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A B S T R A C T   

The objective of this study was to assess the effects of CenteringPregnancy (CP) in the Netherlands on different 
health outcomes. A stepped wedged cluster randomized trial was used, including 2132 women of approximately 
12 weeks of gestation, from thirteen primary care midwifery centres in and around Leiden, Netherlands. Data 
collection was done through self-administered questionnaires. Multilevel intention-to-treat analysis and pro
pensity score matching for the entire group and separately for nulliparous- and multiparous women were 
employed. The main outcomes were: health behaviour, health literacy, psychological outcomes, health care use, 
and satisfaction with care. Women’s participation in CP is associated with lower alcohol consumption after birth 
(OR = 0.59, 95 %CI 0.42–0.84), greater consistency with norms for healthy eating and physical activity 
(β = 0.19, 95 %CI 0.02–0.37), and higher knowledge about pregnancy (β = 0.05, 95 %CI 0.01–0.08). Compared 
to the control group, nulliparous women who participating in CP reported better compliance to the norm for 
healthy eating and physical activity (β = 0.28, 95 %CI0.06–0.51)) and multiparous CP participants consumed less 
alcohol after giving birth (OR = 0.42, 95 %CI 0.23–0.78). Health care use and satisfaction rates were significantly 
higher among CP participants. A non-significant trend toward lower smoking rates was documented among CP 
participants. Overall, the results of this study reveal a positive (postpartum) impact on fostering healthy be
haviours among participants.   

1. Introduction 

A 2008 comparison of perinatal mortality rates in 26 European 
countries revealed that the Netherlands had the highest perinatal mor
tality rate of all included countries (Mohangoo et al., 2008). Health 
behaviours, low educational level, and insufficient use of antenatal care 
were, among others, identified as contributing factors (Mohangoo et al., 
2008). To improve perinatal health, CenteringPregnancy (CP) -a group 
antenatal care (GANC) model developed in the USA- was implemented 
in 2012 in primary midwifery care organisations Rising, 1998, Rijnders 
et al., 2019). Antenatal care in the Netherlands traditionally consists of 
individual visits (Koster et al., 2015). With the implementation of CP, 
these visits have been replaced by group sessions (Rising, 1998, Rising 
et al., 2004), thereby providing healthcare workers more time with 

pregnant women and for them to engage in mutual learning and health 
education (Strickland et al., 2016). Internationally, CP is associated with 
positive maternal and neonatal outcomes (Ickovics et al., 2003, Ickovics 
et al., 2007, Jafari et al., 2010, Picklesimer et al., 2012, Sheeder et al., 
2012, Tanner-Smith et al., 2013, Strickland et al., 2016, Cunningham 
et al., 2017, Ghani, 2018, Abshire et al., 2019, Adaji et al., 2019, 
Crockett et al., 2019). Moreover, CP has been related to greater satis
faction with antenatal care (Ickovics et al., 2007, Craswell et al., 2016), 
and a greater number of antenatal care visits (Eluwa et al., 2018, Abshire 
et al., 2019, Heberlein et al., 2020). A Dutch study revealed some pos
itive effects of CP on neonatal and maternal outcomes, particularly on 
maternal hypertension (Wagijo et al., 2022); moreover there is also 
evidence of increased antenatal care visits and satisfaction (Rijnders 
et al., 2019). 
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Although CP includes peer-based strategies, which have been found 
to facilitate positive changes in health behaviour (Webel et al., 2010), 
only few studies have evaluated CP on improvement in health behav
iours and the results have been inconclusive. A cross-sectional study 
found no differences in health behaviours (Shakespear et al., 2010), 
while other studies reported that women participating in CP scored 
significantly higher on the Pregnancy-relevant Health Behaviours scale 
(Marzouk et al., 2018) and self-reported behaviour (Hend Abdallah El 
Sayed, 2018). Zielinski et al., reported higher smoking cessation rates 
among CP participants compared to women receiving traditional care 
(Zielinski et al., 2014). However, Benediktsson et al., found no effect of 
CP on smoking cessation rates or even lower cessation rates when they 
compared CP participants to women in paid antenatal educational 
classes (Benediktsson et al., 2013). In addition, There is some evidence 
of the positive effects of GANC on knowledge about pregnancy issues, 
but there is less information on how group care influences lifestyle 
knowledge (Albrecht et al., 2000, Alm-Roijer et al., 2004, Cowell, 2006), 
(Baldwin, 2006, Ickovics et al., 2007, Byerley and Haas, 2017). 

There is also some evidence that GANC can improve (postpartum) 
psychosocial outcomes in higher risk women (Ickovics et al., 2007, 
Benediktsson et al., 2013, Buultjens et al., 2021, Liu et al., 2021), but 
there is limited information for women visiting primary midwifery care 
who in general have a lower medical risk but can live in adverse psy
chosocial circumstances. 

Considering this limited and inconclusive evidence, we conducted 
the current study to investigate the effect of CP on health behaviours, 
health literacy, psychosocial outcomes, and health care use and satis
faction of pregnant women in primary midwifery care. 

2. Methods 

2.1. Design and setting 

The data for this study were extracted from the stepped-wedge 
cluster randomized trial described by Zwicht et al., and follows our 
previous research on CP (van Zwicht et al., 2016, Wagijo et al., 2022, 
Wagij et al., 2022). Participating healthcare facilities from the three 
regions included in this study offered only individual antenatal care 
before this study began. In November 2013 the control period started, 
followed by the intervention period in April 2014 with a stepwise 
implementation of CP in the included health care facilities. The time
point for CP implementation was randomly assigned to each region 
using opaque envelopes; a between-step period of three months was 
used. All women attending antenatal care in the healthcare facilities 
were then offered CP but were also free to choose individual care (IC). 
Women provided written informed consent at their initial intake 
appointment. 

The healthcare professionals, mostly midwives, working in the fa
cilities received a two-day CP training and at least three follow-up su
pervision sessions, enabling them to discuss implementation barriers 
and practice facilitation skills. All healthcare facilities were visited by a 
CP consultant to discuss implementation issues and free consultations 
were available with the Dutch foundation for Centering-based Group 
Care to discuss any issue. All providers were invited to link to a platform 
where experiences could be shared with other care professionals who 
provided CP. 

CP participants were offered a maximum of nine CP sessions during 
pregnancy and one session postpartum. Each session lasted approxi
mately 120 min and took place in groups of 8–12 women. During the 
sessions, women received the same clinical assessments as in IC. All 
assessments took place in the group space and women were taught to 
perform several measurements themselves- for example: taking their 
own blood pressure. Healthcare professionals were present to assist and 
repeat measurements when there were deviant results. Each CP session 

focussed on a theme (lifestyle, birth, postpartum period, relationships, 
etc.), but emphasise varied depending on the needs of the group, and 
women were encouraged to bring up any topic. 

2.2. Study population 

Participants were recruited from 13 midwife practices and 2 hospi
tals in the area of Leiden/The Hague in the Netherlands. Women were 
eligible for inclusion in the study if they were able to understand the 
study and to communicate (with help) in Dutch or English. Current 
study only included the women that started their antenatal care in pri
mary midwifery care. All women who completed the first questionnaire 
during the control period were assigned to the control group and to the 
intervention group if they completed it during the intervention period. 
The intervention group was further divided into the CP group (if they 
participated in CP) and IC group (if they chose individual care). The 
study was approved by the Medical Ethical Committee Leiden, The 
Hague and Delft (P13.105). 

2.3. Data collection 

Data were collected through three self-administered questionnaires 
during pregnancy and one questionnaire postpartum. Pseudonyms were 
used to protect the privacy of the participant and to link the data. The 
questionnaires consisted of 45 to 140 questions and it took 20–25 min to 
fill out. Women received the first questionnaire as a hard copy at their 
individual antenatal intake, usually at 8–12 weeks of gestation. This 
questionnaire was filled in at home and sent back to the researchers in 
pre-addressed, postage-paid envelopes. The follow-up questionnaires 
were sent by e-mail (with a link to the questionnaires) at 28 weeks, 
36 weeks, and 6 weeks post-partum; if they did not respond after three 
reminders, researchers sent a hard copy by postal mail. 

2.4. Sociodemographic characteristics 

The age of the participants at the time of giving informed consent 
was calculated based on the date of birth. Level of education was cate
gorized as low (no, primary or prevocational education), average (sec
ondary education) and high (higher professional education or 
university). Ethnicity was defined as Dutch, non-Western (African, 
Surinamese, Hindustani, Moroccan, Turkish, and Asian) and other 
Western. Additionally having a partner and employment were included. 

2.5. Health behaviour outcomes 

Smoking behaviour and alcohol use were measured by self-reported 
frequencies, at 12, 28, and 36 weeks of pregnancy and 6 weeks post- 
partum. The questionnaire at 12 weeks included questions regarding 
smoking and alcohol use before pregnancy. Alcohol use during preg
nancy was reported by 0.5% women. Therefore, only data of alcohol use 
before and after pregnancy were included in analysis. 

Eating behaviour was measured by the number of days women 
consumed breakfast, fruits and vegetables during the past week at 12, 
28 weeks of pregnancy and 6 weeks postpartum. Women scored 1 when 
eating breakfast, fruits, and vegetables for seven days a week and 
otherwise scored 0; following the norm of the Health Council of the 
Netherlands (Kromhout et al., 2016). For physical activity, all women 
were asked how many days in the past week they exercised for at least 
30 min, including going out for a walk or riding a bike. If women did not 
exercise at least five days, they were categorized as not complying to the 
healthy physical activity norm, with a score of 0. Beweegrichtlijnen 
(2017). The healthy eating and physical activity scores were summed in 
an overall healthy eating and physical activity score ranging from 0 to 4, 
with 0 referring to not complying with any of the eating or physical 
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activity norms and 4 to complying to all norms. Gestational weight (in 
kilograms) was measured by self-reported weight at 12 weeks and 
36 weeks of pregnancy. 

2.6. Health literacy and psychosocial outcomes 

Health behaviour knowledge and pregnancy knowledge were 
measured by a combination of questions from the nutrition test of the 
Dutch Nutrition Centre and the Prenatal and Postnatal Care Knowledge 
Test (Ickovics et al., 2007). Based on the number of right answers, 
women could score 0–5 points. Using the Prenatal Distress Question
naire (NuPDQ), a revised version of a 12-scale item developed by Yali 
and Lobel, stress among the women was measured (Yali and Lobel, 
1999, Yali and Lobel, 2002, Alderdice et al., 2012). In addition, a 
concluding item to determine the perceived stress was added, in which 
women could grade their level of stress on a scale of 0.0 to 10.0. 

Coping was evaluated with a 9-items instrument based on the revised 
Prenatal Coping Inventory (NuPCI) asking about the use of problem- 
focused, emotion-focused active, and emotion-focused passive coping 
in the last month (de Ridder and Schreurs, 1996, De Ridder et al., 1998, 
Savelkoul et al., 2000). The items were summed into one coping score 
ranging from 1 to 4: with 1 indicating not having used these strategies 
and 4 (very) often having used them (Hamilton and Lobel, 2008). Social 
support was measured with the social support list comprising 12 items 
(Bridges et al., 2002, van Sonderen and Sanderman, 2013) summed into 
a four-point scale outcome. Depression was measured with the Edin
burgh Postnatal Depression Scale (Cox et al., 1987) and the outcome was 
dichotomized (cut-off point: 13.0). 

2.7. Health care use and satisfaction 

Health care use was measured by the number of antenatal visits 
during pregnancy with a midwife at the midwife practice and/or a 
gynaecologist at the hospital. Total obstetric care included both the 
visits to the gynaecologist and midwife, contacts by telephone, ultra
sound appointments, and home visits. Other health care use refers to the 
number of appointments with other health professionals, e.g. the general 
practitioner, physiotherapist, etc. 

Satisfaction of women with antenatal care was measured by the 
Patient Participation and Satisfaction questionnaire, on a five-point 
scale (Littlefield and Adams, 1987, Littlefield et al., 1990). In addi
tion, satisfaction with care during pregnancy and satisfaction with care 
during birthing were both evaluated by the women with a self-reported 
grade between 0.0 and 10.0, with 10 being extremely satisfied. 

Comprehensive and detailed information regarding the outcomes 
can be found in the protocol article of the study (van Zwicht et al., 
2016). 

2.8. Statistical analysis 

Sociodemographic characteristics were compared between the 
women in the control group and intervention group and between con
trol, intervention-IC and intervention-CP group, using Chi-square tests. 
Separate analyses were performed for nulli- and multiparous women, as 
previous research showed that pregnancy outcomes can be different 
between the two groups (Wheeler et al., 2018, Desplanches et al., 2019, 
Koullali et al., 2020) and higher CP participation rates among nullipa
rous women (Wagijo et al., 2022). 

Multilevel logistic regression analyses were used to determine the 
difference between women in the control and intervention period for all 
variables, with a 95% CI. Clustering was by site and region. Next, pro
pensity score matching was performed separately for the CP and IC 
intervention groups. Fig. 1 presents an overview of the number of 
women included in the study and in the propensity score groups. Pro
pensity scores were calculated by matching women with similar scores 
to the following characteristics at baseline: level of education, ethnicity, 
age, alcohol use, smoking, dental hygiene, medication use, stress (due to 
pregnancy), eating behaviour, physical activity, lifestyle, and pregnancy 
knowledge, coping mechanisms, support, weight and healthcare use 
before pregnancy. Calipher matching was used. 

Multilevel logistic and linear regression analyses were performed to 
compare women receiving CP in the intervention period (CP group) with 
a group of comparable women in the control period (CP-control group). 
Women receiving IC in the intervention period were compared with a 
group of comparable women in the control period (IC-control group). A 
correction for the timepoint of implementation of CP was used and an
alyses were first performed for both nulliparous and multiparous women 
and then separately. 

To reduce bias due to missing data, multiple imputation was used to 
impute missing variables’ on the outcome variables (Jakobsen et al., 
2017). We assumed missings were at random as we had insight in the 
properties of the missingness based on the questionnaire. The following 
variables were included in the imputation models: variables that we 
used as outcome, variables that were related to the missingness struc
ture, and variables that were strong predictors for the variable we 
wanted to impute. We used 20 iterations as about 20 to 30% of the data 
was missing. Multiple imputed data sets were pooled using the bar 
procedure (Daniele, 2018). 

Fig. 1.  
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The results of the analyses on the total group (nulliparous and 
multiparous women combined), before propensity score matching, are 
presented in the supplementary (S1 Table), as well as the results of the 
separate behaviours of the healthy eating and physical activity scale 
(after propensity score matching) (S2 Table). 

For the propensity score matching, R Studio was used, and all other 
analyses were performed with SPSS version 25.0. 

3. Results 

A total of 3048 women gave informed consent for the study, of which 
710 women did not fill in the baseline questionnaire and were excluded 
from this study. Therefore, this study included 2338 women participated 
in this study: 751 women in the control and 1587 in the intervention 
period, with a CP participation rate of 32% of the women. 

3.1. Descriptive statistics 

In the IC group statistically a significant higher percentage of women 
of Dutch origin and both partners being employed participated 
(Table 1). Nulliparous women in the IC group were more likely to be of 
Dutch origin and to have a paid job compared to those in the control 
period. 

3.2. Intervention period group versus control period group 

The results of the analysis performed on the total study population, 
without propensity score matching, are presented in Table S1. 

Table 2 describes the results after the multilevel analysis and pro
pensity score matching for the entire group, which includes nulliparous 
and multiparous women together. 

CP group vs Control-CP group (Table 2 after propensity score matching): 
Compared to control-CP women, CP women had higher pregnancy 
knowledge scores at 36 weeks, consumed less alcohol, more frequently 
complied with the norm for healthy eating and physical activity at six 
weeks postpartum, and used more obstetric care (midwife and total 
obstetric care) before 36 weeks. Satisfaction scores were significantly 
higher among CP women. 

IC group vs Control-Individual care group (Table 2): Women in the IC 
group less often complied to the norm for healthy eating and physical 
activity at 28 weeks and scored higher on the stress scale at 36 weeks 
pregnancy compared to the control-Individual care group women. 

The results for nulliparous and multiparous women separately, after 

propensity scoring, are presented in Table 3. 

3.3. Nulliparous and multiparous – CP group vs Control-CP group 

Nulliparous women: Compared to nulliparous Control-CP women, 
nulliparous CP women more often complied to the norm for healthy 
eating and physical activity at six weeks postpartum and their prenatal 
use (midwife and total obstetric care) before 36 weeks was higher. 
Among these women physical activity at six weeks postpartum was 
statistically significantly higher. Moreover, their breakfast, fruit, and 
vegetable intake were higher, although not significantly (Table Ss). 
Smoking behaviour decreased from 3.8% at intake to 1.9% at 36 weeks 
and 2.3% after pregnancy in the nulliparous CP group, while it increased 
from 3.0% to 3.4% and 6.0%, respectively in the nulliparous control-CP 
group (although the differences were not statistically significant be
tween groups). 

Multiparous women: Alcohol use at six weeks postpartum was 
significantly lower among multiparous CP women. 

Both nulliparous and multiparous CP women were more satisfied 
with care during pregnancy and scored higher for the variable partici
pation and satisfaction. 

3.4. Nulliparous and multiparous – IC group vs Control-IC group 

Nulliparous women: Women in the IC-group less often complied with 
the norm for healthy eating and physical activity at 28 weeks. Their 
daily breakfast consumption, physical activity, fruit and vegetable 
intake at 28 weeks, were lower, although not statistically significant, 
except for breakfast consumption (Table S2). 

Multiparous women: For multiparous women in the IC group no sig
nificant differences were found compared to women in the control-IC 
group. 

4. Discussion 

4.1. Main findings and interpretations 

The aim of the current study was to assess the effect of CP in the 
Netherlands on health behaviours, health and pregnancy knowledge, 
psychosocial outcomes, health care use and satisfaction. Women 
participating in CP more often complied to the norm for healthy eating 
and physical activity and used less alcohol at six weeks postpartum. 
They acquired more knowledge regarding pregnancy issues, attended 

Table 1 
Differences in sociodemographic characteristics reported in baseline questionnaire between the control and intervention period for nulli- and multiparous women 
(n = 2338).    

Total study population Nulliparous Multiparous   

Control 
n = 751, % 
n 

IC 
n = 1076, % 
n 

CP 
n = 511, % 
n 

Control 
n = 351, % 
n 

IC 
n = 431, % 
n 

CP 
n = 339 

Control 
n = 400, % 
n 

IC 
n = 645, % 
n 

CP 
n = 172 

Level of 
education 

Low 8.4 8.1 8.0 8.3 7.2 7.1 8.5 8.7 9.9  

Average 34.0 35.9 35.8 33.3 36.0 34.2 34.5 35.8 39.0  
High 57.7 56.0 56.2 58.4 56.8 58.7 57.0 55.5 51.2 

Age < 23 years 2.0 1.2 2.5* 3.1 2.8 3.8 1.0 0.2 0.0  
23–28 29.0 24.7 31.7 39.9 34.8 38.9 19.5 18.0 17.4  
29–35 57.0 59.5 53.8 49.9 54.1 49.0 63.3 63.1 63.4  
>35 years 12.0 14.6 11.9 7.1 8.4 8.3 16.3 18.8 19.2 

Ethnicity Dutch 84.4 88.4** 84.5 84.0 87.9* 81.7 84.8 88.7 90.1  
Non-western 9.7 5.5 7.2 10.0 4.6 8.6 9.5 6.0 4.7  
Other western 5.9 6.1 8.2 6.0 7.4 9.7 5.8 5.3 5.2 

Partner With partner 97.9 99.0 98.0 95.7 98.4 97.3 99.8 99.4 99.4  
Employment among women 
with partner: 

n = 735 n = 1065 n = 501 n = 336 n = 424 n = 330 n = 399 n = 641 n = 171 

Employment Both partners employed 80.7 86.3* 86.1 82.3 90.5** 89.1 79.3 83.6 80.2  
One partner employed 17.3 12.4 12.9 16.0 7.9 10.3 18.5 15.3 18.0  
Not employed 2.0 1.3 1.0 1.7 1.6 0.6 2.3 1.1 1.7  
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more midwifery and total obstetric care visits, and were more satisfied 
with antenatal care. Specifically, nulliparous CP women were eating 
healthier and were more physically active after pregnancy and they 
attended more obstetric care. Multiparous CP women drank alcohol less 
often postpartum. 

What stands out in this study is that most of the positive effects of CP 
on health behaviours occur postpartum, indicating that women 
participating in CP are more likely to continue healthy behaviour or less 
likely to relapse after pregnancy. Other studies also found positive ef
fects of CP on postpartum outcomes, such as higher rates of contracep
tion use and postpartum visits (Heberlein et al., 2020). These findings 

indicate that CP might be an effective method to also target postpartum 
health risks. 

The finding that women participating in CP are less likely to consume 
alcohol at six weeks postpartum and complied more to the Dutch norms 
for healthy eating and physical activity in that period could be related to 
the higher uptake rate of breastfeeding (Wagijo et al., 2022). Other 
studies have shown that women that breastfeed are aware of the 
importance of the intake of healthy nutrients (MacMillan Uribe and 
Olson, 2019). In contrast they have more concerns regarding breast
feeding and exercise: that it could adversely affect their breast milk and 
impact their infants’ growth (Bane, 2015). We checked whether 

Table 2 
Multi-level analyses after propensity score matching comparing women that did not participate in CP with a comparable control group and the group that participated 
in CP with a comparable control group (n = 2132).   

Control- 
Individual care 
N = 658 
%N or mean ± SD 

Individual care 
group 
N = 658 
%N or mean ± SD 

Individual care 
versus 
control-Individual 
care 
β (95% CI) or OR 
(95% CI)•

Control-CP 
N = 400 
%N or 
mean ± SD 

CP group 
N = 416 
%N or 
mean ± SD 

CP versus control- 
CP 
β (95% CI) or OR 
(95% CI)•

Smoking (Yes) 12 weeks 4.1 3.8 reference 2.9 3.1 –  
28 weeks 4.4 4.3 1.02 (0.54 – 1.91)• 3.3 2.4 0.80 (0.36 – 1.76)•
36 weeks 4.3 4.1 1.04 (0.56 – 1.93)• 3.1 2.2 0.81 (0.38 – 1.72)•
6 weeks pp 5.5 4.6 0.93 (0.53 – 1.64)• 4.8 2.4 0.64 (0.32 – 1.28)•

Alcohol use (Yes) Before 
pregnancy 

62.2 65.0 reference 61.1 63.2 –  

6 weeks pp 48.8 50.9 1.00 (0.75 – 1.34)• 28.2 40.1 0.59 (0.42 – 0.84)•
Healthy eating and physical 

activity score 
12 weeks 2.3 ± 1.1 2.2 ± 1.0 reference 2.3 ± 1.0 2.2 ± 1.0 – 
28 weeks 1.8 ± 1.2 1.5 ± 1.3 ¡0.19 (¡0.32 

to ¡ 0.06) 
1.8 ± 1.2 1.8 ± 1.3 0.10 (− 0.06 to 

0.26) 
6 weeks pp 1.5 ± 1.3 1.4 ± 1.3 − 0.08 (− 0.22 to 

0.05) 
1.6 ± 1.3 1.7 ± 1.3 0.19 (0.02 – 0.37) 

Gestational weight (kg) 12 weeks 70.4 ± 12.6 70.4 ± 12.4 reference 71.2 ± 13.1 71.1 ± 13.0 – 
36 weeks 81.8 ± 12.3 81.6 ± 12.4 0.26 (− 0.32 to 0.84) 82.9 ± 12.7 82.2 ± 13.1 − 0.62(− 1.37 to 

0.12) 
Health behaviour knowledge 12 weeks 4.8 ± 0.4 4.9 ± 0.4 reference 4.6 ± 0.4 4.6 ± 0.4   

28 weeks 4.6 ± 0.3 4.7 ± 0.3 − 0.01 (− 0.07 to 
0.04) 

4.7 ± 0.3 4.7 ± 0.3 0.02 (− 0.02 to 
0.06) 

Pregnancy knowledge 12 weeks 4.3 ± 0.5 4.3 ± 0.6 reference 4.2 ± 0.4 4.2 ± 0.4 – 
36 weeks 4.4 ± 0.3 4.4 ± 0.3 − 0.05 (− 0.15 to 

0.06) 
4.4 ± 0.3 4.5 ± 0.3 0.05 (0.01 – 0.08) 

Stress 12 weeks 1.0 ± 0.2 1.1 ± 0.2 reference 1.3 ± 0.2 1.3 ± 0.2 –  
36 weeks 1.3 ± 0.2 1.3 ± 0.2 0.04 (0.004 – 0.07) 1.3 ± 0.2 1.3 ± 0.2 0.01 (− 0.007 – 

0.04) 
Perceived stress 12 weeks 2.6 ± 2.3 2.5 ± 2.2 reference 3.0 ± 2.5 3.0 ± 2.4 –  

36 weeks 3.2 ± 2.1 3.3 ± 2.0 0.09 (− 0.12 to 0.31) 3.3 ± 2.1 3.4 ± 2.2 0.09 (− 0.18 to 
0.36) 

Coping 12 weeks 2.3 ± 0.7 2.5 ± 0.6 reference 2.4 ± 0.6 2.4 ± 0.6 –  
36 weeks 2.5 ± 0.6 2.6 ± 0.5 0.02 (− 0.15 to 0.18) 2.6 ± 0.6 2.6 ± 0.5 0.05 (− 0.02 to 

0.12) 
Support 12 weeks 3.0 ± 0.4 3.0 ± 0.4 reference 2.9 ± 0.5 2.9 ± 0.5 –  

36 weeks 3.0 ± 0.4 3.0 ± 0.4 0.04 (− 0.07 to 0.15) 3.0 ± 0.4 3.0 ± 0.4 − 0.001 (− 0.06 to 
0.06) 

Depression (Yes) 28 weeks 3.7 2.1 reference 3.8 3.8 –  
36 weeks 3.0 2.7 1.01 (0.60 – 1.72)• 4.8 4.1 1.05 (0.57 – 1.95)•

Healthcare use (Midwife) <36 weeks 8.8 ± 2.0 8.6 ± 1.9 0.07 (− 0.13 to 0.28) 8.9 ± 2.1 10.1 ± 2.1 1.25 (0.96 – 1.54) 
>36 weeks 3.3 ± 1.6 3.3 ± 1.6 − 0.02 (− 0.19 to 

0.15) 
6.8 ± 3.2 7.2 ± 5.1 0.10 (− 0.15 to 

0.35) 
Healthcare use 

(Gynecologist) 
<36 weeks 1.2 ± 2.0 1.2 ± 2.2 0.06 (− 0.17 to 0.29) 1.2 ± 1.9 1.3 ± 2.6 0.10 (− 0.22 to 

0.42) 
>36 weeks 1.1 ± 1.6 1.1 ± 1.5 − 0.06 (− 0.24 to 

0.11) 
1.2 ± 1.6 1.4 ± 3.0 0.24 (− 0.11 to 

0.59) 
Healthcare use (Total 

obstetric care) 
<36 weeks 15.3 ± 4.9 15.4 ± 5.6 0.37 (− 0.20 to 0.95) 15.8 ± 5.0 17.6 ± 5.5 1.81 (1.06 – 2.55) 
>36 weeks 6.6 ± 3.3 6.6 ± 4.3 − 0.001 (− 0.43 to 

0.43) 
6.8 ± 3.2 7.2 ± 5.1 0.39 (− 0.22 to 

1.00) 
Healthcare use (Other) 12 weeks 3.0 ± 4.5 3.0 ± 5.1 reference 3.3 ± 4.8 3.4 ± 4.4 – 

6 weeks pp 3.8 ± 4.7 3.8 ± 4.6 0.12 (− 0.37 to 0.60) 3.8 ± 4.7 4.0 ± 4.4 0.04 (− 0.59 to 
0.66) 

Participation and satisfaction 36 weeks 4.0 ± 0.5 4.0 ± 0.5 − 0.002 (− 0.07 to 
0.07) 

4.0 ± 0.5 4.2 ± 0.5 0.19 (0.10 – 0.28) 

Satisfaction during 
pregnancy 

36 weeks 8.1 ± 0.9 8.1 ± 1.0 − 0.01 (− 0.14 to 
0.12) 

8.1 ± 0.9 8.4 ± 0.9 0.28 (0.13 – 0.42) 

• Odds Ratio’s. 
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Table 3 
Multi-level analyses after propensity score matching comparing the nulliparous and multiparous women that did not participate in CP with a comparable control 
group and the group that participated in CP with a comparable control group (n = 2151).  

Nulliparous Control- 
Individual care 
N = 305 
%N or mean ± SD 

Individual care 
group 
N = 305 
%N or 
mean ± SD 

Individual care versus 
control-Individual care 
β (95% CI) or OR (95% CI)•

Control-CP 
N = 267 
%N or 
mean ± SD 

CP 
N = 267 
%N or 
mean ± SD 

CP versus control- 
CP 
β (95% CI) or OR 
(95% CI)•

Smoking (Yes) 12 weeks 4.9 ± 3.9 reference 3.0 3.8 – 
28 weeks 5.3 4.9 1.09 (0.43 – 2.77)• 3.7 2.7 0.72 (0.28 – 1.89)•
36 weeks 4.9 4.9 1.21 (0.49 – 3.04)• 3.4 1.9 0.71 (0.28 – 1.77)•
6 weeks pp 6.9 4.6 0.85 (0.38 – 1.86)• 6.0 2.3 0.51 (0.22 – 1.17)•

Alcohol use (Yes) Before 
pregnancy 

66.8 70.2 reference 64.4 66.7 – 

6 weeks pp 48.7 54.1 1.20 (0.79 – 1.82)• 46.4 42.0 0.71 (0.46–1.09)•
Healthy eating and 

physical activity score 
12 weeks 2.3 ± 1.07 2.2 ± 0.99 reference 2.3 ± 1.06 2.2 ± 1.01 – 
28 weeks 1.8 ± 1.22 1.5 ± 1.27 ¡0.24 (− 0.43 to ¡ 0.05) 1.8 ± 1.25 1.8 ± 1.29 0.08 (− 0.12 to 

0.28) 
6 weeks pp 1.5 ± 1.32 1.4 ± 1.37 − 0.05 (− 0.26 to 0.16) 1.5 ± 1.35 1.7 ± 1.38 0.28 (0.06 – 0.51) 

Gestational weight gain 
(kg) 

12 weeks 70.0 ± 12.72 70.0 ± 12.22 reference 70.0 ± 12.62 69.8 ± 13.56 – 
36 weeks 81.6 ± 12.77 81.7 ± 11.83 0.21 (− 0.71 to 1.12) 81.8 ± 12.44 81.6 ± 13.51 − 0.80 (− 1.73 to 

0.13) 
Health behaviour 

knowledge 
12 weeks 4.8 ± 0.43 4.8 ± 0.44 reference 4.6 ± 0.39 4.6 ± 0.42 – 
28 weeks 4.6 ± 0.35 4.7 ± 0.34 − 0.05 (− 0.16 to 0.05) 4.7 ± 0.32 4.7 ± 0.29 0.03 (− 0.02 to 

0.08) 
Pregnancy knowledge 12 weeks 4.1 ± 0.30 4.0 ± 0.51 reference 4.0 ± 0.39 4.0 ± 0.38 –  

36 weeks 4.4 ± 0.32 4.4 ± 0.33 − 0.11 (− 0.29 to 0.06) 4.4 ± 0.32 4.4 ± 0.31 0.04 (− 0.004 to 
0.09) 

Stress 12 weeks 1.1 ± 0.25 1.2 ± 0.38 reference 1.3 ± 0.21 1.3 ± 0.23 –  
36 weeks 1.3 ± 0.21 1.3 ± 0.17 0.01 (− 0.06 to 0.09) 1.3 ± 0.21 1.3 ± 0.20 0.01 (− 0.02 to 

0.04) 
Perceived stress 12 weeks 2.7 ± 2.38 2.5 ± 2.23 reference 3.1 ± 2.46 3.3 ± 2.48 –  

36 weeks 3.0 ± 2.02 3.1 ± 1.97 0.08 (− 0.25 to 0.40) 3.1 ± 1.99 3.2 ± 2.18 − 0.03 (− 0.36 to 
0.30) 

Coping 12 weeks 2.4 ± 0.70 2.6 ± 0.61 reference 2.5 ± 0.55 2.5 ± 0.52 –  
36 weeks 2.6 ± 0.58 2.6 ± 0.51 0.13 (− 0.15 to 0.41) 2.6 ± 0.57 2.6 ± 0.53 0.03 (− 0.05 to 

0.11) 
Support 12 weeks 3.0 ± 0.47 3.1 ± 0.43 reference 2.9 ± 0.47 2.9 ± 0.49 –  

36 weeks 3.1 ± 0.41 3.0 ± 0.41 0.04 (− 0.13 to 0.21) 3.1 ± 0.42 3.0 ± 0.41 − 0.03 (− 0.11 to 
0.04) 

Depression (Yes) 28 weeks 3.0 2.6 reference 2.6 4.2 –  
36 weeks 3.3 4.3 1.19 (0.57 – 2.50)• 4.5 5.3 1.20 (0.56 – 2.56)•

Healthcare use (Midwife) <36 weeks 9.0 ± 2.09 8.7 ± 1.92 0.04 (− 0.27 – 0.36) 8.9 ± 2.11 10.2 ± 1.90 1.29 (0.95 – 1.64) 
>36 weeks 3.4 ± 1.69 3.3 ± 1.50 − 0.06 (− 0.33 to 0.20) 3.4 ± 1.55 3.4 ± 1.93 0.07 (− 0.24 to 

0.38) 
Healthcare use 

(Gynecologist) 
<36 weeks 1.2 ± 2.08 1.2 ± 2.01 − 0.006 (− 0.34 to 0.33) 1.2 ± 2.01 1.2 ± 2.28 − 0.07 (− 0.45 to 

0.31) 
>36 weeks 1.3 ± 1.78 1.1 ± 1.67 − 0.19 (− 0.48 to 0.09) 1.3 ± 1.74 1.3 ± 2.93 0.09 (− 0.34 to 

0.52) 
Healthcare use (Total 

obstetric care) 
<36 weeks 16.2 ± 5.31 15.7 ± 5.19 − 0.006 (− 0.86 to 0.85) 16.3 ± 5.31 17.6 ± 4.79 1.32 (0.43 – 2.21) 
>36 weeks 7.2 ± 3.36 6.8 ± 3.93 − 0.46 (− 1.06 to 0.15) 7.2 ± 3.40 7.3 ± 4.71 0.05 (− 0.67 to 

0.78) 
Healthcare use (Other) 12 weeks 3.5 ± 4.71 3.5 ± 5.99 reference 3.6 ± 4.81 3.7 ± 4.74 – 

6 weeks pp 3.5 ± 4.47 3.5 ± 4.51 0.21 (− 0.49 to 0.90) 3.6 ± 4.32 3.7 ± 4.11 − 0.01 (− 0.73 to 
0.70) 

Participation and 
satisfaction 

36 weeks 3.9 ± 0.49 3.9 ± 0.55 0.04 (− 0.07 to 0.14) 4.0 ± 0.49 4.1 ± 0.56 0.21 (0.10 – 0.32) 

Satisfaction during 
pregnancy 

36 weeks 8.0 ± 0.90 8.0 ± 1.06 0.07 (− 0.13 to 0.27) 8.0 ± 0.87 8.3 ± 0.90 0.28 (0.10 – 0.47)  

Multiparous Control- 
Individual care 
N = 354 
%N or mean ± SD 

Individual care 
group 
N = 354 
%N or 
mean ± SD 

Individual care versus 
control-Individual care 
(ref)# 
β (95% CI) ors 
OR (95% CI) 

Control-CP 
N = 152 
%N or 
mean ± SD 

CP 
N = 152 
%N or 
mean ± SD 

CP versus control- 
CP (ref)# 
β (95% CI) or 
OR (95% CI) •

Smoking (Yes) 12 weeks 3.4 3.7 reference 2.6 2.0 – 
28 weeks 3.7 3.7 0.96 (0.41 – 2.27)• 2.6 2.0 n.a $. 
36 weeks 3.7 3.4 0.92 (0.39 – 2.16)• 2.6 2.0 1.13 (0.28 – 4.52)•
6 weeks pp 4.2 4.5 1.02 (0.45 – 2.31)• 2.6 2.6 1.13 (0.28 – 4.52)•

Alcohol use (Yes) Before 
pregnancy 

58.2 60.6 reference 55.3 57.2 – 

6 weeks pp 48.9 48.2 0.83 (0.55 – 1.24)• 51.3 36.8 0.42 (0.23 – 
0.78)•

Healthy eating and 
physical activity score 

12 weeks 2.3 ± 1.05 2.2 ± 1.00 reference 2.4 ± 1.01 2.3 ± 1.03 – 
28 weeks 1.8 ± 1.21 1.6 ± 1.25 − 0.13 (− 0.30 to 0.04) 1.9 ± 1.15 1.8 ± 1.26 0.11 (− 0.17 to 

0.38) 

(continued on next page) 
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breastfeeding initiation rate was related to these behaviours and we 
found that alcohol use and complying to healthy eating recommenda
tions at six weeks postpartum was related to breastfeeding uptake while 
physical activity was not. However, the increased physical activity rates 
in women in the CP-group were in line with the recommendation that 
postpartum exercise routine should gradually return to normal as soon 
as it is safe in order to promote healing and losing weight (Campos et al., 
2021). In our previous study, we found significant lower hypertension 
rates among CP women (Wagijo et al., 2022), which might also be 
related to improved health behaviours found in the current study. 
However, more research is required to investigate underlying 
associations. 

There was not a significant difference for smoking, unlike the study 
by Zielinski et al. (Zielinski et al., 2014). The total number of smokers 
was small in our study and, thus significant differences were difficult to 
find. However, we did observe lower smoking rates among CP women. A 
similar non-significant trend was seen in the study by Klerman et al. 
(2001) in which educational peer groups were integrated in antenatal 
care and compared with usual care. These findings suggest that CP has 
the potential to effectively encourage smoking cessation. 

The difference found for total prenatal health care use is explained by 
the higher number of attended midwife appointments. Rijnders et al., 
evaluated the implementation of CP in the Dutch healthcare system and 
also found a higher attendance rate for antenatal visits among women 
who participated in CP (Rijnders et al., 2019). It is also in line with 

results of several international studies (Klima et al., 2009, Trudnak et al., 
2013, Carter et al., 2016). 

Our findings regarding satisfaction with antenatal care are similar to 
those of previous studies (Kennedy et al., 2009, Klima et al., 2009). 
Scores for satisfaction with antenatal and postnatal care are high in the 
Netherlands,(Wiegers, 2009) but the implementation of CP still resulted 
in increased rates. 

Most of the women participating in this study were average to high 
educated women. Educational level is related to practicing healthy be
haviours (Cowell, 2006), which is why it would be insightful to inves
tigate whether the effect of CP on health behaviours will be stronger 
when women with low education participate in CP. 

5. Strengths and limitations 

This study is one of the few that focuses on health behaviour out
comes among CP women. Additional strengths of this study are the large 
study population and that with the study design, a stepped-wedge 
cluster randomized controlled trial, temporal differences that may 
affect outcomes are eliminated. 

We chose a clustered stepped wedge design because randomisation 
at individual level was not possible. Since the case load in midwifery 
practices is too small, and individual randomisation would lead to small 
group sizes. In addition, midwives wanted women to have a choice in 
the type of antenatal care they experienced. With the propensity score 

Table 3 (continued ) 

Nulliparous Control- 
Individual care 
N = 305 
%N or mean ± SD 

Individual care 
group 
N = 305 
%N or 
mean ± SD 

Individual care versus 
control-Individual care 
β (95% CI) or OR (95% CI)•

Control-CP 
N = 267 
%N or 
mean ± SD 

CP 
N = 267 
%N or 
mean ± SD 

CP versus control- 
CP 
β (95% CI) or OR 
(95% CI)•

6 weeks pp 1.6 ± 1.25 1.4 ± 1.26 − 0.10 (− 0.27 to 0.07) 1.7 ± 1.22 1.7 ± 1.23 − 0.01 (− 0.28 to 
0.26) 

Gestational weight gain 
(kg) 

12 weeks 70.7 ± 12.42 70.8 ± 12.51 reference 73.4 ± 13.64 73.3 ± 11.76 – 
36 weeks 81.9 ± 12.0 81.5 ± 12.84 0.33 (− 0.39 to 1.05) 85.0 ± 12.92 83.2 ± 12.29 − 0.38 (− 1.61 to 

0.86) 
Health behaviour 

knowledge 
12 weeks 4.8 ± 0.39 4.9 ± 0.31 reference 4.7 ± 0.37 4.7 ± 0.29 – 
28 weeks 4.6 ± 0.33 4.6 ± 0.32 0.01 (− 0.05 to 0.07) 4.7 ± 0.34 4.7 ± 0.32 − 0.02 (− 0.09 to 

0.05) 
Pregnancy knowledge 12 weeks 4.6 ± 0.50 4.5 ± 0.57 reference 4.5 ± 0.29 4.5 ± 0.30 – 

36 weeks 4.5 ± 0.31 4.5 ± 0.32 0.009 (− 0.12 to 0.13) 4.5 ± 0.30 4.5 ± 0.30 0.05 (− 0.008 to 
0.10) 

Stress 12 weeks 1.0 ± 0.15 1.0 ± 0.00 reference 1.2 ± 0.19 1.2 ± 0.16 –  
36 weeks 1.3 ± 0.17 1.26 ± 0.15 0.04 (− 0.001 to 0.07) 1.3 ± 0.18 1.3 ± 0.16 0.02 (− 0.01 to 

0.04) 
Perceived stress 12 weeks 2.5 ± 2.30 2.4 ± 2.17 reference 2.7 ± 2.59 2.6 ± 2.21 –  

36 weeks 3.4 ± 2.15 3.4 ± 2.01 0.11 (− 0.18 to 0.40) 3.5 ± 2.26 3.7 ± 2.22 0.36 (− 0.11 to 
0.83) 

Coping 12 weeks 2.2 ± 0.77 2.4 ± 0.67 reference 2.4 ± 0.64 2.4 ± 0.63 –  
36 weeks 2.5 ± 0.58 2.6 ± 0.51 − 0.03 (− 0.23 to 0.16) 2.5 ± 0.61 2.6 ± 0.51 0.09 (− 0.03 to 

0.20) 
Support 12 weeks 3.1 ± 0.41 3.0 ± 0.39 reference 2.9 ± 0.44 2.9 ± 0.47 –  

36 weeks 3.0 ± 0.43 3.0 ± 0.39 0.02 (− 0.11 to 0.16) 2.9 ± 0.41 2.9 ± 0.40 0.04 (− 0.06 to 
0.13) 

Depression (Yes) 28 weeks 4.2 1.7 reference 5.9 3.3 – 
36 weeks 2.8 1.4 0.90 (0.42 – 1.93)• 5.3 2.0 0.80 (0.26 – 2.44)•

Healthcare use (Midwife) <36 weeks 8.6 ± 1.93 8.6 ± 1.87 0.12 (− 0.15 to 0.38) 8.8 ± 2.03 9.9 ± 2.37 1.22 (0.72 – 1.73) 
>36 weeks 3.2 ± 1.47 3.2 ± 1.53 0.01 (− 0.21 to 0.24) 3.2 ± 1.42 3.4 ± 2.11 0.14 (− 0.29 to 

0.57) 
Healthcare use 

(Gynecologist) 
<36 weeks 1.11 ± 1.92 1.2 ± 2.34 0.12 (− 0.21 to 0.44) 1.1 ± 1.78 1.6 ± 2.99 0.41 (− 0.18–1.00) 
>36 weeks 1.0 ± 1.49 1.1 ± 1.37 0.05 (− 0.17 to 0.26) 1.1 ± 1.32 1.5 ± 3.24 0.55 (− 0.05 to 

1.15) 
Healthcare use (Total 

obstetric care) 
<36 weeks 14.6 ± 4.43 15.1 ± 5.96 0.76 (− 0.01 to 1.54) 14.9 ± 4.24 17.6 ± 6.59 2.83 (1.50 – 4.15) 
>36 weeks 6.1 ± 3.24 6.5 ± 4.66 0.38 (− 0.22 to 0.98) 6.2 ± 2.79 7.2 ± 5.69 1.01 (− 0.08 to 

2.10) 
Healthcare use (Other) 12 weeks 2.6 ± 4.38 2.6 ± 4.21 reference 2.7 ± 4.68 2.8 ± 3.60 – 

6 weeks pp 4.0 ± 4.94 4.1 ± 4.60 0.08 (− 0.57 to 0.74) 4.4 ± 5.38 4.5 ± 4.81 0.22 (− 0.93 – 1.36) 
Participation and 

satisfaction 
36 weeks 4.1 ± 0.52 4.0 ± 0.52 − 0.03 (− 0.13 to 0.07) 4.0 ± 0.54 4.2 ± 0.48 0.17 (0.02 – 0.32) 

Satisfaction pregnancy 36 weeks 8.3 ± 0.84 8.2 ± 0.92 − 0.06 (− 0.23 to 0.10) 8.2 ± 0.81 8.5 ± 0.76 0.27 (0.05 – 0.50) 

• Odds Ratio’s $ There was no change between baseline and 28 weeks of gestation. 
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matching and intention-to-treat analysis the effect of differences in 
sociodemographic characteristics between the different groups were 
minimalized and bias due to missing data was reduced by using multiple 
imputation. 

Response bias could have occurred because of the likelihood of 
desirable answers. However, this is also applicable for women who 
received IC. The questionnaires were anonymous and to reduce recall 
bias, questions referred to a rather recent and limited period in women’s 
past (i.e. one week ago). All these mentioned risks of bias are inherent to 
the use of questionnaires. 

Measurement began shortly after the healthcare providers received 
their training and implementation of CP in the practices. The effect of CP 
might be stronger when care providers have more experience with this 
model of care. Furthermore, the healthcare providers who received 
training also provided IC in their practice. Based on comments from CP 
trained care providers, we assumed that the CP training also influenced 
the way they provide care, thereby potentially limiting the effect of CP. 

The questions regarding healthy eating and physical activity were 
limited and physical activity, eating fruit and vegetables could be 
interpreted in different ways by the women. Future studies could gain 
more precise insight into the nutritious behaviour and physical activity 
of the women, and the relation with the information received during the 
CP sessions. 

6. Conclusion 

This study revealed that women participating in CP have an 
increased healthy eating and physical activity score, consume less 
alcohol after pregnancy compared to women who choose individual 
care, and a trend was seen in lower smoking rates among CP women. CP 
participants also were more satisfied with antenatal care, made more use 
of antenatal care, and had increased knowledge of pregnancy. 
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