed model was
fitted with the observation times as a factor [43]. Both within
and between-group effects were reported as estimated
differencesin means. For the DLW outcome, aone-way analysis
of variance was used to compare the 3 group averages. For the
DLW outcome, a 1-way analysis of variance was used to
compare the 3 group averages. Linear regression was used to
model the relationship between attended intervention sessions
and attained MV PA in the EXE and MOT groups.

Results

Participants and Adherenceto I nterventions

Intotal, 220 pregnant women were included from October 2018
to October 2020. Of those, 219 were randomly allocated to CON

Table 1. Baseline characteristics of randomized participants.

Knudsen et al

(45/219), EXE (87/219) or MOT (87/219; Figure 1). Maternal
baseline characteristics are presented in Table 1.

From randomization to visit 2, 15.1% (33/219) of participants
were lost to follow-up (CON: 10/45, 22%; EXE: 10/87, 11%;
MOT: 13/87, 15%). The main reason (18/33, 55%) was personal
matters (eg, time consumed with participation or family
reasons). From randomization to delivery, 18.7% (41/219) of
participantswerelost to follow-up, and proportionswere similar
across groups (Figure 1).

Participants randomized to EXE participated in 1.4 (95% ClI
1.2 to 1.6) exercise sessions per week from randomization to
visit 2, and 1.3 (95% Cl 1.1 to 1.5) exercise sessions per week
from randomization to delivery. Participants randomized to the
MOT group joined 5.2 (95% CI 4.7 to 5.7) counseling sessions
during their pregnancy.

Characteristics All (n=219) CON? (n=45) EXEP (n=87) MOT¢ (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 BMI9 (kg/m?), median (IQR) 241(21.8287)  235(21.3-268)  252(21.6-29.8)  24.1(22.4-289)
Nulliparity, n (%) 82 (37.4) 16 (3.56) 40 (46.0) 26 (29.9)
Educational level, n (%)

School 212 years 191 (87.2) 41 (91.1) 74 (85.1) 76 (87.4)

Further education >3 years 175 (79.9) 33(73.3) 73(83.9) 69 (79.3)

Employed/studying 199 (90.9) 39 (86.7) 83 (95.4) 77 (88.5)

8CON: standard care.
PEX E: structured supervised exercise training.
°MOT: motivational counseling on physical activity.

dPrepregnancy BMI is calculated based on n=218 (CON: 45/218, EXE: 86/218, MOT: 87/218) due to amissing value.

PA by Activity Tracker

Moderate-to-Vigorous | ntensity Physical Activity

The average MV PA (minutes per week) from randomization to
visit 2 was 33 (95% Cl 1810 47) in CON, 50 (95% CI 39 to 60)
in EXE, and 40 (95% CI 30 to 51) in MOT (Figure 3). When
adjusted for baseline MVPA, participants in EXE performed
20 (95% CI 4 to 36) minutes per week more MVPA than
participantsin CON (P=.02; Multimedia Appendix 1).

The same pattern was seen throughout the entire pregnancy,
hence the unadjusted average MVPA (minutes per week) was
35 (95% CI 19 to 51) in CON, 54 (95% CI 42 to 65) in EXE
and 43 (95% CI 32 to 55) in MOT from randomization to
delivery (Figure 3). Throughout pregnancy, participantsin EXE
performed 21 (95% CI 3 to 39) minutes per week more MV PA

https://www.jmir.org/2022/7/€37699

than participants in CON when adjusted for baseline MVPA
(P=.02; Multimedia Appendix 1).

There were no significant differences in adjusted MVPA
between CON and MOT (randomization to visit 2: P=.23;
randomization to delivery: P=.27) or between MOT and EXE
(randomization to visit 2: P=.14; randomization to delivery:
P=.15; Multimedia Appendix 1).

Unplanned analysis on cumulative MV PA from randomization
to delivery revealed great variability and that EXE tended to
have more MVPA compared with MOT, which became
significant in the late part of pregnancy (Figures 4 and 5). The
same tendency was seen between CON and EXE, but the
difference was insignificant. Cumulative MV PA did not differ
between CON and MOT.
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The number of training sessions attended in EXE from
randomization to delivery was positively associated with MV PA
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level (P=.04). No association was present between the number
of sessions attended in MOT and MV PA (P=.14).

Figure 3. Moderate-to-vigorous intensity physical activity (primary outcome) and additional activity tracker outcomes (mean and 95% CI) from
randomization to visit 2 (29th week of gestation; solid line) and from randomization to delivery (dotted line). MV PA: moderate-to-vigorous intensity
physical activity; CON: standard care; EXE: structured supervised exercise training; MOT: motivational counseling on physical activity.
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Figure5. Individua cumulative moderate-to-vigorous intensity physical activity from randomization to delivery in (A) standard care, (B) structured
supervised exercise training, and (C) motivational counseling on physical activity. MV PA: moderate-to-vigorous intensity physical activity.
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COVID-19 Sensitivity Analysis

MVPA (minutes per week) did not differ between participants
included before the COVID-19 pandemic (physical intervention
only, 120/219) and during the COVID-19 pandemic (online
intervention only, 63/219) in either CON (-14, 95% CI —49 to
22; P=.44), EXE (-16, 95% CI —42t0 11; P=.25), or MOT (-6,
95% CI —37 to 25; P=.712; Multimedia Appendix 2).

Women in EXE offered the onlineintervention only participated
in more exercise sessions per week than women offered the
physical intervention only (online: 1.6, 95% CI 1.3 to 2.0 and
physical: 1.1, 95% CI 0.9 to 1.4; P=.03). Participants in EXE
attended on average 4.9 swimming pool sessions during the
online intervention period. The number of MOT sessions
attended did not differ between women who were offered the
intervention before or during the COV ID-19 pandemic (physical:
5.3, 95% Cl 4.6 to 6.0 and online: 5.6, 95% CI 4.8 to 6.4;
P=.97). Participants included before the COVID-19 pandemic
and delivered during (36/219) were excluded in this analysis
based on their mixed intervention.

Secondary Activity Tracker Outcomes

All tracker outcomes are presented in Figure 3 and
accompanying statistics in Multimedia Appendix 1. PA at a
vigorous intensity (minutes per week) was higher in EXE than
in both CON and MOT (CON vs EXE: randomization to visit
2: 13, 95% CI 4 to 22; randomization to delivery: 13, 95% CI
4 to 22; MOT vs EXE: randomization to visit 2: 9, 95% CI 1
to 16, randomization to delivery: 9, 95% Cl 1to 17). In addition,
the maximum heart rate was 2 (95% Cl 0.3 to 3) beats per

https://www.jmir.org/2022/7/€37699

Gestational age (day)

200 250 100 150 200 250

Gestational age (day)

300

minute higher in EXE compared with CON from randomization
to visit 2. No other tracker outcomes differed between groups.

PA by PPAQ-DK

PPAQ-DK was completed for visits 1, 2, and 3 by 100%
(219/219), 83.1% (182/219), and 77.2% (169/219) participants,
respectively. Figure 6 shows the PA behaviors categorized by
intensity and type. Differences between and within groups are
shown in Multimedia Appendix 3 and Multimedia Appendix
4,

Tota activity did not change from visit 1 to visit 2 in CON,
EXE, or MQOT, but PA decreased significantly from visit 1 to
visit 3inal groups (Multimedia Appendix 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
andvisit 1tovisit 3 (MultimediaAppendix 4). When combined
(MVPA), the activity level (MET hours per week) did not
change through pregnancy in any of the groups (CON: visit 1-2:
-1, P=.90; visit 1-3: -4, P=.36; EXE: visit 1-2: 4, P=.10; visit
1-3: 1, P=.61; MOT: visit 1-2: 2, P=.40; visit 1-3: -5, P=.37;
data not shown).

The MET hours per week spent at sports activities increased
significantly from visit 1 to visit 2 and visit 1 to visit 3 for both
EXE and MQOT, while no changes were observed in CON
(Multimedia Appendix 4). A comparison between groups
revealed that sports was significantly higher in EXE compared
with CON and MOT at both visit 2 and visit 3 (Multimedia
Appendix 3).
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Figure 6. Baseline-constrained comparison between groups based on the means of physical activity level from the Danish version of the Pregnancy
Physical Activity Questionnaire. MET: metabolic equivalent of task; CON: standard care; EXE: structured supervised exercisetraining; MOT: motivational

counseling on physical activity.
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PA by DLW

A total of 134 participants (CON: 24/45, EXE: 53/87, MOT:
57/87) completed the DLW test and were included in the
analysis. TEE (P=.14), AEE (P=.38), and PAL (P=.66) did not
differ between groups (TEE [kcal per day]: CON 2215 [SD
238], EXE 2330 [SD 264], MOT 2331 [SD 260]; AEE [kca
per day]: CON 543 [SD 106], EXE 592 [SD 160], MOT 587
[SD 155]; and PAL [TEE/BMR]: CON 1.33 [SD 0.06], EXE
1.35 [SD 0.11], MOT 1.34 [SD 0.09]; Multimedia Appendix
5).

Adver se Events and Serious Adver se Events

Adverse events and serious adverse events from inclusion to
delivery among all participants did not differ between groups
(Multimedia Appendices 6-8).

Discussion

Principal Findings

FitMum aimed to investigate the effects of offering EXE or
MOT to generate evidence about how to implement PA in
healthy pregnant women'’s lives. We hypothesized that both
EXE and MOT would increase MV PA in pregnancy compared
with 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 more effective than CON, and
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RenderX

MET-hiweek

MET-hiweek

MET-htweek

Sedentary activity Light intensity activity

\

§ 10 15 20 25 30

MET-hiweek
JO0 B0 S0 100 110 120

T T 1 T T 1
Visit 2

Household Occupational
o =3
B g
———
2 e — ; g -
7 '—1 =]
w —

o =
g =

g
8

f T 1 f T 1
Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3
Inactivity
i=3
g8
w0
o
8 g
e o COM

n | — :___'_’

EXE

Wisit 2 Visit 3

EXE and MQOT did not differ. The number of adverse events
and serious adverse events did not differ between groups.

Effectiveness of PA InterventionsOn PA Level In
Pregnant Women

Several previous RCTs have used strategieslike oursto examine
how to increase PA in pregnant women and at the same time
assessed the PA level by objective methods [13,24,26,44,45].
Seneviratne et a [24] conducted a 16-week stationary biking
program in overweight and obese pregnant women and reported
improved aerobic fitness compared to controls. When
determining PA objectively by accelerometry, Hayman et al
[26] found an immediate increase in MVPA after 4 weeks of
tailored PA advice and access to a resource library. On the
contrary, no increase in PA as determined by accelerometry
was found after a combined aerobic and strength exercise
program [44], face-to-face individual PA consultations[13], or
app-based PA behavior change techniques [45].

Women in EXE were encouraged to participate in 3 hours of
EXE per week, but the participants attended on average less
than half of the sessions, and throughout their pregnancy, the
MVPA level was only athird (54 of 150 minutes per week) of
the internationally recommended amount [2]. As expected,
MVPA was positively associated with the number of exercise
sessions attended. Noticeably, EXE had a higher level of
vigorousintensity PA compared with both CON and MOT. This
was supported by a higher maximum heart rate among EXE.
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Exercising at vigorous intensity is in accordance with recent
suggestions for healthy pregnant women [46,47]. MOT had a
high intervention attendance, but even though MOT contained
face-to-face counseling, text messaging, activity tracker use,
and behavior change techniques as recommended [13,48,49],
we found no effect on MVPA compared with CON. The
processes behind this finding are currently being assessed via
mixed methods. The cumulative MVPA in EXE was
significantly higher compared with MOT in the late part of
pregnhancy, and the same tendency was seen between CON and
EXE. Interestingly, women who received the online EXE
intervention due to COVID-19 restrictions joined 45% more
exercise sessions compared with those who received the physical
intervention.

M ethodologies Used to Deter mine PA

Combining 3 different methodologies to assess PA using
objective (activity tracker and DLW) and subjective (PPAQ-DK)
methods providesinsight into the complexity of PA. Theactivity
tracker offers 24/7 measures of PA, and due to its convenience
the tracker can be worn for a long period of time. However,
commercia trackers are not designed for research purposes,
and tracker algorithms are unknown. The PPAQ is considered
one of the most valid and reliable questionnaires for the
assessment of PA in pregnant women [27,50], but the inherent
bias of self-reported PA isinevitable. The administration of the
PPAQ-DK may have led to a heightened awareness of activity
among participants [50], especially for members of the MOT
group, who received a thorough review of their PA level at the
counseling sessions. This might explain the perceived increase
in vigorousintensity PA in MOT as determined by PPAQ-DK.
DLW isthereference method for the determination of free-living
energy expenditure and has previously been used to estimate
PA level in pregnant women [39,51], but this is the first
intervention study in pregnant women to include DLW. We
found no significant differences between groupsin TEE, AEE,
or PAL, but this might be due to a lack of power, as TEE and

Knudsen et al

AEE were 50 to 100 kcal per day higher in EXE and MOT
compared with CON. On the other hand, active kilocalories
recorded by the tracker and total activity obtained from the
PPAQ-DK, which are equivalent to AEE from DLW, did not
differ between groups. Therefore, thetotal activity probably did
not differ between groups.

Strengths and Limitations

FitMum is the first RCT to compare the effectiveness of 2
different PA interventions in pregnant women. Strengths
comprisethe robust design based on the power of randomization,
which leaves the internal validity high, and the comprehensive
assessment of PA. The primary outcome was 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 [49,52], but it might also not capture
al activities. Notably, by default the tracker only reported
activities with a MET value of >3 in bouts of at least 10
consecutive minutes as MVPA [38], and this might partly
explain the relatively low MVPA in this study. An additional
limitation was theimpact of COV1D-19 and the need to convert
the physical interventions into online ones.

Conclusions

Findingsfrom thisRCT demonstrate that offering EXE ismore
effective than CON to implement MVPA in healthy pregnant
women's lives. Offering MOT was not more effective than
CON; EXE and MOT also did not differ. The MVPA in the
intervention groups did not reach the recommended PA level
in pregnancy. Changing the intervention to online due to
COVID-19restrictionsdid not affect MV PA level but increased
exercise participation. Based on the most effective intervention
on MVPA during pregnancy (EXE) and the increased level of
EXE onsattended in the online setup during the COVID-19
pandemic, it might be beneficial to add home-based, online
exercise sessions in future prenatal PA interventions.

Acknowledgments

The authorswould like to acknowledge all the women who participated in FitMum. Our thanks go to students, research assistants,
and staff at the Department of Gynecology and Obstetrics, Copenhagen University Hospital—-North Zealand, who took part in
performing interventions and collecting data. Additionally, we would like to thank the technical staff at the Clinical Research
Unit, Department of Clinical Research, Copenhagen University Hospital—North Zealand, especially Susanne Mansson and
Charlotte Pietraszek, who engaged themselves in planning practicalities and collecting data. FitMum was funded by grant
8020-00353B from the I ndependent Research Fund Denmark, grant 128509 from TrygFonden, grant 061017 from the Copenhagen
Center for Health Technology, grant 17-2-0883 from Beckett-Fonden, grant 10-002052 from the Aase and Ejnar Danielsens
Fond, and grant 2017-1142 from the Familien Hede Nielsens Fond. In addition, funding was provided by the University of
Copenhagen and Copenhagen University Hospital-North Zealand.

Authors Contributions

BSinitiated and directed FitMum. SdPK, CBR, JMB, TDC, SM, SAA, EL, and BS developed the study protocol. SdPK, CBR,
ADJ, and IH conducted intervention activities and collected data assisted by SAA, research assistants, and master students. EL
was the clinical trial manager and supervised the clinical part of FitMum in collaboration with IMB, TDC, SM, and BS. AKJ
performed and supervised statistical analyses. SAA performed the activity tracker data management, and JEL contributed with
expertise on self-tracking. GvH performed the doubly labeled water analysis. SAPK and SAA contributed equally, analyzed data,
and wrote the manuscript. All authors read, contributed to, and approved the final version of the manuscript.

https://www.jmir.org/2022/7/€37699 JMed Internet Res 2022 | vol. 24 | iss. 7| €37699 | p. 9

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Knudsen et al

Conflictsof Interest
None declared.

Multimedia Appendix 1

Comparison between groups based on imputed activity tracker datasets (intention-to-treat analysis) from randomization to visit
2 and delivery, respectively.

[DOCX File, 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Moderate-to-vigorous intensity physical activity before and during the COVID-19 pandemic.
[PNG File, 59 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Pregnancy Physical Activity Questionnaire outcome differences.
[DOCX File, 19 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Pregnancy Physical Activity Questionnaire outcome descriptive statistics.
[DOCX File, 19 KB-Multimedia Appendix 4]

Multimedia Appendix 5

One-way analysis of variance test of the doubly labeled water outcomes.
[PNG File, 128 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Summary of adverse events and serious adverse events.
[XLSX File (Microsoft Excel File), 9 KB-Multimedia Appendix 6]

Multimedia Appendix 7

All adverse events.
[XLSX File (Microsoft Excel File), 12 KB-Multimedia Appendix 7]

Multimedia Appendix 8

All serious adverse events.
[XLSX File (Microsoft Excel File), 10 KB-Multimedia Appendix 8]

References

1. ACOG. Physical activity and exercise during pregnancy and the postpartum period: ACOG Committee Opinion, Number
804. Obstet Gynecol 2020 Apr;135(4):e178-€188. [doi: 10.1097/A0G.0000000000003772] [Medline: 32217980]

2. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization 2020 guidelines
on physical activity and sedentary behaviour. Br J Sports Med 2020 Dec 25;54(24):1451-1462 [FREE Full text] [doi:
10.1136/bjsports-2020-102955] [Medline: 33239350]

3.  HayesL, McParlin C, Azevedo LB, Jones D, Newham J, Olgjide J, et al. The effectiveness of smoking cessation, alcohol
reduction, diet and physical activity interventionsin improving maternal and infant health outcomes: a systematic review
of meta-analyses. Nutrients 2021 Mar 23;13(3):1036 [FREE Full text] [doi: 10.3390/nu13031036] [Medline: 33806997]

4.  Sanchez-Polan M, Franco E, Silva-José C, Gil-Ares J, Pérez-Tejero J, Barakat R, et al. Exercise during pregnancy and
prenatal depression: a systematic review and meta-analysis. Front Physiol 2021 Jun 28;12:640024 [FREE Full text] [doi:
10.3389/fphys.2021.640024] [Medline: 34262468]

5. Kubler M, Clifton VL, Moholdt T, Beetham K S. The effects of exercise during pregnancy on placental composition: a
systematic review and meta-analysis. Placenta 2022 Jan;117:39-46. [doi: 10.1016/j.placenta.2021.10.008] [Medline:
34768167]

6. KusuyamaJ, Alves-Wagner AB, Makarewicz NS, Goodyear LJ. Effects of maternal and paternal exercise on offspring
metabolism. Nat Metab 2020 Sep 14;2(9):858-872 [ FREE Full text] [doi: 10.1038/s42255-020-00274-7] [Medline: 32929233]

https://www.jmir.org/2022/7/e37699 JMed Internet Res 2022 | vol. 24 | iss. 7 | €37699 | p. 10
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app1.docx&filename=0c291faebf90eb4a1c6f5afa33cac5bb.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app1.docx&filename=0c291faebf90eb4a1c6f5afa33cac5bb.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app2.png&filename=9ab4789d0ec8c2ebed9bd52b9a589629.png
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app2.png&filename=9ab4789d0ec8c2ebed9bd52b9a589629.png
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app3.docx&filename=3d12c83f6404b7cf83262407163efb32.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app3.docx&filename=3d12c83f6404b7cf83262407163efb32.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app4.docx&filename=b62bb98415ff5188ec602062f57e0d22.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app4.docx&filename=b62bb98415ff5188ec602062f57e0d22.docx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app5.png&filename=f23af1c5b4f0a2b805d4c020cd2101b9.png
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app5.png&filename=f23af1c5b4f0a2b805d4c020cd2101b9.png
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app6.xlsx&filename=8b23cbcd9c06e34c30521f199325e97d.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app6.xlsx&filename=8b23cbcd9c06e34c30521f199325e97d.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app7.xlsx&filename=5bc8b1a15852c68a03c72d5ca8f58852.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app7.xlsx&filename=5bc8b1a15852c68a03c72d5ca8f58852.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app8.xlsx&filename=b08fad381b0053a5699b056d1d7bd474.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i7e37699_app8.xlsx&filename=b08fad381b0053a5699b056d1d7bd474.xlsx
http://dx.doi.org/10.1097/AOG.0000000000003772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217980&dopt=Abstract
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=33239350
http://dx.doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33239350&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu13031036
http://dx.doi.org/10.3390/nu13031036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33806997&dopt=Abstract
https://doi.org/10.3389/fphys.2021.640024
http://dx.doi.org/10.3389/fphys.2021.640024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34262468&dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2021.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34768167&dopt=Abstract
http://europepmc.org/abstract/MED/32929233
http://dx.doi.org/10.1038/s42255-020-00274-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32929233&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Knudsen et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Bhattacharjee J, Mohammad S, Adamo K B. Does exercise during pregnancy impact organs or structures of the maternal -fetal
interface? Tissue Cell 2021 Oct;72:101543. [doi: 10.1016/j.tice.2021.101543] [Medline: 33940567]

Bennett CJ, Walker RE, Blumfield ML, Ma J, Wang F, Wan Y, et al. Attenuation of maternal weight gain impacts infant
birthweight: systematic review and meta-analysis. J Dev Orig Health Dis 2018 Nov 09;10(4):387-405. [doi:
10.1017/s2040174418000879]

Mottola MF, Davenport MH, Ruchat S, Davies GA, Poitras VVJ, Gray CE, et a. 2019 Canadian guideline for physical
activity throughout pregnancy. Br J Sports Med 2018 Nov 18;52(21):1339-1346. [doi: 10.1136/bjsports-2018-100056]
[Medline: 30337460]

Diaz-Burrueco J, Cano-1bafiez N, Martin-Peldez S, Khan KS, Amezcua-Prieto C. Effects on the maternal-fetal health
outcomes of various physical activity typesin healthy pregnant women: a systematic review and meta-analysis. Eur JObstet
Gynecol Reprod Biol 2021 Jul;262:203-215. [doi: 10.1016/j.ejogrb.2021.05.030] [Medline: 34058612]

Lindgvist M, Persson M, Mogren |. "Longing for individual recognition”: pregnant women's experiences of midwives
counselling on physical activity during pregnancy. Sex Reprod Healthc 2018 Mar;15:46-53. [doi: 10.1016/j.srhc.2017.12.003]
[Medline: 29389501]

Barakat R. An exercise program throughout pregnancy: Barakat model. Birth Defects Research 2020 Jul 02;113(3):218-226.
[doi: 10.1002/bdr2.1747]

Currie S, Sinclair M, Murphy MH, Madden E, Dunwoody L, Liddle D. Reducing the decline in physical activity during
pregnancy: a systematic review of behaviour change interventions. PLoS One 2013 Jun 14;8(6):e66385 [FREE Full text]
[doi: 10.1371/journal.pone.0066385] [Medline: 23799096]

Williams SL, French DP. What are the most effective intervention techniques for changing physical activity self-efficacy
and physical activity behaviour—and are they the same? Health Educ Res 2011 Apr 14;26(2):308-322. [doi:
10.1093/her/cyr005] [Medline; 21321008]

James P, Morgant R, Merviel P, Saraux A, Giroux-Metges M, Guillodo Y, et al. How to promote physical activity during
pregnancy: asystematic review. J Gynecol Obstet Hum Reprod 2020 Nov;49(9):101864. [doi: 10.1016/j.jogoh.2020.101864]
[Medline: 32663651]

Wang C, Wel Y, Zhang X, Zhang Y, Xu Q, Sun'Y, et a. A randomized clinical trial of exercise during pregnancy to prevent
gestational diabetes mellitus and improve pregnancy outcome in overweight and obese pregnant women. Am J Obstet
Gynecol 2017 Apr;216(4):340-351. [doi: 10.1016/j.8/09.2017.01.037] [Medline: 28161306]

Hui AL, Back L, Ludwig S, Gardiner P, Sevenhuysen G, Dean HJ, et al. Effects of lifestyle intervention on dietary intake,
physical activity level, and gestational weight gain in pregnant women with different pre-pregnancy Body Mass Index in
arandomized control trial. BMC Pregnancy Childbirth 2014 Sep 24;14(1):331 [FREE Full text] [doi:
10.1186/1471-2393-14-331] [Medline: 25248797]

Gaston A, Prapavessis H. Using a combined protection motivation theory and health action process approach intervention
to promote exercise during pregnancy. J Behav Med 2014 Apr 23;37(2):173-184. [doi: 10.1007/s10865-012-9477-2]
[Medline: 23180287]

Ruart S, Sinnapah S, Hue O, Janky E, Antoine-Jonville S. Prenatal counseling throughout pregnancy: effects on physical
activity level, perceived barriers, and perinatal health outcomes: aquasi-experimental study. Int JEnviron ResPublic Health
2020 Nov 29;17(23):8887 [FREE Full text] [doi: 10.3390/ijerph17238887] [Medline: 33260471]

Hawkins M, Chasan-Taber L, Marcus B, Stanek E, Braun B, Ciccolo J, et a. Impact of an exercise intervention on physical
activity during pregnancy: the Behaviors Affecting Baby and You Study. Am J Public Health 2014 Oct;104(10):e74-e81.
[doi: 10.2105/8jph.2014.302072]

Renault KM, Ngrgaard K, NilasL, Carlsen EM, Cortes D, Pryds O, et a. The Treatment of Obese Pregnant Women (TOP)
study: arandomized controlled trial of the effect of physical activity intervention assessed by pedometer with or without
dietary intervention in obese pregnant women. Am J Obstet Gynecol 2014 Feb;210(2):134-139. [doi:
10.1016/j.8/09.2013.09.029] [Medline: 24060449]

Barakat R, Perales M, Cordero Y, Bacchi M, Mottola M. Influence of land or water exercise in pregnancy on outcomes: a
cross-sectional study. Med Sci Sports Exerc 2017;49(7):403. [doi: 10.1249/mss.0000000000001234]

Poston L, Bell R, Croker H, Flynn AC, Godfrey KM, Goff L, et al. Effect of abehavioural intervention in obese pregnant
women (the UPBEAT study): amulticentre, randomised controlled trial. Lancet Diabetes Endocrinol 2015 Oct;3(10):767-777.
[doi: 10.1016/s2213-8587(15)00227-2]

Seneviratne S, Jiang Y, Derraik J, McCowan L, Parry G, Biggs J, et al. Effects of antenatal exercise in overweight and
obese pregnant women on maternal and perinatal outcomes: arandomised controlled trial. BJOG 2016 Mar 06;123(4):588-597.
[doi: 10.1111/1471-0528.13738] [Medline: 26542419]

Pearce EE, Evenson KR, Downs DS, Steckler A. Strategies to promote physical activity during pregnancy: a systematic
review of intervention evidence. Am J Lifestyle Med 2013 Jan 01;7(1):38-50 [FREE Full text] [doi:
10.1177/1559827612446416] [Medline: 24363633]

Hayman M, Reaburn P, Browne M, Vandelanotte C, Alley S, Short CE. Feasibility, acceptability and efficacy of aweb-based
computer-tailored physical activity intervention for pregnant women: the Fit4Two randomised controlled trial. BMC
Pregnancy Childbirth 2017 Mar 23;17(1):96 [FREE Full text] [doi: 10.1186/s12884-017-1277-9] [Medline: 28335767]

https://www.jmir.org/2022/7/e37699 JMed Internet Res 2022 | vol. 24 | iss. 7 | €37699 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.tice.2021.101543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33940567&dopt=Abstract
http://dx.doi.org/10.1017/s2040174418000879
http://dx.doi.org/10.1136/bjsports-2018-100056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30337460&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2021.05.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34058612&dopt=Abstract
http://dx.doi.org/10.1016/j.srhc.2017.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29389501&dopt=Abstract
http://dx.doi.org/10.1002/bdr2.1747
https://dx.plos.org/10.1371/journal.pone.0066385
http://dx.doi.org/10.1371/journal.pone.0066385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23799096&dopt=Abstract
http://dx.doi.org/10.1093/her/cyr005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21321008&dopt=Abstract
http://dx.doi.org/10.1016/j.jogoh.2020.101864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663651&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2017.01.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28161306&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-14-331
http://dx.doi.org/10.1186/1471-2393-14-331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25248797&dopt=Abstract
http://dx.doi.org/10.1007/s10865-012-9477-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23180287&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17238887
http://dx.doi.org/10.3390/ijerph17238887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33260471&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2014.302072
http://dx.doi.org/10.1016/j.ajog.2013.09.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24060449&dopt=Abstract
http://dx.doi.org/10.1249/mss.0000000000001234
http://dx.doi.org/10.1016/s2213-8587(15)00227-2
http://dx.doi.org/10.1111/1471-0528.13738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26542419&dopt=Abstract
http://europepmc.org/abstract/MED/24363633
http://dx.doi.org/10.1177/1559827612446416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24363633&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1277-9
http://dx.doi.org/10.1186/s12884-017-1277-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28335767&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Knudsen et al

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45,

46.

47.

48.

49,

Chasan-Taber L, Schmidt M, Roberts D, Hosmer D, Markenson G, Freedson P. Devel opment and validation of a Pregnancy
Physical Activity Questionnaire. Med Sci Sports Exerc 2004 Oct;36(10):1750-1760. [doi:
10.1249/01.mss.0000142303.49306.0d] [Medline: 15595297]

Krgner F, Knudsen SDP, Roland CB, Alomairah SA, Molsted S. Validity and reliability of the Danish version of the
pregnancy physical activity questionnaire to assess levels of physical activity during pregnancy. JMatern Fetal Neonatal
Med 2020 Dec 08:1-7. [doi: 10.1080/14767058.2020.1856807] [Medline: 33292038]

Wong W, Roberts S, Racette S, Das S, Redman L, Rochon J, et a. The doubly labeled water method produces highly
reproducible longitudinal results in nutrition studies. J Nutr 2014 May;144(5):777-783 [FREE Full text] [doi:
10.3945/jn.113.187823] [Medline: 24523488]

Santini C, Imakawa T, Moisés E. Erratum; Physical activity during pregnancy: recommendations and assessment tools.
Rev Bras Ginecol Obstet 2017 Oct 16;39(10):584-584 [ FREE Full text] [doi: 10.1055/s-0037-1607299] [Medline: 29036753]
AbeysekeraMV, Morris JA, O'Sullivan AJ. Techniques to measure free-living energy expenditure during pregnancy: a
guide for clinicians and researchers. Obstet Med 2014 Mar 27;7(2):60-65. [doi: 10.1177/1753495x14528324]

Roland CB, Knudsen SDP, Alomairah SA, Andersen AD, Bendix J, Clausen TD, et a. Structured supervised exercise
training or motivational counselling during pregnancy on physical activity level and health of mother and offspring: FitMum
study protocol. BMJ Open 2021 Mar 19;11(3):€043671 [EREE Full text] [doi: 10.1136/bmjopen-2020-043671] [Medline:
33741668]

Statistical analysis plan (SAP) for the FitMum randomized controlled trial. 2020 Aug 05. URL: https:/clinicaltrials.gov/
ProvidedDocs/30/NCT03679130/SAP_000.pdf [accessed 2022-06-03]

RotgersF. Motivational interviewing: preparing people to change addictive behavior. J Stud Alcohol 1993 Jul;54(4):507-507.
[doi: 10.15288/jsa.1993.54.5074]

Markland D, Ryan RM, Tobin VVJ, Rollnick S. Motivational interviewing and self—determination theory. J Soc Clin Psychol
2005 Sep;24(6):811-831. [doi: 10.1521/jscp.2005.24.6.811]

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours. the CAL O-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

Recommendations for pregnant women. The Danish Health Authorities. 2021. URL : https.//www.sst.dk/da/viden/fysisk-
aktivitet/anbefalinger-om-fysi sk-aktivitet/gravide [accessed 2022-06-03]

Garmin International. URL: https://www.garmin.com [accessed 2022-06-03]

Speakman JR, Yamada Y, SagayamaH, Berman ES, Aindlie PN, Andersen LF, IAEA DLW database group. A standard
calculation methodol ogy for human doubly labeled water studies. Cell Rep Med 2021 Feb 16;2(2):100203 [FREE Full text]
[doi: 10.1016/j.xcrm.2021.100203] [Medline: 33665639]

Hronek M, Zadak Z, Hrnciarikova D, Hyspler R, Ticha A. New equation for the prediction of resting energy expenditure
during pregnancy. Nutrition 2009 Sep;25(9):947-953. [doi: 10.1016/j.nut.2009.02.011] [Medline: 19477620]

Buuren SV, Groothuis-Oudshoorn K. mice: Multivariate imputation by chained equationsin R. J Stat Soft 2011;45(3):1-67.
[doi: 10.18637/jss.v045.i03]

Wood S. Generalized Additive Models: An Introduction with R, 2nd Edition. London: Routledge; 2017.

Koenker R, Ng P. Inequality constrained quantile regression. Sankhya Indian J Stat 2005;67(2):40. [doi:
10.1017/cb09780511754098]

Oostdam N, van Poppel M, Wouters M, Eekhoff E, Bekedam D, Kuchenbecker W, et a. No effect of the FitFor2 exercise
programme on blood glucose, insulin sensitivity, and birthweight in pregnant women who were overweight and at risk for
gestational diabetes: results of arandomised controlled trial. BJOG 2012 Aug;119(9):1098-1107. [doi:
10.1111/j.1471-0528.2012.03366.x] [Medline: 22616913]

Sandborg J, Séderstrom E, Henriksson P, Bendtsen M, Henstrom M, Leppanen M, et al. Effectiveness of a smartphone app
to promote healthy weight gain, diet, and physical activity during pregnancy (HealthyMoms): randomized controlled trial.
JMIR Mhealth Uhealth 2021 Mar 11;9(3):€26091 [FREE Full text] [doi: 10.2196/26091] [Medline: 33704075]

Meah VL, Davies GA, Davenport MH. Why can't | exercise during pregnancy? Time to revisit medical 'absolute’ and
‘relative’ contraindications: systematic review of evidence of harm and a call to action. Br J Sports Med 2020 Dec
08;54(23):1395-1404. [doi: 10.1136/bjsports-2020-102042] [Medline: 32513676]

Brown WJ, Hayman M, Haakstad LAH, Lamerton T, Mena GP, Green A, et al. Australian guidelines for physical activity
in pregnancy and postpartum. J Sci Med Sport 2022 Jun;25(6):511-519. [doi: 10.1016/j.jsams.2022.03.008] [Medline:
35418334]

Leonard KS, EvansMB, Oravecz Z, Smyth JM, Symons Downs D. Effect of technol ogy-supported interventions on prenatal
gestational weight gain, physical activity, and healthy eating behaviors: a systematic review and meta-analysis. J Technol
Behav Sci 2020 Aug 25;6(1):25-41. [doi: 10.1007/s41347-020-00155-6]

Brickwood K, Watson G, O'Brien J, Williams AD. Consumer-based wearable activity trackers increase physical activity
participation: systematic review and meta-analysis. IMIR Mhealth Uhealth 2019 Apr 12;7(4):€11819 [FREE Full text]
[doi: 10.2196/11819] [Medline: 30977740]

https://www.jmir.org/2022/7/e37699 JMed Internet Res 2022 | vol. 24 | iss. 7 | €37699 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1249/01.mss.0000142303.49306.0d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15595297&dopt=Abstract
http://dx.doi.org/10.1080/14767058.2020.1856807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33292038&dopt=Abstract
http://europepmc.org/abstract/MED/24523488
http://dx.doi.org/10.3945/jn.113.187823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24523488&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0037-1607299
http://dx.doi.org/10.1055/s-0037-1607299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29036753&dopt=Abstract
http://dx.doi.org/10.1177/1753495x14528324
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33741668
http://dx.doi.org/10.1136/bmjopen-2020-043671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33741668&dopt=Abstract
https://clinicaltrials.gov/ProvidedDocs/30/NCT03679130/SAP_000.pdf
https://clinicaltrials.gov/ProvidedDocs/30/NCT03679130/SAP_000.pdf
http://dx.doi.org/10.15288/jsa.1993.54.507a
http://dx.doi.org/10.1521/jscp.2005.24.6.811
http://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&dopt=Abstract
https://www.sst.dk/da/viden/fysisk-aktivitet/anbefalinger-om-fysisk-aktivitet/gravide
https://www.sst.dk/da/viden/fysisk-aktivitet/anbefalinger-om-fysisk-aktivitet/gravide
https://www.garmin.com
https://linkinghub.elsevier.com/retrieve/pii/S2666-3791(21)00014-8
http://dx.doi.org/10.1016/j.xcrm.2021.100203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33665639&dopt=Abstract
http://dx.doi.org/10.1016/j.nut.2009.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19477620&dopt=Abstract
http://dx.doi.org/10.18637/jss.v045.i03
http://dx.doi.org/10.1017/cbo9780511754098
http://dx.doi.org/10.1111/j.1471-0528.2012.03366.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22616913&dopt=Abstract
https://mhealth.jmir.org/2021/3/e26091/
http://dx.doi.org/10.2196/26091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33704075&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2020-102042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32513676&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2022.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35418334&dopt=Abstract
http://dx.doi.org/10.1007/s41347-020-00155-6
https://mhealth.jmir.org/2019/4/e11819/
http://dx.doi.org/10.2196/11819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30977740&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Knudsen et al

50. Sattler M, Jaunig J, Watson E, van Poppel M, Mokkink L, Terwee C, et al. Physical activity questionnaires for pregnancy:
a systematic review of measurement properties. Sports Med 2018 Oct;48(10):2317-2346 [FREE Full text] [doi:
10.1007/s40279-018-0961-x] [Medline: 30094797]

51. Lof M. Physical activity pattern and activity energy expenditure in healthy pregnant and non-pregnant Swedish women.
Eur J Clin Nutr 2011 Dec 27;65(12):1295-1301. [doi: 10.1038/ejcn.2011.129] [Medline: 21792212]

52. LaranjoL, Ding D, Heleno B, Kocaballi B, Quiroz JC, Tong HL, et al. Do smartphone applications and activity trackers
increase physical activity in adults? Systematic review, meta-analysis and metaregression. Br J Sports Med 2021 Apr
21;55(8):422-432. [doi: 10.1136/bjsports-2020-102892] [Medline: 33355160]

Abbreviations

AEE: active energy expenditure

BMR: basal metabolic rate

CON: standard care

DLW: doubly labeled water

EXE: structured supervised exercise training

MET: metabolic equivalent of task

MOT: moetivational counseling

MVPA: moderate-to-vigorousintensity physical activity
PA: physica activity

PAL: physica activity level

PPAQ-DK: Danish Pregnancy Physical Activity Questionnaire
RCT: randomized controlled trial

TEE: tota energy expenditure

Edited by A Mavragani; submitted 05.03.22; peer-reviewed by K McDonnell, J Pugmire; commentsto author 28.04.22; revised version
received 18.05.22; accepted 31.05.22; published 20.07.22

Please cite as:

Knudsen SDP, Alomairah SA, Roland CB, Jessen AD, Hergel IM, Clausen TD, Larsen JE, van Hall G, Jensen AK, Molsted S, Bendix
JIM, Lekkegaard E, Sallknecht B

Effects of Structured Supervised Exercise Training or Motivational Counseling on Pregnant Women's Physical Activity Level: FitMum
- Randomized Controlled Trial

J Med Internet Res 2022;24(7):€37699

URL: https.//wwww.jmir.org/2022/7/e37699

doi: 10.2196/37699

PMID: 35857356

©Signe de Place Knudsen, Saud Abdulaziz Alomairah, Caroline Borup Roland, Anne Dsane Jessen, |da-Marie Hergel, Tine D
Clausen, Jakob Eg Larsen, Gerrit van Hall, Andreas Kryger Jensen, Stig Molsted, Jane M Bendix, Ellen Lokkegaard, Bente
Stallknecht. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 20.07.2022. This is an
open-access  article  distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

https://www.jmir.org/2022/7/e37699 JMed Internet Res 2022 | vol. 24 | iss. 7 | €37699 | p. 13
(page number not for citation purposes)

RenderX


http://europepmc.org/abstract/MED/30094797
http://dx.doi.org/10.1007/s40279-018-0961-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30094797&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2011.129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21792212&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2020-102892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355160&dopt=Abstract
https://www.jmir.org/2022/7/e37699
http://dx.doi.org/10.2196/37699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35857356&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

