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Abstract

Background Educational programs incorporating physical activity (PA) sessions and nutritional workshops have
demonstrated potential benefits for overweight and obese pregnant women. However, participation in such
programs remains challenging. This prospective study aimed to investigate the factors influencing participation and
regular attendance, while examining changes in health behaviors, along with obstetric and neonatal outcomes.

Methods Pregnant women with at 12-22 weeks'gestation a BMI> 25 kg/m2 were invited to join an educational
program combining three nutritional workshops conducted in groups and 12 weekly PA sessions. They self-selected
their participation into the program. Regardless of program uptake and regularity of attendance, the women's

PA levels, eating behaviors, and affectivity were assessed using validated questionnaires at 20-24 weeks, 32-34
weeks, and postpartum. A multivariable logistic regression model was used to determine the factors influencing
participation.

Results Of the 187 women enrolled in the study, 61.5% agreed to participate in the program. Of these, only 45%
attended six or more sessions (regardless of the nature of sessions, i.e. nutritional workshops and/or PA sessions),
while only 8.7% attended six or more PA sessions. Participation was associated with higher rates of problematic eating
behaviors and lower PA levels at baseline, while regular attendance was mainly associated with higher household
incomes. No significant difference was observed between participants and non-participants in terms of changes in
eating behaviors, PA levels, or affectivity. However, at the 32-34 week visit, regular participants displayed a higher
change in positive affectivity, but unexpectedly also in cognitive restraint, than non-regular participants, a difference
that did not persist at postpartum.
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Conclusion The educational program combining nutrition and PA was shown to be safe. Women facing challenges
related to health behavior displayed a willingness to sign up for the program, but tailored interventions addressing
their individual challenges are needed to improve attendance. Accordingly, four recommendations are proposed for

the design of future interventions.

Trial registration ClinicalTrials.gov; Identifier: NCT02701426; date of first registration: 08/03/2016.
Keywords Obesity, Overweight, Pregnancy, Newborn, Physical activity, Nutrition, Well-being, Uptake, Attendance,

Retention

Introduction

Obesity is a major threat to public health and has been
listed as the sixth most important risk factor contribut-
ing to the overall global burden of disease. In 2022, the
World Health Organization estimated that almost 60% of
adults in the European region were either overweight or
affected by obesity, with almost 23% of adults being clas-
sified as obese [1]. These numbers reflect a significant
and growing problem in obstetrics [2—4]. Pregnancy is a
special time for family health education. A balanced diet
accompanied by dietary advice and physical activity (PA)
appropriate to pregnancy could help control weight gain
in mothers with obesity, and prevent inadequate micro-
nutrient status [2—-4]. Recommendations on maternal
nutrition aim to improve the quality of individuals diets,
notably by reducing excessive intake of simple carbohy-
drates and fat, increasing the consumption of fiber-rich
foods, and restoring the sensations of hunger and satiety
to induce more adaptive eating behaviors [5, 6]. How-
ever, starting a PA during pregnancy can seem difficult,
because pregnancy is often associated with increased
fatigue and thus a need to rest. These ideas must be chal-
lenged since the practice of reasonable and appropriated
PA during pregnancy, such as active walking, gymnas-
tics, or swimming, is safe and provides real benefits for
both the mother (e.g., lower cesarean rates, as well as
reduced fatigue, lumbar pain, and anxiety) [7-9] and the
newborn (e.g., improved memory and learning capaci-
ties and greater adaptability to stressful situations) [10].
The American College of Obstetricians and Gynecolo-
gists (ACOG) recommends low to moderate intensity
PA for all pregnant women for at least 20—30 min a day
[11]. Similarly, since 2019, the French National Authority
for Health (HAS) has recommended a weekly average of
150-180 min [12].

Previous studies have suggested that maternal obesity
during pregnancy could be effectively managed through
educational programs offering nutritional advice and
appropriate PA [13-15]. If we want women to follow this
type of program, thus improving their health and that of
their babies, it is important to understand the incentives
that influence both participation in the intervention pro-
gram and regular attendance. Most research into lifestyle
intervention programs in overweight or obese pregnant

women has aimed to test program effectiveness, but few
studies have had as their primary objective to determine
the variables associated with program participation and
attendance. In a meta-analysis of various studies evaluat-
ing interventions based on PA and/or nutritional advice
designed to control weight gain in pregnant women, the
authors found that such programs reduced gestational
weight gain by an average of 1.4 kg in the intervention
groups compared to the control groups. Nonetheless,
the interventions groups did not differ from the control
groups with regard to the proportion of women exceed-
ing the gestational weight recommended by the Institute
of Medicine. The authors of the meta-analysis propose
that the contrasting results could potentially be explained
by the programs’ participation rates, lamenting the pau-
city of information on participation and attendance
given in the studies [16]. Thus, while they conclude that
setting up the intervention programs was useful, they
also suggest that participation and attendance should
be assessed, along with the factors that influence them.
We can assume that the sociodemographic variables that
usually explain health-related behaviors, such as high
incomes, will also explain participation in and attendance
of interventions in the specific case of overweight and
obese women. Sociodemographic variables will thus be
taken as candidate variables. We also took an interest in
the medical variables, PA, eating behaviors, and affectiv-
ity of the pregnant women as candidate variables, since
difficulties in these areas could trigger women to take
action or deter them from trying something that seems
too challenging given their current condition.

The primary objective of our study was therefore to
determine the factors that explain participation and reg-
ular attendance in a lifestyle intervention in overweight
or obese pregnant women. We thus investigated whether
not only sociodemographic, but also medico-behavioral
factors might influence participation and regular atten-
dance in a program combining PA and nutritional advice.
Our secondary goal was to analyze the evolution of PA,
eating behaviors, and affectivity during participation,
as well as to examine obstetric and neonatal outcomes
according to whether women participated in the program
or not.
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Methods
The study adheres to the STROBE guidelines for the
reporting of cohort observational studies.

Type of study and inclusion criteria

We conducted a single-center prospective study on preg-
nant women, aged 18-45 years old, with singleton preg-
nancy and a BMI>25 kg/m? at the University Hospital of
Lille in northern France.

Procedure and ethical authorization

During the antenatal visits, we systematically offered
women at their 12th and 22*°" week of pregnancy the
opportunity to participate in a program combining nutri-
tional workshops and PA sessions. Our intervention was
presented as an educational program called “Eat well,
move well for baby’s health” Participation in the program
was not offered to women with a medical condition that
could interfere with PA: i.e., a history of more than two
miscarriages, severe heart disease (arrhythmia, a history
of myocardial infarction), first trimester bleeding, mul-
tiple pregnancy, unstable thyroid disease, pre-existing
hypertension, or diabetes.

The women could decide whether or not to participate
in this program, thus self-selecting into a participant or
non-participant group. In both cases, they were asked
whether they agreed to be included in a study aiming to
evaluate the factors that influence program participa-
tion and to collect data on pregnancy, delivery, neonatal
and postpartum outcomes (See additional file 1 for an
overview of the study). The women were provided with
complete oral and written information. Signed informed
consent was collected from each women before they
joined the study. The protocol was approved by the «
Comité de Protection des Personnes Nord-Ouest IV (Eth-
ics Committee) » (2015-A01085-44). This study was reg-
istered on the site ClinicalTrial.gov (no. NCT02701426).
The analysis was performed on all women who main-
tained their consent until the end of the study, including
patients who did not complete the entire program.

Description of the educational program

The program “Eat well, move well for baby’s health” took
place between weeks 24 and 36 of pregnancy. In terms of
nutritional support, participants were asked to partici-
pate in three workshops in groups of 10-15 participants.
The workshops lasted two hours and were spread over
three months (i.e., one workshop per month) following
the initial assessment. These workshops aimed to inform
the women about the nutritional guidelines for preg-
nancy and gestational weight gain, both of which were
adapted to overweight and obese women. The workshops
took place in the therapeutic kitchen of the hospital’s
maternity ward, which made it possible to hold culinary
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workshops. The detailed contents of the three nutritional
workshops are presented in the additional file 2.

In terms of PA, the program (adapted to pregnancy)
included sessions developed by the Northern Commit-
tee of the French Federation of Physical Education and
Voluntary Gymnastics (EPGV) with aerobics and gentle
muscle strengthening. The program lasted 12 weeks per
patient. Three weekly slots were proposed in the mater-
nity ward with the schedules adapted to working hours.
The women were asked to attend at least one session per
week, and were strongly encouraged to do second and
third sessions on their own, outside the maternity ward.
The additional sessions could include an active walk, an
indoor gym class in a club, an aqua gym session, or even
home exercises suggested by the sports coach. Each ses-
sion was limited to 10—12 patients to allow the coach to
provide personalized advice. Gradually, the patients were
given further encouragement to increase their activity.
They could note and track their progress using a logbook.

Measures and assessments

Three questionnaires to assess eating behavior, PA, and
affectivity were given to the women during the visits at
20-24 weeks, 32-34 weeks, and postpartum visit (6—8
weeks after delivery).

Eating behavior was assessed using the TFEQ (18
items) validated in French and tested on pregnant
women [17-19]. Three factors relating to eating behav-
ior factors were assessed in this questionnaire: cognitive
restraint (CR), i.e., the conscious effort to restrict food
intake to control body weight, emotional eating (EE), i.e.,
the tendency to eat in response to negative emotions, and
uncontrolled eating (UE), i.e., the tendency to overeat
accompanied by a loss of control over food consumption.

Physical activity was assessed using the Pregnancy
Physical Activity Questionnaire (PPAQ) [20]. This self-
administered questionnaire with 33 questions provided
a qualitative (activity type) and quantitative view of the
activity. An intensity was assigned to each activity using
the Metabolic Equivalents (MET) table. The MET is a
unit used to estimate the metabolic cost of PA: one MET
is approximately equal to a person’s resting energy expen-
diture. The time devoted to each activity, as reported by
the women themselves, was then multiplied by the cor-
responding intensity to obtain the average energy expen-
diture per week (MET.hours/week). The activities were
classified into five categories by type: household/care (13
activities), occupational (five activities), transportation
(three activities), sports/exercises (seven activities plus
two open-ended questions), and inactivity (three activi-
ties). In addition, each activity was assigned to one of four
categories based on its intensity: sedentary (<1.5 METs),
light (1.5-2.9 METs), moderate (3.0-6.0 METs), and vig-
orous (>6.0 METs). The variable used as a participation
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factor was the total number of METs per hour of PA per
week per patient, defined as total PA (MET.h/week). The
volume of total PA corresponded was considered light
activity if the score was <600 MET.h/week, moderate if
the score was between 600 and 1,500 MET.h/week, and
intense if the score was >1,500 MET.h/week.

Affectivity was assessed using the PANAS question-
naire, which is sensitive to changes over time, and is
intended to measure mood through positive and nega-
tive affectivity. The PANAS is validated in French and has
been used in pregnant women [21-24].

To achieve the primary goal, which was to study the
variables influencing program participation, we analyzed
12 a priori candidate variables: age, pre-gestational BMI,
comorbidities (hypertension, history of cesarean sec-
tion, and early gestational diabetes detected in the first
trimester), parity, socio-professional category, income,
smoking, and TFEQ (three dimensions), and PPAQ and
PANAS (two dimensions) scores.

To achieve the secondary goals, namely to analyze the
development of diet, PA, and affectivity during the pro-
gram and to examine obstetric and neonatal outcomes in
light of participation and attendance status, we defined
attendance as the number of PA and nutritional ses-
sions attended. Women were classified as “regular” when
they attended six or more sessions (e.g., three nutritional
workshops+four PA sessions) and “non-regular” when
they attended five or fewer sessions.

Sample size

In the LIMIT study [25], which is similar to ours, 5474
women were invited to participate and 2212 (40%)
accepted. Our main objective is to study the factors
associated with participation. This requires multivariate
analysis, which requires at least 10 events per explana-
tory variable [26]. Therefore, we need 150 participating
patients to study 15 factors. Due to the expected imbal-
ance between the groups (40% participants vs. 60% non-
participants), a total of 375 women are needed (150
participants and 225 non-participants).

Statistical analyses

Categorical variables were expressed as numbers (per-
centage). Quantitative variables were expressed as the
mean (standard deviation, SD) or as the median (inter-
quartile range, IQR) for non-Gaussian distribution. The
normality of distributions was assessed using histo-
grams and the Shapiro-Wilk test. We began by assess-
ing the determinants of participation in the educational
program in bivariate analyses using Student’s t-test or
Mann-Whitney U-test according to the distribution of
quantitative determinants, using the Chi-square test (or
the Fisher’s exact test if cell frequency<5) for categori-
cal variables and the Chi-square trend test for ordinal
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variables. Determinants associated with participation
at the level of 0.10 in bivariate analyses were introduced
into a multivariable logistic regression model using Firth’s
penalized likelihood approach to account for the smaller
number of patients. Collinearity among candidate vari-
ables was examined by calculating the variance inflation
factor (VIF). The odds ratios (ORs) of participants vs.
non-participants, along with the 95% confidence inter-
vals (ClIs), were estimated as the effect sizes. The same
methodology was used to identify determinants of regu-
lar attendance in the educational program among par-
ticipants. Due to collinearity between socio-professional
status, personal income, and household income, house-
hold income was selected as a candidate variable in the
multivariable model.

Obstetrical and neonatal outcomes were compared
according to participation using the Student’s t-test or
Mann-Whitney U-test according to the distribution of
quantitative outcomes and using the Chi-square test (or
Fisher’s exact test) for binary outcomes.

The development of the health-related behavior param-
eters over time was compared between participants and
non-participants using a longitudinal analysis of cova-
riance (ANCOVA) taking into account the correlation
between the repeated measures within the same subject.
A linear mixed model (unstructured covariance pattern
model) of the change recorded at the follow-up visit (32—
34 weeks and postpartum) from baseline (20-24 weeks)
for each behavior parameter was created by including
participation status, time (as two-level categorical vari-
able), and the interaction term between participation
status and time as fixed effects. In this model, the base-
line value of the studied behavior parameter, age, pre-
gestational BMI, and educational level were considered
pre-specified covariables. The adjusted mean differences
in change from baseline between participants and non-
participants, as calculated from LSMEANS values, are
reported as effect sizes. Statistical testing was done at
the two-tailed a-level of 0.05. No statistical comparisons
were made for categorical variables with a frequency<8
in the overall sample. The data were analyzed using the
SAS software version 9.4 (SAS Institute, Cary, NC).

Results

Sample

Participants were recruited and followed up between
February 2016 and October 2018. A total of 195 women
consented to enroll in our study. Seven withdrew their
consent during the study period and one underwent a
termination of pregnancy at 17 weeks, resulting in 187
women being included in the study.
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Main goal: factors influencing participation in the
educational program

Of the 187 women included in the study, 115 (61.5%)
agreed to participate in the educational program and 72
(38.5%) declined to participate.

Socio-demographic, medical, and behavioral factors
known at baseline were compared between participants
and non-participants in bivariate analyses (Table 1).
None of the socio-demographic or medical variables
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explained participation in the study, but in the case of
medical variables, it should be noted that the overall pro-
portions of comorbidities, such as prior hypertension
and early gestational diabetes were low (<10%). Among
health-related behaviors, problematic eating behaviors
(TFEQ) were significantly higher in participants com-
pared to non-participants.

In the multivariable model (Table 2), only cogni-
tive restraint and PA were significantly associated with

Table 1 Baseline factors influencing participation in the educational program

N Participants N Non-participants p-value
n=115 n=72
Socio-demographic status
Age 115 29.7+5.1 72 288+4.7 0.26
Socio-professional category 115 71 0.066
Unemployed/unskilled manual worker 40 (34.8) 21 (29.6)
Skilled manual worker 17 (14.8) 22 (31.0)
Skilled non-manual worker 42 (36.5) 19 (26.8)
Intellectual/managerial profession 16 (13.9) 9(12.7)
Educational level 115 71 0.67
<NVQ level 1,2 7 (6.1) 1(1.4)
High school graduate 32(27.8) 29 (40.9)
> High school graduate 76 (66.1) 41 (57.7)
Personal income per month 115 70 0.34
<€763 27 (23.5) 14 (20.0)
€763-€1,265 31(27.0) 24 (343)
€1,266-€1,905 36(31.3) 25(35.7)
€1,905-€2,600 13(11.3) 7 (10.0)
>€2,600 8(7.0) 0(0)
Household income per month 115 70 0.28
<€763 76.1) 2(29)
€763-€1,265 15(13.0) 5(7.1)
€1,266-€1,905 16 (13.9) 11(15.7)
€1,905-€2,600 29(25.2) 23(329)
>€2,600 48 (41.7) 29 (414)
Medical history
Number of nullipara 115 69 (60.0) 72 36 (50.0) 0.18
Body mass index 114 30.0 [27.5-32.8] 72 30.0 [26.9-324] 0.63
History of hypertension 115 2(1.7) 72 2(2.8) NA
History of c-section 115 8(7.0) 72 7(9.7) 0.50
Early gestational diabetes 115 11 (9.6) 72 5(6.9) 0.53
Health-related behaviors
Smoking (ever smoked / no) 115 11(9.6) 72 8(11.1) 0.73
TFEQ scores 112 72
Cognitive restraint 39.8+17.2 326+186 0.009
Uncontrolled eating 350+18.1 270+17.7 0.004
Emotional eating 43.8+23.7 302+228 <0.001
PPAQ (score in MET.h/week) 1M 227.91[161.7-293.8] 72 240.5[185.2-335.3] 0.084
PANAS 112 71
Positive affectivity 34.0+6.1 333+65 049
Negative affectivity 215+70 19.8+6.1 0.11

Values expressed as numbers (%), mean=SD or median (IQR);

Abbreviations SD=Standard Deviation; IQR=Interquartile Range, NA=Not Applicable, TFEQ=Three Eating Questionnaire scores; PPAQ=Pregnancy Physical Activity
Questionnaire; PANAS=Positive and Negative Affect Schedule (PANAS-SF). MET=Metabolic Equivalent of Task
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Table 2 Multivariable model of factors influencing participation
in the educational program

OR (95%Cl)* p-value

Socio-professional category 0.67

Unemployed/unskilled manual worker 1.00 (ref)

Skilled manual worker 0.63(0.25-161)

Skilled non-manual worker 3(0.50-2. 53)

Intellectual/managerial profession 0.92 (0.32-2.66)
TFEQ scores
Cognitive restraint 1.02 (1.00-1.04) 0.029
Emotional eating 1.02 (0.99-1.03) 0.066
Uncontrolled eating 1.02 (0.99-1.04) 0.15
PPAQ (score in MET.h/week), per 10-unit  0.97 (0.95-0. 99) 0.045
increase

Abbreviations OR: Odds Ratio, 95%Cl: 95% Confidence interval, TFEQ=Three
Eating Questionnaire scores, PPAQ=Pregnancy Physical Activity Questionnaire,
MET=Metabolic Equivalent of Task

*OR are expressed for a one-unit increase unless otherwise indicated and
estimated in favor of participation in the educational program

participation: greater cognitive restraint was associ-
ated with participation, OR=1.02, 95% CI (1.00-1.04),
whereas a higher PA was associated with non-participa-
tion, OR=0.97, 95% CI (0.95-0.99).

Main goal: factors influencing attendance in the
educational program

For two participants, the information about regular-
ity was missing. Only 51 (45%) of the participants were
classified as regular. The median attendance percentage
for the nutritional workshops was 66.7% [IQR 0-100]
and 8.3% [IQR 0-66.7] at PA sessions. A total of 34 par-
ticipants (30%) did not attend any of the three nutritional
workshops, while 46 (41%) did not take part in any PA
session. By contrast, 19 participants (17%) participated in
12 or more sessions, including five participants (4%) who
took part in more than 20 sessions.

As shown in Table 3, in bivariate analyses, age, edu-
cational level, and incomes were significantly higher for
regular attendees compared to non-regular attendees.
No differences were found in medical variables between
the two groups. With regard to behavioral and psycho-
logical variables, regular participants had lower rates of
uncontrolled eating (p=0.049), higher positive affectivity
(p=0.003), and lower negative affectivity (p=0.023) than
non-regular ones.

In the multivariable model (Table 4), only household
income remained significantly associated with atten-
dance: higher income was associated with regular partici-
pation, OR=1.69, 95% CI (1.07-2.66).
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Secondary goal: comparing the development of health-
related behaviors and affectivity between participants and
non-participants (Fig. 1; Table 5)

Eating behavior

None of the three eating behaviors developed dif-
ferently between the two groups (participants vs.
non-participants).

Physical activity

PA decreased significantly in each group between base-
line and the visit in week 32—34 but without significant
differences between the two groups. Nor did the two
groups differ in their development between baseline and
postpartum.

Affectivity

Between the baseline and the postpartum assessment,
positive affectivity increased significantly in the par-
ticipants, but not in the non-participants, although
the difference between the two groups was not signifi-
cant (p=0.19). No difference in negative affectivity was
observed between the two groups.

To summarize

The development of eating behaviors, physical activity,
and affectivity did not differ between participants and
non-participants.

Secondary goal: comparing the development of health-
related behaviors and affectivity between regular and
non-regular participants (Fig. 2; table 6)

Eating behavior

The two groups differed in how their cognitive restraint
developed between baseline and the visit in week 32—-34:
regular participants increased their cognitive restraint
whereas non-regular ones did not, and this difference in
evolution was statistically significant (p=0.02).

Physical activity

PA decreased significantly in each group between base-
line and the visit in week 32—34, albeit without significant
differences between the two groups.

Affectivity

Positive affectivity increased significantly in regular par-
ticipants in weeks 32-34 and at postpartum, whereas
it increased only at postpartum in non-regular partici-
pants. Therefore, the development of positive affectivity
between baseline and the weeks 32-34 was statistically
different between the two groups (p=0.002), with regular
attendees displaying a more favorable development.
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Table 3 Baseline factors influencing educational program attendance
N Regular N Non-regular p-value
n=51 n=62
Socio-demographic status
Age, years 51 312147 62 284+5.1 0.003
Socio-professional category 51 62 0.074
Unemployed/unskilled manual worker 12 (23.5) 26 (41.9)
Skilled manual worker 7(13.7) 10 (16.1)
Skilled non-manual worker 21(41.2) 21 (339
Intellectual/managerial profession 11(21.6) 5(8.1)
Educational level 51 62 0.003
<NVQ level 1,2 0(0) 6(9.7)
High school graduate 10 (19.6) 21 (33.9)
> High school graduate 41 (80.4) 35(56.4)
Personal income 51 62 0.006
<€763 8(15.7) 18 (29.0)
€763-€1,265 11(21.6) 19 (30.7)
€1,266-€1,905 18 (35.3) 18 (29.0)
€1,905-€2,600 8(15.7) 5(8.1)
>€2,600 6(11.8) 2(32)
Household income 51 62 <0.001
<€763 0(0) 7(11.3)
€763—€1,265 4(7.8) 10 (16.1)
€1,266-€1,905 6(11.8) 10 (16.1)
€1,905-€2,600 9(17.6) 19 (30.6)
>€2,600 32(62.7) 16 (25.8)
Medical history
Number of nullipara 51 27 (52.9) 62 41 (66.1) 0.15
Body mass index 50 29.1[273-313] 62 30.1 [27.6-35.1] 0.19
History of hypertension 51 1.0 62 1(1.6) NA
History of c-section 51 4(7.8) 62 4 (6.4) 1
Early gestational diabetes 51 7(13.7) 62 4(6.5) 0.22
Health-related behaviors
Smoking (ever smoked / no) 51 4(7.8) 62 7(11.3) 0.75
TFEQ scores 50 60
Cogpnitive restraint 41.0£195 386+154 048
Uncontrolled eating 30.1+£184 37.7+17.1 0.049
Emotional eating 428+259 437+214 0.84
PPAQ (score in MET.h/week) 50 226.9 [184.5-287.0] 59 236.7 [159.52-308.3] 0.51
PANAS 50 60
Positive affectivity 359+46 327+£65 0.003
Negative affectivity 19.7£59 225+6.8 0.023

Values expressed as numbers (%), mean+SD or median [IQR];

Abbreviations SD=Standard Deviation; IQR=Interquartile Range, NA=Not Applicable, TFEQ=Three Eating Questionnaire scores; PPAQ=Pregnancy Physical Activity
Questionnaire; PANAS =Positive and Negative Affect Schedule (PANAS-SF). MET=Metabolic Equivalent of Task

To summarize

Regular attendees differed from non-regular ones in
two respects: they developed greater positive affectiv-
ity, but unexpectedly they also developed more cognitive
restraint between baseline and the visit in weeks 32-34.

Secondary goal: the effects of the educational program on
maternofetal outcomes

No significant effects related to the educational program
were observed in any of the 17 maternofetal outcomes

tested when comparing participants to non-participants
(Table 7).

Discussion

Summary of results

The main goal of this study was to determine the fac-
tors that explain participation and regular attendance
in a lifestyle intervention in pregnant overweight and
obese women. The secondary goal was to compare the
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Table 4 Multivariable model of factors influencing educational
program attendance

OR (95%Cl)* p-value

Age, years 1.06 (0.97-1.17) 0.20
Educational level 0.80

<NVQ level 1,2 1.00 (ref)

High school graduate 336 (0.09-119.45)

> High school graduate 2.95 (0.09-102.84)
Household income 1.60 (1.02-2.49) 0.04
TFEQ scores
Uncontrolled eating 1.00 (0.97-1.02) 0.71
PANAS
Positive affectivity 1.05 (0.97-1.14) 0.23
Negative affectivity 0.96 (0.89-1.04) 0.40

Abbreviations OR: Odds Ratio, 95%Cl: 95% Confidence Interval, TFEQ=Three
Eating Questionnaire scores, PPAQ=Pregnancy Physical Activity Questionnaire,
MET=Metabolic Equivalent of Task

*OR are expressed for a one-unit increase and estimated in favor of regular
attendance

development of health-related behaviors and affectivity
between groups, as well as maternofetal outcomes.
Interestingly, the factors that explained participation
were different from those that explained attendance.
Participation was driven by problematic health behav-
iors, such as problematic eating behaviors—especially
cognitive restraint—and low levels of PA. Conversely,
regular attendance was driven by sociodemographic,
behavioral, and affective resources, namely higher lev-
els of education and income, lower rates of uncontrolled
eating, and “better” affectivity, with income representing

Emotional Eating

50.0 50.0
45.0 45.0
40.0 40.0

35.0 35.0

Uncontrolled Eating

30.0 3 d 30.0 |
g B
25.0 ; >, 25.0 25 5. 4.
. 9.
20.0 20.0 27.0 25.4 25.6 20
15.0 15.0 15
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the only explaining variable in the multivariate analy-
sis. With respect to the secondary goal, the only differ-
ences found were that regular participants demonstrated
both increased positive affectivity and greater cognitive
restraint between baseline and the first visit compared to
non-regular participants.

Prevalence of participation and regular attendance

In our study, 61.5% of women agreed to participate in
the educational program. This number corresponds to
the upper limit of the range of patient participation in
self-management programs for chronic diseases, includ-
ing obesity, which extends from 10 to 60% [27-29]. Con-
cerns for their baby’s health may explain the “high” rate of
participation by these women, which was also seen with
regard to weight management advice during pregnancy,
with 78% attendance at the first appointment [30]. How-
ever, only 45% of participants in our study and 41% in
the individual program mentioned earlier (30) attended
classes regularly. This drop-out rate is problematic, given
that long-term positive outcomes depend on high atten-
dance [31, 32]. Attendance at PA sessions was particu-
larly low, with 50% of women attending less than 8.3% of
these sessions.

Factors determining participation and attendance (main
goal)

Participation was mainly explained by cognitive restraint
and low levels of PA, difficulties that seemed to trigger
participation. This suggests that women are aware of

Cognitive restraint
50
45
40
35
30

20-24 weeks 32-34 weeks post-partum 20-24 weeks

W Participants  ONon participants M Participants

Physical activity

32-34 weeks

Positive affectivity

post-partum 20-24 weeks 32-34 weeks post-partum

ONon participants M Participants  ONon participants

Negative affectivity

39.0 25.0
380 24.0

350.0
37.0 23.0
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250.0 34.0 20.0

90, " 330 19.0 )
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31.0 . 170 .
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20-24 weeks 32-34 weeks post-partum 20-24 weeks

M Participants O Non participants M Participants

32-34 weeks

post-partum

20-24 weeks 32-34 weeks post-partum

ONon participants

M Participants O Non participants

Fig. 1 Means of eating behaviors, physical activity (Met.h per week) and affectivity according to participation. Note Error bars=95% confidence intervals
of the means. Means and 95%Cl were estimated using a mixed model, considering variance of the three repeated measure of each outcome
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Participants

Non-participants

Difference in change from

baseline*
Mean (95%Cl)* Mean (95%Cl)* Mean (95%CI) p-value

Uncontrolled eating

20-24 weeks (baseline) 350(31.7t038.2) 27.0(23.0t031.0)

32-34 weeks 30.1 (26.8t0334) 254 (213t0294)

Post-partum 290 (25.5t0 324) 256 (21.3t029.9)

Change (32-34 weeks — baseline) -20(-59t01.9) -06(-521t03.9) 14(-26t053) 0.50

Change (postpartum —baseline) # -34(-76t00.9) -0.7 (-5.7t0 4.3) 27(-22t07.5) 0.28
Emotional eating

20-24 weeks (baseline) 43.6 (39.2t047.9) 30.2 (24.7 t0 35.6)

32-34 weeks 37.1(32.7t041.6) 29.2 (23.6t034.7)

Post-partum 393 (34.8t043.9) 324 (26.7t038.2)

Change (32-34 weeks — baseline) ¥ -0.8 (-6.0t0 4.3) 12(-48t07.3) 21(-33t074) 0.44

Change (postpartum —baseline) # 15(-40t07.0) 41 (-241t010.6) 26(-361t08.8) 0.40
Cognitive restraint

20-24 weeks (baseline) 39.7 (36.2t0 43.1) 326 (283 t0 37.0)

32-34 weeks 41.1 (37.5t0 44.6) 34.1(29.7 to 38.5)

Postpartum 40.8 (37.1 to 44.4) 35.7(31.1t040.3)

Change (32-34 weeks - baseline) # 1.8(-23t06.0) -0.1 (-5.0t04.8) -20(-63t024) 0.38

Change (postpartum —baseline) * 1.7(-29t06.2) 16(-3.7t07.0) 00(-53t05.2) 0.99
Physical activity

20-24 weeks (baseline) 242 (219 to 266) 290 (261 to 319)

32-34 weeks 207 (182 to 231) 220 (190 to 250)

Postpartum 282 (257 to 308) 267 (234 to 300)

Change (32-34 weeks - baseline) ¥ -61(-90 to -32) -67 (-100 to -33) -5.3(-3281t022.2) 0.70

Change (postpartum — baseline) * 12 (-24 t0 48) -20 (-63 to 23) -32.0(-77t0 13) 0.16
Positive affectivity

20-24 weeks (baseline) 34.0(32.7t0352) 334 (31.8t034.9)

32-34 weeks 34.1(32.81t035.3) 32.3(30.7t0 33.9)

Postpartum 358 (34.5t0 37.1) 33.9(323t035.6)

Change (32-34 weeks — baseline) ¥ 1.0(-0.5t0 2.5) 00(-1.8t01.8) -1.0 (2610 0.6) 0.22

Change (postpartum — baseline) # 2.6(1.1t04.2) 15(-041t03.3) -1.1(-3.0t0 0.6) 0.19
Negative affectivity

20-24 weeks (baseline) 214 (20.2t0 22.6) 199 (184 to 21.4)

32-34 weeks 19.9(18.7t021.2) 19.0 (17.5 t0 20.6)

Postpartum 19.9 (18.7t021.2) 19.1(17.5t020.7)

Change (32-34 weeks - baseline) # -09 (-24t0 0.5) -06(-2.3to 1.1) 03(-1.2t01.8) 0.69

Change (postpartum — baseline) # -09(-2.5t00.7) -06(-24t01.2) 03(-14to2.1) 0.71

* Means (95%Cl) were estimated using a mixed model, considering variance of the three repeated measure of each outcome

# changes were adjusted for baseline value, age, pre-gestational BMI, and educational level. If the confidence interval does not contain the value of 0, then the

change is statistically significant and is in bold

their behavioral problems and willing to try something
that may help them cope, regardless of their level of
education and income. The latter factors did not impact
participation, in contrast to the usual results concerning
the impact of socio-economic status on health-related
behaviors (e.g. [33]). The fact that our program was free
may explain why income did not affect the decision to
participate. Furthermore, social desirability—i.e., the ten-
dency to behave in a way that conforms to the expecta-
tions of others and society as a whole—may also explain
the decision to participate, as there are strong expecta-
tions that pregnant women will do what is best for their

baby’s health. However, once the program started, the
difficulties usually associated with lower attendance in
scientific literature were also found to reduce attendance
in our study, namely a lower educational level [27, 34,
35], younger age [34], emotional difficulties [36], and
problematic eating behavior [34]. In our multivariable
model, income was the only variable that significantly
explained attendance. Women with lower socio-eco-
nomic status or who belong to ethnic minorities may
consider health less of a priority [37]. Moreover, in chal-
lenging socio-economic contexts, a lack of time and sup-
port from their partners, which are widely recognized as
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Fig. 2 Means of eating behaviors, physical activity (Met.h per week) and affectivity according to attendance. Note Error bars =95% confidence intervals of
the means. Means and 95%Cl were estimated using a mixed model, considering variance of the three repeated measure of each outcome

significant barriers to PA [38—40], may also be an issue.
These women may not be able to attend three nutrition
classes and 12 exercise classes due to a busy and inflex-
ible work schedule. Furthermore, group educational
interventions—although in our case they were limited
to 12 participants in order to provide as much personal-
ized advice as possible —may be deemed too general and
not tailored to specific personal challenges and situations
[37]. Finally, women with low socio-economic status may
not feel comfortable in educational groups, perhaps due
to low health literacy.

The development of behavioral variables and affectivity
between groups (secondary goal)

With the exception of a greater change in PA in the regu-
lar participants compared to non-regular ones, the pro-
gram did not improve any other variables. An increase
in cognitive restraint was even seen in regular attendees
at 32—34 weeks. Eating behaviors may require more time
to change and should thus probably be addressed before
pregnancy to improve health outcomes. Indeed, the
program did not improve any mother and infant health
outcomes, which confirms the results of a recent meta-
review showing almost no health benefits to lifestyle
interventions in overweight or obese pregnant women
[41]. As discussed in the meta-review, pregnancy, which
already implies many changes and difficulties, may not, in
fact, be the best period to initiate a behavioral change, but
may be better suited to consolidating previous changes
of habits. Alternatively, such interventions could be bet-
ter received and more consistently followed if proposed

earlier in pregnancy [35, 42], especially as tiredness in the
third trimester of pregnancy prevents engagement in PA
[40].

Suggestions to improve future interventions

We propose four ways of improving future interventions:
(1) co-construction of the program with patients as part-
ners, (2) flexible modalities of delivering programs using
digital tools, (3) the involvement of partners, and (4) the
use of behavioral changes techniques.

(1) Co-construction of the interventions with patients
as partners [43—-45] is required to ensure that the inter-
vention meets patients’ actual needs and is grounded in
their lives in some way. In fact, interventions are often
designed by highly educated researchers and clinicians
who may lack perspective on the challenges encountered
by obese women with low socio-economic status or emo-
tional difficulties. Even the participants’ built environ-
ment (e.g., parks, transit, walkability, etc.) can influence
the efficacy of interventions [46] and should thus be dis-
cussed with participants. (2) Employing e-interventions
or combining face-to-face and online sessions is a prom-
ising approach, as these methods demonstrate higher
retention rates [47] and positive outcomes [48]. The
use of an app dedicated to the program with multidisci-
plinary content has also been praised (39), particularly
by women living in disadvantaged neighborhoods [49].
Such devices allow frequent contact with participants,
which is a success factor in the interventions [42]. (3) As
social support is key to successful lifestyle change, part-
ners or next of kin should be involved from the beginning
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Regular Non-regular Difference in change from baseline*
Mean (95%Cl)* Mean (95%Cl)* Mean (95%Cl) p-value

Uncontrolled eating

20-24 weeks (baseline) 31.0 (26.0 to 36.0) 376(33.0t042.1)

32-34 weeks 29.2 (24.7 t0 33.7) 304 (26.2t0 34.5)

Postpartum 282 (23.5t032.9) 28.1 (23.5t0 32.6)

Change (32-34 weeks - baseline) # -1.8(-70to0 34) -32(-76t01.2) -14 (-6.4t03.6) 0.58

Change (postpartum -baseline) * -28(-8.7t03.1) -50(-104t00.3) -2.2(-86t04.2) 0.50
Emotional eating

20-24 weeks (baseline) 42.7 (36.1 t0 49.3) 434 (37410 49.5)

32-34 weeks 364 (304t0424) 37.0(31.4t042.6)

Postpartum 41.1 34.3t047.9) 36.7 (30.3t043.2)

Change (32-34 weeks — baseline) ¥ -22(-95t05.1) -1.8(-80t04.5) 04 (-6.6t07.5) 0.90

Change (postpartum —baseline) # 2.7 (-50t0 10.3) -20(-88t04.8) -46(-1251t03.2) 0.24
Cognitive restraint

20-24 weeks (baseline) 40.5 (356 t0 45.4) 38.8(34.3t043.3)

32-34 weeks 44.5 (39.6 to 49.4) 38.0(33.5t042.5)

Postpartum 440 (38.6 t0 49.3)) 37.7(32.5t0429)

Change (32-34 weeks — baseline) ¥ 5.8(0.4to0 11.3) -06 (-53t04.1) -6.4(-11.8to-1.0) 0.020

Change (postpartum —baseline) # 56(-06t011.7) -0.8 (-6.4t04.8) -6.3(-13.1t0 04) 0.066
Physical activity

20-24 weeks (baseline) 226 (193 to 259) 258 (228 to 288)

32-34 weeks 206 (180 to 233) 206 (181 to 231)

Postpartum 278 (241 to 31) 291 (253 t0 327)

Change (32-34 weeks - baseline) # -44 (-78 to -10) -61(-91to-31) -17 (-50to 15) 0.28

Change (post—partum — baseline) ¥ 26(-19t0 71) 14 (-28 t0 56) -12 (-65to 41) 0.66
Positive affectivity

20-24 weeks (baseline) 359 (34.2to 37.5) 32.8(31.3t034.3)

32-34 weeks 36.2 (34.6t0 37.8) 32.5(31.0t0 34.0)

Postpartum 36.7 (35.1 to 38.3) 35.7 (34.1t0 37.3)

Change (32-34 weeks - baseline) # 2.8(0.8t04.8) -04(-21t0 1.3) -3.2(-5.2to0-1.2) 0.002

Change (postpartum — baseline) * 3.1(1.0t0 5.1) 2.7 (0.8t0 4.5) -04(-26t0 1.8) 0.72
Negative affectivity

20-24 weeks (baseline) 196 (17.8t0214) 22.5(20.8t024.2)

32-34 weeks 18.2 (16.4t0 19.9) 21.2(19.5t022.8)

Post-partum 19.2 (17410 20.9) 20.0(183to0 21.7)

Change (32-34 weeks — baseline) ¥ -1.8(-3.7t00.2) 00(-17t01.8) 1.8 (-0.1t0 3.8) 0.060

Change (postpartum — baseline) # -0.7 (-2.8t0 14) -1.0(-3.0to0 1.0) -03(-26t0 1.9) 0.77

* Means(95%Cl) were estimated using a mixed model considering variance of the three repeated measure of each outcome

# changes were adjusted for baseline value, age, pre-gestational BMI and educational level. If the confidence interval does not contain the value of 0, then the

change is statistically significant and is in bold

of the program so that they become more aware of their
responsibility to help their partner change. (4) To further
help patients implement PA and healthy dietary in their
daily life, programs of this kind would greatly benefit
from sessions focused on behavioral change techniques
(BCT). In a systematic review of PA interventions for
overweight and obese pregnant women [50], the most-
used BCTs in successful interventions were instructions
on how to perform a behavior and behavioral practice/
rehearsal (two elements that were implemented in our
program) along with self-monitoring of behavior (which
was only encouraged in our program), and social support,

goal setting outcome, and problem solving (which were
not addressed in our program). Finally, feasibility stud-
ies aiming to assess the acceptability of interventions by
participants and attrition rates, should also be carried out
before any large-scale rollout [51, 52].

Limitations and strengths

Contextual data concerning the intervention are lacking.
For example, we have no information about the family
support received (or not) by women in relation to pro-
gram attendance and changing health behaviors, whereas
evidence shows that the opinion and support of family
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Table 7 Obstetrical and neonatal outcomes according to
participation

N Participants N  Non par- p-
n=115 ticipants val-
n=72 ue
Complication 115 43(37.4) 71 24(33.8) 0.62
Gestational diabetes 43 24 (55.8) 24 14(583) 0.84
Gestational 43 4(9.3) 24 0(0) NA
hypertension
Preeclampsia 43 0(0) 24 1(4.2) NA
Preterm PROM 43 0(0) 24 142 NA
Premature birth 43 3(7.0) 24 2(83) NA
Gestational weight 109 116+72 70 106+58 0.58
gain (kg)
C-section 113 31274 71 15211 034
Instrumental vaginal 82 20 (24.4) 56 11(19.6) 0.51
delivery
Birth weight (g) 113 3405+516 71 3481+509 033
Umbilical pH<7.10 113 18(15.9) 70 5(7.1) 0.081
Apgar score at 113 4(35) 71 2(28) NA
1 min<7
Shoulder dystocia 111 4(36) 71 1014 NA
Transfer in ICU 13 3(26) 71 2(28) NA
Breastfeeding 105 65 (61.9) 64 32(50.0)
Formula feeding 26 (24.8) 25 (39.1) 0.14
Mixed feeding 14 (13.3) 7(10.9)
Post-partum BMI at T3 98 309 62 306 0.23
(kg/m?) [28.8-34.5] [27.7-33.4]

Baby's weightatT3(g) 104 4894623 63 47871775 035

Values expressed as numbers (%), mean+SD or median [IQR]; T3=6 to 8 weeks
after delivery

Abbreviations SD=Standard Deviation; IQR=Interquartile Range, NA=Not
Applicable

impacts attendance rates [34, 50]. We also do not know
how the program was conducted and perceived by the
participants, whereas peer-support and friendliness on
the part of the facilitators are also known to contrib-
ute to attendance [37]. Nutritional habits were also not
evaluated in detail. The use of additional scales may have
revealed changes that were not captured by the single
measure we used. Due to low attendance, there may be
insufficient statistical power to compare regular and non-
regular participants. Finally, results on maternofetal out-
comes should be read with extreme caution. Indeed, since
the study was not designed to test the effectiveness of the
program, no randomization or adjustment for confound-
ing variables in analyses related to maternofetal out-
comes was carried out. Despite these limitations, some
strengths must be highlighted. Even though this was a
single-center study, which limits the generalizability of
the results, Northern France, where it was conducted, is
the region that is most impacted by obesity [53] and thus
highly relevant for such a study. Another strength is that
we considered both participation and regular attendance.
This distinction made it possible to demonstrate that
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even though problematic health behaviors triggered par-
ticipation, showing the willingness of women to address
their bad habits, low incomes remained strong barriers
that must be concretely addressed.

Conclusion

Our study highlights the complex interplay of factors
influencing participation and regular attendance in a
lifestyle intervention program for overweight and obese
pregnant women. While cognitive restraint and low PA
levels were the primary motivators for initial participa-
tion, sustained attendance was significantly influenced by
socioeconomic factors, particularly income. The lack of
significant improvements in the targeted health-related
behaviors and maternal and neonatal outcomes suggests
that such interventions may need to be started early
and to be supplemented by more tailored approaches to
address specific barriers faced by lower-income partici-
pants. Future programs should consider integrating flex-
ible delivery methods, partner involvement, and behavior
change techniques to enhance effectiveness and adher-
ence. The target participants should also be included
in the design of the intervention. Understanding these
dynamics is crucial for designing more inclusive and
impactful health interventions during pregnancy.
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