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1
Perinatal health inequalities

Perinatal health is a topic of growing international interest. As of 2004, two subsequent 
reports concluded that substantial diff erences in perinatal health exist within European 
countries.1 2 With regards to the Netherlands, these reports demonstrated that perinatal 
mortality rates in the Netherlands were higher than in the surrounding European coun-
tries, and showed a slower rate of decline.1 On top of this, further investigation revealed 
inequalities in adverse perinatal outcomes within the Netherlands. ‘Inequality’ was 
defi ned as a relevant diff erence in outcome according to a grouping criterion which is 
ethically judged to be undesirable unless this diff erence is biologically determined and 
unavoidable. The so-called PROGRESS criteria are the internationally accepted criteria 
set to use (Place of residence, Race/ethnicity/culture, Occupation, Gender/, Religion, 
Education, Socioeconomic status, and Social capital).4 5 

Adverse perinatal outcome rates appeared to be much higher in the four largest cities 
(Amsterdam, Rotterdam, Den Haag, and Utrecht – the so-called G4-cities).6 7 Additionally, 
inequalities were observed at neighborhood level within these G4-cities.Women with 
higher risk loads especially found in deprived districts and are often associated with 
socio-economic and ethnicity related risk factors such as low education, low-income 
and poor integration into society. Socio-economic status and neighbourhood depriva-
tion are most consistently related to these adverse outcomes.8 9

In order to gain more insight in the causes of the situation in the Netherlands and to 
prioritize research at a national level, the Signalement study was performed in which the 
concept of ‘Big 4 morbidities’ was introduced.10 This study was based on a detailed analy-
sis of a complete perinatal registry available from the Dutch Perinatal Registry (PRN).11 12 
The analysis provided the insight that 85% of the mortality cases were preceded by four 
types of perinatal morbidity, called the Big 4 conditions. These Big 4 conditions include: 
small for gestational age (birth weight < 10th percentile for gestational age), preterm 
birth (< 37th week of gestation), congenital anomalies (list defi ned), and low Apgar score 
(<7 after 5 minutes).10 13  At least three of these conditions (Apgar score excluded) were 
subject to risk factors.

Evidence from large cohort studies and the Dutch perinatal registry demonstrated that 
eff ects of non-medical risk factors on perinatal outcomes were as important as medical 
or obstetrical risk factors. These non-medical risk factors include lifestyle and social 
risk factors such as working conditions, educational level, and household income.14-17 
The  contribution of these factors to  pregnancy outcome inequalities was due to the 
prevalence of inequalities, variation in the relative risk of the risk factor itself (with more 
risk in for example disadvantaged women), or both.18 19 An additional mechanism is that 
if risk factors are present in certain combinations, there is a cumulative eff ect of risk 
factors. The risks can be larger than the single risks of risk factors added together. This 
phenomenon, called risk accumulation, may enhance already existing inequalities.16 17  
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Previous studies indeed showed that non-medical risk factors and risk accumulation 
were particularly observed amongst women living in deprived areas (characterized by 
overrepresentation of low socio-economic status, single parenthood, and immigrant 
status.8 9 20 

Antenatal risk assessment: medical and non-medical risk factors 

Non-medical risk factors such as socio-economic status and lifestyle never received 
much attention in antenatal care.21 Current antenatal risk assessment is based on the 
national guideline for indications for referral to a gynaecologist (in Dutch this is called 
‘de VIL’). In this guideline, indications for referral  encompass medical and obstetrical risk 
factors only.21 Risk assessment not only lacked to address non-medical risk factors, it also 
missed a comprehensive tool for standardized risk assessment. In response to the need, 
a new risk assessment instrument which also incorporated the concept of risk accumula-
tion was developed in the Ready for a Baby program.22 This instrument, the so-called 
Rotterdam Reproductive Risk Reduction score card (R4U scorecard), connects medical 
and non-medical risk factors in a non-invasive, standardized scorecard that can be used 
for routine use in antenatal healthcare. Risk factors were included in the R4U score card if 
they had an evidence based relation with one or more of the Big 4 conditions. The result 
(‘score’) can directly be linked to early clinical management protocols or care pathways. 
In addition, a risk score above a predefi ned cut-off  point can be used to assess pregnant 
women multidisciplinary. 

Current position of the Netherlands 

Results from the Peristat III report suggested improvement of the Dutch perinatal rank.23 
Both fetal (>28 weeks of gestation) and neonatal (>24 weeks after birth) mortality rates 
declined between 2004 and 2010 in the Netherlands. The professional organisations 
of midwives and obstetricians concluded that the perinatal outcome improved in the 
Netherlands and that future reports should confi rm whether improvement was tempo-
rarily or structural.24

In our view, this judgement was too optimistic.25 Firstly, the defi nitions used by the 
Peristat group (and corresponding publications) were not in correspondence to the 
defi nition of perinatal mortality set by the World Health Organisation (WHO). The WHO 
defi nes perinatal mortality as mortality as of 22 weeks of gestation instead of 24 or 28 
weeks of gestation, which was used by Peristat.26 This might have led to an underestima-
tion of the fi gures presented. Secondly, not every European country was able to present 
birth weights in combination with gestational age to Peristat. This made it impossible to 
distinguish between prematurity and dysmaturity, both important but fundamentally 
diff erent risk factors for perinatal mortality.27 Thirdly, numbers were not standardized for 
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population characteristics such as age or parity and countries diff ered in organisational 
aspects and quality of antenatal healthcare. 

To create a more valid comparison, we compared the Netherlands with surrounding 
countries that are comparable in terms of precision, quality of antenatal healthcare, and 
population characteristics. When we carefully compared Dutch perinatal statistics to 
similar data from Belgium (Flanders in particular), Scandinavian countries, and Germany, 
the assumed improvement was less clear.25 We created a bar graph (fi gure 1.1) that 
depicts mortality rates (in promille) assessed over pregnancies as of 22 weeks of gesta-
tion (the defi nition of the World Health organization). We distinguished fetal mortality 
(defi ned as mortality as of 22 weeks of gestation per 1000 births) and early neonatal 
mortality (defi ned as mortality until 7 days postpartum per 1000 births), and if combined 
better known as perinatal mortality as defi ned by the World Health Organisation (fi gure 
1.1). This graph shows that, despite the glimmer of hope the Peristat II initially brought, 
we still have the highest absolute perinatal mortality rates compared to surrounding 
countries.

Figure 1.1 Fetal and neonatal mortality rates in the Netherlands compared to surrounding countries in 
2004 and 2010.
Rates for perinatal and neonatal mortality originate from the Peristat II (2004) and III (2010) reports respec-
tively, but an exception was made for Belgium. These rates originate from the Study centre for Perinatal 
Epidemiology (SPE)3 and represent Flanders only. With the addition of rates from Wallonia and Brussels in 
the 2010 report, these numbers were otherwise incomparable.
NLD = Netherlands, DNK = Denmark, BEL = Belgium (Flanders), GER = Germany, NOR = Norway, FIN = 
Finland 
Adapted from Vos et al, 201425
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Initiatives to improve perinatal health 

The perinatal mortality rate started a policy process on national level which resulted 
in broad new measures to improve perinatal health outcome: (a) the institution of a 
national Advisory Committee (Steering Group) in 2008 that organized expert panels 
to propose  recommendations for improvement of perinatal health outcome, and (b) 
priority setting for perinatal research by the Netherlands Organisation for Health Re-
search and Development (ZonMw).28 This resulted in the initiation of local and regional 
programs, and the aforementioned Signalement study.10 

The ministry of Health, Welfare and Sports provided in total 9 million euro for the entire 
period to eff ectuate the several proposed measures to intervene in perinatal healthcare. 
A board, the college of Perinatal Health (CPZ), was formed in 2011 to superintend the 
eff ectuation of the measures of the Advisory Committee with the perinatal healthcare 
fi eld.

In Rotterdam the Ready for a Baby program was initiated in 2009 by the Rotterdam 
municipal council and the Department of Obstetrics & Gynaecology of the Erasmus 
University Medical Centre.22 Developed instruments and gained experiences from this 
public health program resulted in the national Healthy Pregnancy 4 All study. This study 
was launched in 2011 by the Erasmus University Medical Centre in 14 municipalities in 
the Netherlands with support of the Ministry of Health, Welfare and Sports. It focused on 
preconception care and broadened risk selection during pregnancy. In the risk assess-
ment sub-study, on which this thesis was based, we investigated the implementation of 
the R4U scorecard, corresponding care pathways, and multidisciplinary consultations in 
antenatal healthcare. 

AIM OF THIS THESIS

The aim of this thesis can be summarized as follows:
− To evaluate the policy process that led to the Healthy Pregnancy 4 All study;
− To assess the infl uence and assessment of non-medical risk factors on perinatal 

outcomes;
− To study if and how neighbourhood deprivation was related to perinatal outcomes 

beyond the ‘G4-cities’. 

These aims are translated into the following research questions: 
1. Why and how did the perinatal mortality problem make its way into the national 

political agenda? (chapter 2)
2. To what extent is it possible to implement a new method of antenatal risk assess-

ment? (chapters 3, 4, and 5)



General introduction 15

1
3. How are non-medical risk factors currently assessed during routine antenatal health-

care? (chapters 6 and 7)
4. What is the contribution of non-medical risk factors to perinatal outcomes and how 

is this related to risk accumulation? (chapter 8)
5. What is the contribution of neighbourhood deprivation to perinatal outcomes and 

are there any diff erences between municipalities?  (chapters 9 and 10)

OUTLINE OF THIS THESIS 

This thesis consists of three parts, of which each draws evidence from diff erent sources. 
Part I addresses on initiatives to improve perinatal health, and consists of the chapters 
two through fi ve. Chapter two describes a policy analysis in which we evaluated why 
and how the perinatal mortality problem made its way to the political agenda and 
which policies were formulated. Chapter three presents an overview of the Healthy 
Pregnancy 4 All study and the selection of geographical areas for the study. The design 
and outline of the corresponding risk assessment sub-study are described in chapter 
four. In chapter fi ve the implementation of the risk assessment sub-study within the 
Healthy Pregnancy 4 All study is evaluated. Part II focusses on non-medical risk factors 
in pregnancy, and consists of the chapters six through eight. Chapter six reviews the 
literature on published risk screening instruments and provides the development of the 
Rotterdam Reproductive Risk Reduction (R4U) scorecard with its methodological and 
clinical considerations, and service response towards detected risk factors.  In chapter 
seven the assessment, current antenatal policy, and referral possibilities for non-medical 
risk factors are described. Chapter eight presents the study of the prevalence of non-
medical risk factors according to and the relation with socio-economic status, ethnicity 
and geographical areas, and their contribution to adverse perinatal outcomes and risk 
accumulation. Part III is based neighbourhood deprivation and perinatal outcomes, 
and consists of the chapters nine and ten. A study regarding the association between 
neighbourhood deprivation and adverse perinatal outcome is presented in chapter 
nine. Chapter ten presents a study which aims to identify perinatal health inequali-
ties on neighbourhood level and the contribution of socio-demographic risk factors to 
pregnancy outcomes on municipal level. 

To resume this thesis, chapter eleven elaborates on main fi ndings, methodological 
considerations and implications for the clinical fi eld and policy making.
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ABSTRACT

Relatively high perinatal mortality and morbidity rates* in the Netherlands resulted in a 
process which induced policy changes regarding the Dutch perinatal healthcare system. 
Aims of this policy analysis are (1) to identify actors, context and process factors that 
promoted or impeded agenda setting and formulation of policy regarding perinatal 
health care reform and (2) to present an overview of the renewed perinatal health policy.

The policy triangle framework for policy analysis by Walt and Gilson was applied.** 
Contents of policy, actors, context factors and process factors  were identifi ed by tri-
angulation of data from three sources: a document analysis, stakeholder analysis and 
semi-structured interviews with key stakeholders. 

Analysis enabled us to chronologically reconstruct the policy process in response to 
the perinatal mortality rates. The quantifi cation of the perinatal mortality problem, the 
openness of the debate and the nature of the topic were important process factors. 
Main theme of policy was that change was required in the entire spectrum of perinatal 
healthcare. This ranged from care in the preconception phase through to the puerpe-
rium. Furthermore emphasis was placed on the importance of preventive measures and 
socio-environmental determinants of health. This required involvement of the preven-
tive setting, including municipalities. The Dutch tiered perinatal healthcare system 
and divergent views amongst curative perinatal health care providers were important 
context factors. This study provides lessons which are applicable to health care profes-
sionals and policy makers in perinatal care or other multidisciplinary fi elds.

* Zeitlin, J., et al., PERISTAT: indicators for monitoring and evaluating perinatal health in Europe. 
 Eur J Public Health, 2003. 13(3 Suppl): p. 29-37.
** Walt, G. and Gilson,  L., Reforming the health sector in developing countries: the central role of policy 

analysis. Health Policy Plan, 1994. 9(4): p. 353-70. 



Policy analysis towards improvement of perinatal mortality 23

2

INTRODUCTION 

The health issue 

Several studies have revealed that the Netherlands has relatively unfavorable perinatal 
mortality rates.1-3 In 2004, the PERISTAT I study showed that the Netherlands was one of 
the European countries with the highest perinatal mortality rates (10.5 mortality cases 
per 1000 births as of 22 weeks of gestation).3 The Dutch position slightly improved in 
2008 (10 mortality cases per 1000 births), but rates remained relatively high compared 
to other European countries.3 In response, numerous studies were conducted to identify 
causes and determinants of perinatal mortality. It became clear that there were large 
perinatal health inequalities within the country, which were associated with low socio-
economic status.4-8 

Whilst it is widely acknowledged that poor socioeconomic circumstances aff ect 
health throughout life, it was only during the last decade that this concept was trans-
lated into actual policy regarding perinatal healthcare in the Netherlands. The numbers 
also brought on that the unique organization of perinatal care in the Netherlands was 
questioned openly for the fi rst time. 

The concern of relatively high perinatal mortality and morbidity rates triggered a 
policy process which resulted in intervention in the organization of perinatal health care.

The health policy environment 

The policy process took place within a uniquely organized fi eld: the Dutch perinatal 
health system. Figure 2.1 depicts the fi eld that is involved in either formulating or imple-
menting perinatal health policies.

The perinatal healthcare fi eld 
The curative care echelon: Curative care in the perinatal healthcare fi eld is comprised 
of preconception care, antenatal care, labor care and postpartum care. This care is 
delivered by primary caregivers (midwives in the community), secondary caregivers 
(gynecologists in secondary hospitals) and tertiary caregivers (gynecologists in uni-
versity hospitals). Inherent to the Dutch system, gynecologists are also obstetricians. 
Professionals within these three tiers function autonomously in accordance to their 
own guidelines. Co-operation between the professionals of the tiers is close because of 
delineation by the so-called ‘List of obstetric indications’, or LOI. This consensus based 
list provides indications to allocate women to care according to either a ‘low risk’ for 
pathology or a ‘high risk’ for pathology. When allocated to the low-risk category, women 
receive care exclusively from a community midwife and can opt for a home birth or 
out-patient hospital birth. High risk women are attended to by gynecologists or clinical 
midwives in the second or third tier, they do not have the option of a home-delivery. 
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The organization model of perinatal care of the Netherlands diff ers from other coun-
tries because of the strong and independent position of midwifery.9 10 Firstly midwives 
have power because in the Dutch system they attend to the largest proportion of preg-
nant women. The fact that women typically start antenatal care with a midwife is driven 
by the Dutch culture in which childbirth is seen as a natural process. Furthermore, the 
‘LOI’ defi nes indicated care in secondary and tertiary settings. The latter is only reim-
bursed after referral by primary care. 

Secondly, the government provides favorable licensing laws, insurance regulations 
and government support for midwifery education.9 Lastly, the profession organization 
of midwives safeguards autonomous roles of midwives.9 10 The autonomy and the large 
role of midwives is seen as one of the reasons that the Netherlands is a country with 
relatively non-medicalized birth, with low rates of obstetric interventions (e.g. caesarean 
section) and high rates of home-births. 

The public healthcare echelon: General public healthcare – also referred to as the pre-
ventive health care setting - is organized at a municipal level except for a few elements 
of preventive perinatal care, which are organized nationally (the screening of infectious 
diseases and erythrocyte immunization, fi rst trimester screening for chromosomal ab-
normalities and ultrasound detection of fetal anomalies). At a municipal level, the public 
health departments are responsible for the organization of disease prevention, health 
promotion, and health protection. Involvement of the municipal public healthcare set-
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Figure 2.1 The health policy environment.
Adapted from Schafer et al. 201026 
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ting in perinatal healthcare was often restricted to promotion of lifestyle in pregnancy 
and information about breastfeeding. 

Support, research and development 
The curative perinatal healthcare fi eld has an extensive infrastructure for research and 
development. Besides the scientifi c expertise from universities, there are several private 
and government led institutes that independently advise the sector. Professionals in 
the curative perinatal healthcare fi eld are represented by professional organizations. 
Midwives have their own professional organization, The Royal Dutch Association of 
Midwives, which aims to strengthen the independent position of midwives by promot-
ing the quality and access to midwifery-led care. Gynecologists are represented in three 
professional organizations, namely the Royal Dutch Medical Association, Association of 
Medical Specialists, and the Dutch Society of Obstetrics and Gynecology. The latter is 
responsible for developing guidelines.

Funding of the system 
The curative health system is funded by national health-insurance. Basic health insur-
ance covers all essential curative care. Its content is regulated by the Health Insurance 
Act. Additional to basic health insurance, insurance companies provide supplementary 
packages. 

Political system and development of health policy 
In the Netherlands, health policy is made at national, provincial and municipal level. 

Since 2006 the national government’s role in health care policy has changed. Instead 
of being responsible for direct control of volumes, prices, and productive capacity, the 
national government fulfi lls a regulatory and supervisory role. Most of the tasks are 
delegated to independent bodies.

Public health care policy is defi ned by the Health Ministry, Welfare and Sports (from 
now on called the Health Ministry) with a national memorandum on public health. 
This memorandum is written every 4 years by the department of public health – a 
sub-department of the Health Ministry. Diff erent institutes provide local statistics to 
identify health and environmental issues which need to be addressed with policy in 
the memorandum. To shape national policy to meet local needs of municipalities, each 
municipality writes an additional memorandum. This enables municipalities to deviate 
from the national memorandum whenever local environmental statistics point out ad-
ditional needs. 
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Changes in perinatal healthcare policy

Before 2004, eff ectuation of perinatal health policy largely depended on the curative 
system and its own research and development fi eld. Collaboration between policy 
makers of the departments of curative and public health of the Health Ministry was 
uncommon. Retrospectively, the perinatal mortality debate has led to policy reform, to 
many initiatives and to mind switches (e.g. to address socio-economic determinants) in 
the fi eld. These changes are in stark contrast to the culture prior to the debate, when the 
way perinatal health care was organized was undisputed.

By benchmarking perinatal mortality and morbidity rates, EURO-PERISTAT has exposed 
that several European countries have relatively unfavourable perinatal health statistics. 
Ideally, this benchmarking would result in policy changes to improve perinatal health 
in these countries. The EURO-PERISTAT group has even formulated the goal to monitor 
policy initiatives over time.3 Comparison of policies in response to high perinatal mor-
tality and morbidity rates is informative for countries facing the challenge to improve 
perinatal health at a population level. This paper provides a retrospective analysis on 
the policy process that was brought about by publication of perinatal mortality rates by 
EURO-PERISTAT. To our knowledge this is the fi rst policy analysis in the literature aiming 
to summarize the policy measures that have been taken after the perinatal mortality 
debate took fl ight after the EURO-PERISTAT reports. 

With our policy analysis we return to the beginning of the perinatal mortality debate in 
2004 and we focus on the policy process and the proposed measures to reduce perinatal 
mortality and inequality. The aim of this policy analysis was twofold. First, we evaluate 
‘why’ and ‘how’ the perinatal mortality problem made its way onto the political agenda. 
Secondly, we present an overview of the overall contents of the renewed perinatal 
health policy. In the discussion, we elaborate about lessons which can be drawn from 
this policy process. 

METHODS 

In this evaluation we applied the Policy Triangle framework for policy analysis by Walt 
and Gilson (see Supplementary Figure 2.1).11 12 The variables of this policy triangle (actors, 
content, context and process) formed the basis for our data collection and organization. 
Data collection was conducted retrospectively (AV, SVV). The timeframe of the analysis 
is from 2004 to 2011. 
• Document analysis: An electronic search was performed in the database of the Dutch 

government to identify documents about perinatal mortality.13 The search was per-
formed for the period of January 2004 to January 2012. Keywords were: Pregnancy, 
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Perinatal Health and Preconception care. Documents that reported high perinatal 
mortality rates or about interventions to reduce perinatal mortality were eligible 
for the document analysis. Two authors (initials removed) assessed eligibility of 
identifi ed documents. They performed citation tracking; meaning they collected the 
grey literature (e.g. newspaper articles or scientifi c publications) cited by important 
documents. The document analysis provided potential actors and key content of the 
policy triangle.

• Stakeholder analysis: We defi ned stakeholders as those individuals or organizations 
with an interest in an issue or policy, those who might be aff ected by a policy and 
those who may play a role in making the policy.14 A list of stakeholders, their positions 
and interests with respect to perinatal mortality mas made, based on recollection of 
the authoring team and the document analysis. Key informants were selected by 
consensus of the authoring team.

• Interviews: The key informants identifi ed in the stakeholder analysis were inter-
viewed in order to investigate the policy process. Additional interview candidates 
were identifi ed during the process. The candidates varied from scientists in the cura-
tive sector to representatives of the professional organizations to delegates of the 
national Health Ministry and the Dutch House of Representatives. Interviews were 
performed according to a semi-structured topic list consisting fi xed format and open 
questions. The interview item list consisted of the following domains: (1) inquiry 
regarding position and interests to verify the stakeholder analysis, (2) agenda setting 
and (3) intervention selection. Across these domains questions were formulated to 
identify elements of the policy triangle (actors, content, context and process fac-
tors). The interviews were transcribed verbatim. Fragments of the interviews were 
coded into elements of the policy triangle (actors, context, content or process) by 
two authors (initials removed). Interview candidates provided consent for the use of 
citations. 

Elements of the policy triangle (fragments or summaries of interviews or documents) 
were extracted and classifi ed as ‘actor’ (individuals or organizations that aff ect policy), 
‘content’ (substance of a particular policy which details its constituent parts), ‘context’ 
(political, economic, social or cultural factors which may have an eff ect on health 
policy) or ‘process’ (the way in which policies are initiated, developed or formulated, 
negotiated, communicated, implemented and evaluated). These items were organized 
chronologically in a data spreadsheet. This coding approach was piloted after which the 
two data extractors (AV, SVV) had consensus on the approach. This allowed us to make 
a chronological reconstruction of the policy process structured by the elements of the 
policy process. 
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RESULTS

The search of our document analysis identifi ed 437 relevant hits of which 64 hits were 
included in the document analysis (379 hits were excluded after retrieval of the docu-
ment in case of duplicates or because the topic was not related to perinatal mortality). 

The results of the stakeholder analysis are provided in Supplementary Table 2.1. All 
(delegate(s)) of the identifi ed organizations in were approached. All approached indi-
viduals agreed to participate in the interviews. In total 12 interview candidates were 
interviewed in 9 sessions varying from 30 – 90 minutes. 

The identifi ed content of governmental policy was organized in a chronologic time 
line (Figure 2.2). This formed the basis for the chronologic headings according to which 
we described the policy process in this section. Actors, content, context and process 
factors of this chronologic reconstruction were summarized graphically in the policy 
triangle in Figure 2.3.

2004 · Peristat I report

2005 · The government instructs to re-examine the position of the Netherlands’ perinatal mortality rates 
· Pilot study on a perinatal audit system to review perinatal mortality cases

2006 · One of the opposition parties proposes a set of measures to reduce perinatal mortality rates

2007
· Preparation of a new set of measures

2008 · Peristat II report

· Announcement of renewed antenatal policy

· Institution Advisory Committee Pregnancy and Birth 

2009

· Institution of the National Perinatal Audit (PAN)

2010
· Steering Group advice (report)

2011 · Institution College of Perinatal Health (CPZ)

· Start national program: Healthy Pregnancy 4 All  

Core teams report Steering Group: 

· Need for organizational improvement

 · Improvement of quality of care 

 · Improvement of risk assessment

 · More attention to health education and 

lifestyle (especially in deprived areas)

Outlines renewed antenatal policy:

-Preconception care

-Institution of Steering Group

-Antenatal health care

-Postnatal care

-Recognition that external factors influence 

perinatal mortality 

Measures to prevent perinatal mortality:

 · Systematic monitoring of perinatal health 

outcomes

 · Introduction of a perinatal audit 

 · Broader screening in pregnancy

 · Protocolled maternity care

 · Addition of diseases to the Guthrei test

 · Studies to investigate trends in perinatal 

mortality and underlying causes 

· Announcement of policy plan to reduce differences in health outcomes by addressing 

  socio-economic disparities

Figure 2.2 Time line: governmental measures to improve perinatal outcomes in the Netherlands in 2004-
2011.
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First political measures: 2004 – 2008 

Up until 2008, perinatal health care was a low priority fi le to the department of curative 
care (within the Health Ministry). The fi le was dormant as there were no large issues 
within the perinatal health fi eld until the perinatal mortality rates became apparent. Ac-
cording to the interviewed candidates, policy makers were surprised with the perinatal 
mortality statistics. They perceived that the Netherlands had one of the best perinatal 
health care systems of Europe. All interviewees confi rmed that the results of the fi rst 
PERISTAT report received little attention from politicians, the professional organizations 
and health care providers. Interview candidates explained that at fi rst the perinatal mor-
tality statistics were not perceived as a problem because the credibility of the data was 
debated. The general opinion of the fi eld was that the unfavorable perinatal mortality 
rates of the Netherlands in comparison to other countries were due to underreporting 
of perinatal mortality and morbidity rates in other countries. Furthermore, explanations 
were sought in specifi c characteristics of the Dutch population (e.g. the relatively older 
age of future mothers).15 In 2005 the Minister of Health asked the National Institute for 
Public Health and Environment to verify the outcomes of the fi rst PERISTAT report.13 
They concluded that the increased perinatal mortality was at least partly explained 
by factors that can be improved by more eff ective prevention (i.e. preconception care, 
smoking cessation). The Health Ministry remained expectative. This led to parliamentary 
questions. One member of the House of Representatives was particularly dedicated to 
midwifery-led perinatal care. Perinatal health issues were often directly associated to 
this member. In the absence of measures from the Health Ministry, the political party 
of this representative proposed a set of measures to improve perinatal mortality rates 
in the Netherlands in 2006.13 In response the Health Ministry introduced an initial set of 
measures to lower perinatal mortality rates and to improve perinatal health (see Figure 
2.2) for the contents of the measures).13 These measures were largely similar to the 
measures proposed by the political party of the aforementioned representative. In the 
meantime this party had become a governing party rather than an opposing party. This 
provided them with more power. The fi rst preventive measures which were introduced 
up to 2007 included: 1. systematic monitoring of perinatal health outcomes by a na-
tional perinatal database; 2. introduction of a perinatal audit; 3. increased  screening in 
pregnancy; 4. protocolled maternity care; 5. adding diseases to the neonatal screening 
program (Guthrie test) and 6. commissioning the Netherlands organization for Health 
Research and Development to set up a research program to investigate trends in perina-
tal mortality and underlying causes. This came to be the Perinatal Audit. They started to 
audit term perinatal mortality cases as of January of 2010.
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Figure 2.3 Policy process.
The policy triangle was used to summarize the policy process according to the policy triangle.
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Renewed perinatal healthcare policy (2008 – 2010)

The PERISTAT II report was a turning point in perinatal health care policy.1 The Neth-
erlands was confronted with its disadvantaged position in Perinatal Health compared 
to other European countries for a second time. As a consequence, the Dutch PERISTAT 
project group and both professional organizations consciously decided to inform the 
media to achieve political agenda setting. The media eagerly joined the debate. All re-
spondents provided that this was due to the nature of the topic. One respondent stated: 
“The media invented the term ‘baby mortality’ instead of ‘perinatal mortality’, since that 
is a term that the public is not familiar with. The problem with baby mortality is that is 
has connotations of healthy babies dying, instead of premature or intra-uterine death.” 
Furthermore, perinatal health is an accessible topic: “almost everybody has an opinion 
about the topic: birth. Everybody knows somebody who has had a baby, even if they 
haven’t had one themselves. Everybody can condemn a ‘baby death rate.” Although the 
media attention appeared to be a useful tool in the beginning, it was felt that the atten-
tion became incontrollable and the nuances in the perinatal mortality debate were lost: 
“the debate took on a life of its own, and then of course you cannot get the genie back 
into the bottle.” The debate diverted to looking at causes for perinatal mortality within 
the care system – as the way perinatal care is organized in the Netherlands is the most 
obvious diff erence with other European countries.

An intense debate between the professional organizations and the step to agenda setting 
Whilst professional organizations were paralyzed by disagreement when they were fi rst 
confronted with the perinatal mortality statistics in 2008, they were forced to agree to 
work together to reduce perinatal mortality. Interviews confi rmed that from this time 
on both professionals organizations gave the perinatal mortality issue a high priority. 
However, collaboration between the two was complicated because of the historical in-
congruous visions of how perinatal health care should be organized optimally. Proposed 
solutions concentrated on the integration of antenatal care.13 

The risk approach of gynecologists is not always accepted by midwives. Midwives be-
lieve the proactive approach of gynecologists to risk in childbirth leads to unnecessary 
obstetric interventions. This medicalization of pregnancy is in direct contradiction with 
the philosophy that birth is a natural process and with client centeredness. According to 
midwives “A pregnant woman is not a patient to a midwife, for the midwife the pregnant 
woman is a client: a woman that happens to be pregnant rather than a pregnant patient 
that happens to be a woman.” Aspects regarding risk assessment are a classic dispute 
between midwives and gynecologists in the Netherlands. According to gynecologists, 
risk assessment was failing and the dichotomous categorization into high and low risk 
was failing.  “In practice the diff erence between high-and low-risk patient is diffi  cult to 
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preempt: in the end somebody in the low-risk compartment can have complications 
and it occurs that somebody in the high-risk category does not have complications.” 

Altering the approach to risk assessment touches concepts of ‘professional autonomy 
of midwives’ and medicalization (“an increase of ‘risk thinking’ legitimates more medical-
ization”) and client centeredness. 

Another factor that contributed to incongruous visions was the diff erent perspectives 
on issues of the professional organizations due to their diff erent goals. The profes-
sional organization of gynecologists is primarily tasked with providing evidence based 
guidelines while the safeguarding of the professions interests is delegated to a diff erent 
organization. In contrast, the professional organization of midwives has both of these 
roles. They were originally founded to safeguard the position of the midwifery profes-
sion. Later they also became responsible for the development of guidelines. Interviews 
confi rmed that this provided an unequal position in the discussion, as this resulted in 
the questioning of their objectivity in the debate.

Another factor in the policy process was the high public profi le of the debate. Both 
professional organizations stated that attention form the media initially had a positive 
eff ect. It provided urgency to address the debate and achieve a consensus regarding 
the need to intervene in perinatal health. However, later in the debate, the same atten-
tion from the media was reported as an impediment. The professional organization of 
midwives stated that the speed and negativity of the media required a defensive stance, 
in which they lost time to gain a proactive mode to formulate measures. 

Contrary to what one would assume, it was not the professional organizations 
themselves or the Health Ministry that raised the urgency of addressing the perinatal 
mortality issue. Rather it was parliament that once again insisted upon a rapid response 
to resolve the perinatal mortality problem. Due to 17 parliamentary questions (the way 
to get items on the political agenda and initiate actions by departments), perinatal mor-
tality became a ‘key priority’ at the Health Ministry.13 Meanwhile, the aforementioned 
Representative remained to represent the interest of community midwives. Due to the 
urgency of the problem a so-called ‘Baby club’ was initiated at the Ministry of Health. 
This unique interdepartmental network provided a platform to discuss solutions with 
policy makers from diff erent departments of the ministry. This enabled them to answer 
the parliamentary questions rapidly. The functioning of the interdepartmental network 
was even referred to by one respondent as “disaster command center.” 

The National Institute for Public Health and the Environment used the national 
perinatal database to confi rm the PERISTAT II data and to reveal potential underlying 
causes of adverse outcomes. They identifi ed causes within four categories: 1. organiza-
tion of perinatal care (e.g. travel time to a hospital, collaboration between community 
midwives and gynecologists or risk assessment), 2. maternal factors (e.g. ethnicity or 
education level) 3.  fetal factors (e.g. congenital anomalies) and 4. socio-demographic 
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factors (e.g. deprived area).13 Recognition of these potential causes shed the light on 
two main themes. Firstly, interventions were necessary within the entire perinatal health 
care system from the preconception period through to and including the puerperium. 
Secondly, the role of non-medical risk factors and the infl uence of neighborhood de-
privation on perinatal mortality was recognized to be more important than previously 
thought.16 17 

Box 2.1 Renewed perinatal policy

1. Preconception care: stimulating folic acid intake; explore the effi  cacy of 
general perception and eventually integrate this in the health care system. 

2. Institution of Advisory Committee: advice on quality-enhancing measures 
for the entire obstetric chain (from preconception care to maternity care), with 
special attention to deprivation, organization of care and development of 
guidelines. 

3. Antenatal health care: introducing quality indicators, investigation hospital 
performance at off  business hours, special attention to care in deprived 
neighborhoods (safety and supplementary tariff ). 

4. Postnatal care: evaluating the current eff ectiveness of maternity care, more 
extensive screening in the neonatal screening program (the Guthrie test). 

5. External factors: reducing socio-economic related health inequalities

The Minister of Health needed to come up with rapid measures due to the urgency of 
the issue created by the House of Representatives by means of parliamentary questions. 
The Health Ministry presented fi ve main intervention themes (based on prior inquiries) 
in 2008 which are presented in Box 2.1 and planned to install a Steering Group to refi ne 
the strategy to intervene in the organization of perinatal health care the Steering Group 
was installed in 2008.13 Specifi c aims of the Steering group were: to investigate whether 
the PERISTAT results were correct, to identify potential causes for the higher perinatal 
mortality rates and to propose specifi c measures. The Health Ministry placed particular 
value on the advices forthcoming from this committee and postponed actions until this 
committee completed its investigation.13 Two years after its installation, the Steering 
Group presented a comprehensive report which was widely accepted by the fi eld.18 The 
key recommendations of this report were largely in line with the previous policy changes 
(see box 2.1), but translated into more practical measures: the need for organizational 
improvement, improvement of quality of care (in particular care in acute situations), 
improvement of risk assessment, and more attention to health education and lifestyle in 
and before pregnancy with a focus on deprived areas.13 

The Minister of Health adopted the plans. However, when the cabinet fell, eff ectuation 
of the advices was delayed. This is when the department of public health and the Min-
istry of Living, Work and Integration became involved to implement the advices of the 
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Steering Group. From this point on, the direction of curative care of the Health Ministry 
took a step back.

Simultaneous actions at a municipal level

A local policy process took place in the municipality Rotterdam (see right triangle in Fig-
ure 2.3).  This process was a contextual factor for the national policy process. Rotterdam 
had a perinatal mortality rate far above the country’s average. The local department 
of Obstetrics and Gynecology approached a local social platform (an advisory board 
for societal issues towards politics) to discuss the municipality’s inequality in perinatal 
health and potential solutions with the local Alderman. Once it was realized at municipal 
level that “you need a healthy start in life to have a healthy society” the agenda was set. 
Policy makers took on this vision and wrote a memorandum in which they stated the 
intention to reduce perinatal mortality and morbidity rates to the national level within 
10 years.19 The municipality provided budget to eff ectuate the proposal which resulted 
in the ‘Ready for a Baby program’ as of 2009.20 The perinatal mortality problems and 
solutions in the ‘Ready for a baby’ program caught attention from the Ministry of Health 
and the House of Representatives. Later it proved to be exemplary in the eff ectuation of 
urban perinatal health policy.

From policy to practice (2010 – 2011) 

In this period, the department of public health (of the Ministry of Health) became 
engaged in the perinatal mortality debate. Prior to 2010, perinatal mortality was 
predominantly seen as a topic for the curative sector and not seen as an item for the 
public health sector. However, the department of public health persuaded the Health 
Minister that improvement of perinatal mortality required their involvement. They had 
the vision that health care should be delivered locally and that “health should be seen in 
relation to the social and physical environment.” This was taken up in the national policy 
memorandum. It was seen as a challenge to spread this message and to make perinatal 
health a key priority amongst municipal health policy makers. Furthermore, to intervene 
in perinatal health collaboration between curative and preventive domains within local 
municipalities was needed. The department of public health identifi ed the need for a 
dedicated project to eff ectuate their vision.

The department of public health persuaded the Minister of Health to allocate extra 
budget to develop evidence based interventions to reduce perinatal morbidity and 
mortality rates. In agreement with their vision that policy should address socio-envi-
ronmental health factors, the intervention would require implementation of preventive 
measures at municipal level. They recognized that they needed a fi eld partner to engage 
municipalities in eff ectuating their vision and evaluating their vision with research. They 
identifi ed the ‘Ready for a Baby’ program in Rotterdam. Having approached its executors, 
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namely the Department of obstetrics of the Erasmus University Hospital, they discussed 
a national program. This resulted in a research proposal and grant to facilitate what 
later became the Healthy Pregnancy 4 All program. Two interventions were selected: 
1) a preconception care program in which both curative and preventive professionals 
participate and 2) systematic risk assessment with an antenatal risk assessment tool 
addressing medical and non-medical risk factors and associating care pathways.21 22 The 
program was launched in the deprived neighborhoods of 14 municipalities with the 
most adverse perinatal outcomes, compared to the national average.5 The eff ectiveness 
of the implementation of two interventions in the local municipal setting was to be 
assessed by research parallel to the program.5 

In total, the Health Ministry provided 9 million euro for the entire period to eff ectuate 
the proposed measures to intervene in perinatal healthcare. A board, namely the Col-
lege of Perinatal Health, was formed to superintend the eff ectuation of the measures of 
the Advisory Committee.13 

Perinatal mortality debate: a catalyst to innovate

Retrospectively, this policy process in response to perinatal mortality provided several 
side eff ects that resulted in additional events and interventions in the perinatal health-
care fi eld. A selection of these additional events is presented in Box 2.2. 

Box 2.2 The catalyzing eff ect of the perinatal mortality debate: additional events in the perinatal health 
fi eld

Research fi eld:

- setting of a research agenda (Signalement study) 

- calling attention for more funding for research in perinatal healthcare: 
appointment of the Netherlands organization for Health Research and 
Development – Pregnancy and Childbirth program

- forming of research consortia

Training:

- accelerated training of more maternity nurses to compensate for shortages

- expansion of the number of training places for midwives and to professional-
ize the training 

Financial:

- additional tariff  for midwives in disadvantaged neighborhoods

- debate about personal contribution for outpatient deliveries

Organizational:

- founding of Birth centers 

- debate about integrated care
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DISCUSSION 

Main fi ndings

The Perinatal mortality was a health issue which resulted in a national policy process. 
In this study we performed a retrospective analysis regarding the agenda setting and 
formulation of policy to intervene in the perinatal mortality rate between 2004 and 2011. 

Attention for the topic resulted in the creation of a new network of policymakers 
consisting of policymakers from both the department of curative and preventive health, 
politicians, researchers and practitioners. This resulted in the review of the organization 
of perinatal health care and formulation of renewed perinatal health care policy. A broad 
network of actors resulted in the formulation of diverse measures. Policy emphasized 
preventive care and measures throughout the full spectrum of the perinatal period: 
from preconception health through to and including the puerperium. It was acknowl-
edged that perinatal health is not solely infl uenced by biological factors but by social 
and environmental factors as well and that perinatal health aff ects health outcomes in 
adult life.23 This resulted in the policy that intervention in perinatal mortality requires 
municipal involvement. The policy process occurred in a relatively short period. The 
most important process factors where the nature of the topic and the fact that perinatal 
mortality rates and the public profi le of the debate. This promoted that a broad scope 
of professionals was engaged in the policy process. In contrast, prior to the debate, only 
policy makers of the department of curative health were involved. Important contextual 
factors were the organization of perinatal health within the tiered health care system 
and divergent views amongst perinatal health care providers. 

Key elements in the agenda setting
Firstly, the topic could be targeted because the perinatal mortality problem had been 
quantifi ed by PERISTAT and by additional research. It was this quantifi cation of perinatal 
health data that created urgency to act amongst politicians, Aldermen, and the pre-
ventive sector. Prior to the debate, the organization of perinatal health had not been 
evaluated. The system was deemed to be infallible by the majority of policy makers (and 
society). 

Secondly, the nature of the topic was engaging to all actors in the debate. The fact 
that the topic of perinatal mortality concerns a relatively large group in society made 
this a subject of interest to politicians, policy makers, health care professionals and the 
public. The media was eager to be an intermediary and fueled the debate. Especially the 
involvement of politicians and the media set the speed of the debate. Gynecologists and 
midwives could not agree upon the ideal organization of perinatal care. However, the 
high public profi le and the speed of the debate forced them to agree that the perinatal 
health statistics required changing in the organization of perinatal healthcare. Whilst 
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the whole debate was fi ery, there was agreement that rapid interventions were neces-
sary amongst all actors involved. 

A key result of the agenda setting was the founding of a new network at a national 
policy level that committed to identify solutions to intervene in perinatal health. Two ac-
tors in these networks (or subnetworks in the perinatal mortality policy process) should 
be mentioned specially. Firstly the Baby Club, that consisted of policy makers from dif-
ferent departments of the Health Ministry. This network promoted that the department 
of public health became involved and that measures refl ected a more socioeconomic 
environment oriented approach. Secondly, the Health Ministry appointed a Steering 
Group which promoted that interventions were selected after input from a multidisci-
plinary range of actors. 

Key elements in the formulation of policy
The relatively unfavorable perinatal mortality rates caused a broad multidisciplinary 
network to recognize that change in the organization of perinatal health care was re-
quired. Prior to these numbers, perinatal health policy was restricted to the department 
of curative health of the Health Ministry. It can be said that the multidisciplinary scope 
of actors that arose during the agenda setting was the foundation for the diversity of 
the contents of policy. Firstly there was a shift in actors involved in policy making: where 
fi rst policy was only made by the department of curative care, the department of public 
health became an important actor in policy making. This was enabled by the fact that 
budget was allocated to the department of public health. They had formulated that 
policy should incorporate that more attention should go out to non-medical risk factors 
and that local municipalities should be involved in eff ectuation of community based 
health care. The Perinatal health issue became an icon project to eff ectuate this vision. 
The academic fi eld became involved in the selection and eff ectuation of interventions. 
Secondly, with regards to the key concept to intervene throughout the whole range of 
perinatal chain from preconception care to care in the postpartum period. The Steering 
Group should be mentioned. The Steering Group functioned as a bridge between the 
research fi eld (providing evidence to point out the rationale and the evidence for inter-
ventions), midwives and gynecologists and the policy fi eld. This promoted collaboration 
and the acceptance of measures by the curative fi eld. 

Strengths and limitations

To our knowledge this is the fi rst policy analysis aiming to summarize the policy process 
that took fl ight after the EURO-PERISTAT reports. This limits comparison to what extent 
policy measures to reduce perinatal mortality have been taken in other European coun-
tries and why they were taken. This is one of the aims of EURO-PERISTAT.3 
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There are many frameworks for the evaluation of policy processes. The policy triangle 
provided a suitable framework for our policy analysis. It was specifi cally designed to 
identify the multitude of factors (content, process, context and actors) that aff ected 
policy. In this model context and process factors are equally as important as the ac-
tors. We did not investigate changes in the roles of actors or stakeholders, because we 
deemed these roles as fairly consistent within the relative short period of our study. 
Therefore this study is of limited value to identify stakeholders for future advocacy of 
policy. In order to identify stakeholders for future advocacy we would recommend a 
prospective policy analysis. 

Strength of this policy analysis is the triangulation of methods, which provided the 
opportunity to cross-verify fi ndings from diff erent sources. With the brief stakeholder 
analysis and snow-ball sampling we aimed to identify key informants for interviews. 
Triangulation of data from these data sources provided grounds for a coherent policy 
analysis. However, while triangulation provides the opportunity to verify data, it does 
not exclude subjective interpretation. The authors of this manuscript are active in the 
perinatal healthcare fi eld and were involved in the Healthy Pregnancy 4 All project, one 
of the initiatives that came out of the policy process evaluated in this article. As research-
ers within the fi eld we noticed policy changes and new bridges amongst professionals in 
the perinatal health care fi eld, which provided grounds to conduct this study. However, 
being members of the perinatal health care fi eld can also introduce subjectivity in inter-
pretation of fi ndings. We tempted to limit any potential bias by having the fi rst authors 
(who were not involved in any of the events prior to 2011) conduct the analysis and the 
other two authors verify fi ndings. To avoid bias in observations it would have been ideal 
to objectivize verify fi ndings with an external observer, without any involvement in the 
policy process. However, to our knowledge everybody with enough authority to verify 
fi ndings, would by defi nition have a role in the perinatal fi eld and thus per defi nition 
have a potential bias due to their position. 

Many countries have highly specialized obstetric care systems and underdeveloped 
collaboration between curative and public health care like the Netherlands.24 We believe 
this study can generate thought regarding contents of policy, as it is largely based on 
current literature (e.g. importance of socioeconomic determinants in health), which is 
applicable regardless of system factors.

Practical implications and recommendations 

The implications and recommendations for health care professionals and policy makers 
confronted with health issues in a similar fragmented fi eld can be summarized as fol-
lows: 
• Demonstrating the importance of the problem (numbers are essential) can help to 

bring policy issues to the agenda.
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• Placing the problem in a multidisciplinary context can result in identifi cation of 
new solutions. Collaboration between the academic fi eld (knowledge) and politics 
(money and policy), and between the curative and preventive sector resulted in new 
measures. This is an example of how investing time in the identifi cation of the stake-
holders with whom you share a problem can be rewarded with better collaboration 
in the selection of interventions.

• Urgency and fast actions can be enforced by engaging the political fi eld and the 
media. However, this should be done with caution as it can polarize discussions in 
such a way that they which may become incontrollable. 

• Finding a network that is aware of your problem or related problems can increase the 
likelihood that resources are allocated to solve your problem. In this policy process 
the perinatal mortality debate proved to be a catalyst for solutions to related prob-
lems.

• Reducing perinatal mortality and inequalities in perinatal health requires integration 
of care from the curative and the preventive sector. National governments need to 
collaborate with municipalities to deliver perinatal health care that addresses socio-
environmental determinants in a tailored fashion. 

CONCLUSIONS

Over the past decade politicians and policy makers have acknowledged that the high 
perinatal mortality rates were a national health issue over the past decade. This resulted 
in new policy. Regarding content of formulated policy, we observed that prior policy 
policies were related to care within the curative setting. Key features of new policy were 
fi rstly that intervention was necessary throughout the full range of perinatal care (from 
the preconception care period to the postnatal period. Secondly, interventions would 
have to address socio-demographic factors that infl uence perinatal health. This shift to 
addressing socio-environmental determinants of perinatal health requires municipal 
involvement.

The broad range of actors led to the diversity of interventions. Where there was dis-
agreement regarding intervention selection at fi rst, agreement and interventions selec-
tion was enforced by political pressure and mediated by the Steering Group. However, 
according to politicians, future debates should reveal the role of the perinatal healthcare 
fi eld in further solutions of the problem: “From now on the ball is in their court.” This 
policy analysis focused on formulated policy. Future research needs to evaluate the 
extent to which policy has been implemented and been eff ective in reducing perinatal 
mortality. 
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SUPPLEMENTARY FILES

Supplementary Figure 2.1 The policy framework by Walt and Gilson. 
This fi gure depicts Walt and Gilson’s Policy Triangle framework which was applied for this policy analysis.11 
12 Central in this triangle are the actors. The term ‘actors’ refers to individuals in a particular system or or-
ganization. These actors have a role in the policy process by interplay with context, content and process. 
‘Context’ refers to systemic factors as political, economic, social, and (inter)national factors which may have 
an eff ect on health policy. They can be classifi ed into structural, situational, cultural or exogenous factors.25 
‘Process’ refers to the way in which policies are initiated, developed or formulated, negotiated, commu-
nicated, implemented and evaluated.12 Process can be classifi ed into phases in diff erent ways. Buse et 
al. propose the following stages: problem identifi cation and issue recognition, policy formulation, policy 
implementation and policy evaluation. The triangle connects these variables: actors, content, context and 
the process infl uence and interact with each other.12
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ABSTRACT

Background Promotion of healthy pregnancies has gained high priority in the Nether-
lands because of the relatively unfavourable perinatal health outcomes. In response 
a nationwide study Healthy Pregnancy 4 All was initiated. This study combines public 
health and epidemiologic research to evaluate the eff ectiveness of two obstetric 
interventions before and during pregnancy: (1) programmatic preconception care 
(PCC) and (2) a systematic antenatal risk assessment (including both medical and non-
medical risk factors) followed by patient-tailored multidisciplinary care pathways. In 
this paper we present an overview of the study setting and outlines. We describe the 
selection of geographical areas and introduce the design and outline of the precon-
ception care and the antenatal risk assessment studies.

Methods/design A thorough analysis was performed to identify geographical areas in 
which adverse perinatal outcomes were high. These areas were regarded as eligible for 
either or both sub-studies as we hypothesised studies to have maximal eff ect there. 
This selection of municipalities was based on multiple criteria relevant to either the 
preconception care intervention or the antenatal risk assessment intervention, or to 
both. The preconception care intervention was designed as a prospective community-
based cohort study. The antenatal risk assessment intervention was designed as a 
cluster randomised controlled trial – where municipalities are randomly allocated to 
intervention and control.

Discussion Optimal linkage is sought between curative and preventive care, public 
health, government, and social welfare organisations. To our knowledge, this is the 
fi rst study in which these elements are combined.
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BACKGROUND

Perinatal mortality rates in the Netherlands are high and decline slower than in other 
European countries.1-3 Furthermore, an inequality in adverse perinatal outcomes is seen 
as more risks and a higher risk load for adverse outcomes were found for women liv-
ing in socially deprived areas.4 Population-based cohort studies, e.g., the Generation R5 
and ABCD6 studies have contributed to our knowledge of various health problems in 
pregnancy and childhood and their lasting impact on health in later life. Studies using 
a large national Dutch database (The Netherlands Perinatal Registry) showed increased 
adverse pregnancy outcome in large urban areas, in particular in deprived neighbor-
hoods.7,8 Analyses of this database provided recognition that four specifi c morbidities 
precede perinatal mortality in 85% of cases, the so-called ‘Big4’ morbidities.9,10 These are: 
congenital anomalies (list defi ned), preterm birth (<37th week of gestation), small for 
gestational age (SGA, birth weight <10th percentile for gestational age) or low Apgar 
score (<7, 5 minutes after birth).

Taking prior research into account, a nationwide study focusing on deprived areas 
with a higher than average perinatal mortality and morbidity rate was designed. Our 
strategy was to perform a thorough epidemiological analysis to identify areas in which 
interventions would theoretically have the highest impact in improving perinatal health.

Healthy Pregnancy 4 all

With the support of the Ministry of Health and Welfare a nationwide study called 
‘Healthy Pregnancy 4 All’ (HP4All), was initiated. Several municipal pilot studies in the 
city of Rotterdam provided its framework.11 The main objective of HP4All is to evalu-
ate the eff ectiveness of the interventions and their associated preventive strategies in 
either the preconception period or the antenatal period to reduce adverse pregnancy 
outcome. Accordingly, two sub-studies are designed: a population-based prospective 
cohort study focusing on the eff ectiveness of customized preconception care (PCC) 
and a systematic antenatal risk assessment score-card including both medical and non-
medical risk factors followed by patient-tailored multidisciplinary care pathways.

The rationale of the PCC sub-study originates from increasing evidence showing the 
critical infl uence of embryonic development and placentation during early pregnancy 
on pregnancy outcome.12-14 Risks infl uencing this early pregnancy phase can be modi-
fi ed optimally in the preconception period.14-16 The Dutch Health Council recommended 
(2007) to integrate general PCC in the health care system.17 The Minister of Health, 
however, advised to evaluate the utilization and eff ectiveness of PCC for high risk 
groups fi rst, before collective reimbursement of PCC in Dutch obstetric care would be 
(re)considered.
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The second sub-study concerns a cluster randomized controlled trial, focusing on the 
early detection of risks for adverse pregnancy outcomes with a score card including 
both medical and non-medical risks. The unique Dutch system of obstetric care system 
has three risk-based levels of care: primary care (indicated for low risk pregnancies and 
deliveries, provided by independently practicing midwives), and secondary/tertiary care 
(indicated for high risk pregnancies, provided by obstetricians).18 As the level of care 
depends on the distinction between low risk and high risk pregnancies, antenatal risk 
assessment is an important part of Dutch obstetric care.18 Although social deprivation 
has been shown to contribute to adverse perinatal health in the Netherlands, standard 
risk assessment does not include the assessment of non-medical risks of perinatal 
health.4,7,19,20 In addition, subsequent patient-tailored pathways are lacking. Therefore, in 
the new antenatal risk assessment tool (‘R4U score card’) both medical and non-medical 
risk factors are explicitly taken into account as part of the HP4All study.

The aim of this paper is to present an overview of the HP4All study. Below, we fi rst 
describe the selection of geographical areas most eligible for the interventions. Next 
we introduce the design of the preconception care and the antenatal risk assessment 
sub-studies.

METHODS/DESIGN

Identifi cation and selection of the eligible geographical areas for the 
interventions

The fi rst step was the identifi cation of the geographical units in which the aforemen-
tioned sub-studies would preferably be carried out. We used a national Geographic 
Information System (GIS) to divide The Netherlands into 62 municipalities, being the 50 
municipalities with > 70.000 inhabitants and the 12 provinces (excluding the 50 previ-
ously selected municipalities). The second step involved the selection of municipalities 
in which to carry out the sub-studies, based on multiple criteria which are relevant to 
either the preconception care intervention or broadened antenatal risk assessment.

Of the 50 cities with >70.0000 inhabitants, we selected municipalities according to 
socio-demographic parameters associated with high risk load (maternal age, parity, 
ethnicity, and socioeconomic status) and perinatal outcome data (overall ‘Big4’ and 
perinatal mortality prevalence). Before the municipalities could be selected, specifi c pa-
rameters that make delivery of PCC or antenatal risk assessment relevant were applied.

For the PCC sub-study these criteria were (1) proportion of women having their fi rst 
antenatal booking visit at ≥14 weeks of gestational age, and prevalences of (2) congeni-
tal anomalies and of (3) SGA. The moment of the fi rst antenatal booking is important 
because it is a condition for timely intervention upon present risk factors. The eff ective-
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Table 3.1 Demographic characteristics of the study population by yes/no ‘G4-cities’ (the four largest cities) 
with percentages in brackets

G4-Cities
NETHERLANDS MINUS 

G4-CITIES
TOTAL

No.of pregnancies during study period 245445 (100.0) 1338420 (100.0) 1583865 (100.0)

Parity

Primiparous 121592 (49.5) 607953 (45.4) 729545 (46.1)

Multiparous 123853 (50.5) 730467 (54.6) 854320 (53.9)

Ethinicity

Western 139786 (57.0) 1186772 (88.7) 1326558 (83.8)

Non-Western 105659 9(43.0) 151648 (11.3) 257307 (16.2)

Maternal age

< 20 years 6987 (2.8) 19861 (1.5) 26848 (1.7)

20-24 years 34864 (14.2) 127013 (9.5) 161877 (10.2)

25-29 years 61354 (25.0) 395138 (29.5) 456492 (28.8)

30-34 years 85444 (34.8) 535927 (40.0) 621371 (39.2)

≥ 35 years 56796 (23.1) 260481 (19.5) 317277 (20.0)

Socioeconomic ‘status score’

<p20 145367 (59.2) 254607 (19.0) 399974 (25.3)

p20-p80 58641 (23.9) 853074 (63.7) 911715 (57.6)

>p80 41437 (16.9) 230739 (17.2) 272176 (17.2)

Neighbourhood

Non-deprived 165658 (67.5) 1320392 (98.7) 1486050 (93.8)

Deprived 79787 (32.5) 18028 (1.3) 97815 (6.2)

Perinatal outcomes**

Congenital anomalies 5233 (2.1) 33159 (2.5) 38392 (2.4)

Preterm birth 15673 (6.4) 81646 (6.1) 97319 (6.1)

Small for gestational age 27724 (11.3) 125175 (9.4) 152899 (9.7)

Apgar score <7 3385 (1.4) 14818 (1.1) 18203 (1.1)

(5 minutes after birth)

Any Big4** 50267 (20.5) 242697 (18.1) 292964 (18.5)

Fetal mortality† 1478 (0.6) 6718 (0.5) 8196 (0.5)

Intrapartum mortality 458 (0.2) 2126 (0.2) 2584 (0.2)

Neonatal mortality†† 761 (0.3) 3547 (0.3) 4308 (0.3)

Perinatal mortality‡ 2697 (1.1) 12391 (0.9) 15088 (1.0)

** Individual ‘Big4’ morbidities do not add up to ‘any Big4’.
as women can have >1 ‘Big4’ morbidity.
† From 22 weeks of gestational age.
†† 0–7 days postpartum.
‡ Total of fetal, intrapartum and neonatal mortality.
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ness of these interventions is larger in an early fetal stage. Congenital anomaly and SGA 
prevalences are considered to be indicative for a region’s periconceptional health status.

For the antenatal risk assessment sub-study, additional criteria were (1) overall peri-
natal mortality rates, (2) perinatal mortality amongst women with ‘Big4’ pregnancies 
(‘case-fatality’), and (3) prevalence of SGA and prematurity. For each specifi c indicator 
we present the absolute rate, the standardised rate and the so-called inequality-rate, 
the latter being expressed as the relative risk of the outcome for low SES (socioeconomic 
status) pregnant women compared to high SES pregnant women, after direct standar-
disation for maternal age, parity and ethnicity. Standardisation21 is needed because a 
region with, e.g. a high number of non-Western women or a high number of teenage 
pregnancies will generally have a higher prevalence of adverse perinatal outcomes.

Data sources

The division of The Netherlands into 62 municipalities was based on 4-digit postal codes 
areas. Data were provided by the Falk company (www.falk.nl), the National Public Health 
Authority, and the Statistics Netherlands organisation (CBS, www.cbs.nl). Information on 
socioeconomic status (SES, determined in 2006) per postal code area was obtained from 
the Social and Cultural Planning Offi  ce (SCP, www.scp.nl). Data on pregnancy and peri-
natal outcome were derived from The Netherlands Perinatal Registry (2000–2008). This 
database contains information of more than 97% of all pregnancies in The Netherlands.21 
The data are routinely collected by 94% of midwives, 99% of gynaecologists and 68% of 
paediatricians including 100% of Neonatal Intensive Care Unit paediatricians.21 

Figure 3.1 Absolute prevalence of perinatal mortality per 1000 births. 
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Table 3.1 shows the demographic characteristics of the so-called ‘G4-cities’, i.e. the 
four largest cities: Amsterdam, Rotterdam, The Hague, Utrecht, and the rest of the 
Netherlands. Compared to the rest of The Netherlands, the ‘G4’-cities have a larger 
proportion of non-Western women (43% vs. 11.3%), more teenage pregnancies (2.8% 
vs. 1.5%), and more women in low SES neighbourhoods (59.2% vs. 19.0%). Considerably 
more women live in deprived neighbourhoods (32.5% vs. 1.3%) and the overall adverse 
perinatal outcome is worse in ‘G4-cities’, as illustrated by a ‘Big4’ prevalence of 20.5% 
compared to 18.1%.

Perinatal mortality and ‘Big4’ prevalence

Figures 3.1 and 3.2 illustrate the geographical distribution (50 municipalities and 12 
provinces) of perinatal mortality rates, and the prevalence rate of ‘Big4’ (per 1,000), 
respectively. Various shades of red represent the diff erent prevalence classes, the darker 
the shade the more prevalent the adverse outcome. The classes are based on the distri-
bution of the rates: the middle three classes comprise 95% (2 standard deviations) of the 
outcome levels; the middle class comprises 68%. Both fi gures show large geographical 
inequalities in adverse perinatal outcomes on the national level.

Comparison municipalities

We additionally compared these outcomes across areas after direct standardisation22 
for population diff erences by maternal age, parity, ethnicity, and SES. Standardisation 
is needed because a region with, e.g. a high number of non-Western women or a high 

Figure 3.2 Absolute prevalence of ‘Big 4’ morbidities per 1000 births. 
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Table 3.2 Selection criteria* for the preconception care experiment with scoring in deciles; the higher de-
ciles represent a more likely qualifi cation for inclusion

 

* ‘% PREG’:% pregnant women in the general population / ‘AGE <20’:% teenage pregnancies / ‘PRIMI’:% pri-
miparous women / ‘NW ETHN’:% non-Western pregnant women / ‘LOW SES’:% women in neighbourhoods 
with a socioeconomic status score < p20 / ‘ABS’: Absolute% / ‘STND’: Standardised% / ‘INEQ’: Inequality as 
measured by the relative risk of prevalences between women from neighbourhoods with socioeconomic 
status score < p20 compared to > p80.
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Table 3.3 Selection criteria* for the risk selection experiment with scoring in deciles; the higher deciles rep-
resent a more likely qualifi cation for inclusion

 

* ‘% PREG’:% pregnant women in the general population / ‘AGE <20’:% teenage pregnancies / ‘PRIMI’:% pri-
miparous women / ‘NW ETHN’:% non-Western pregnant women / ‘LOW SES’:% women in neighbourhoods 
with a socioeconomic status score < p20 / ‘ABS’: Absolute% / ‘STND’: Standardised% / ‘INEQ’: Inequality as 
measured by the relative risk of prevalences between women from neighbourhoods with socioeconomic 
status score < p20 compared to > p80.
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number of teenage pregnancies will generally have a higher prevalence of adverse 
perinatal outcomes.

Tables 3.2 and 3.3 show the socio-demographic parameters and the specifi c criteria 
for the PCC and the antenatal risk assessment sub-studies. For each specifi c indicator 
we present the absolute rate (ABS), the standardized rate (STND) and the inequality-
rate (INEQ, the relative risk of the standardised outcome for low SES pregnant women 
compared to high SES pregnant women).8 Next, to facilitate comparisons, we assigned 
decile scores to regions, varying from one (the region is one of the 10% areas with best 
outcomes) to 10 (the region belongs to the 10% worst outcomes). The sum of the decile 
scores for the various indicators by region is shown in the last column (‘RANK’); higher 
scores imply unfavourable ranking. For clarity, colors are used to diff erentiate between 
favourable and unfavourable outcomes: green represents the fi rst decile (with the best 
outcome), pink the 10th decile (10% with the most adverse outcomes), the 10th-20th 
decile. Based on the sum of the decile scores for the PCC sub-study (table 3.2), the 
pink and amber municipalities have the most adverse outcomes, i.e. 1. The Hague; 2. 
Rotterdam; 3. Eindhoven; 4. Amsterdam; 5. Schiedam; 6. Almere ; 7. Delft; 8. Utrecht; 9. 
Maastricht; 10. Tilburg; 11. Heerlen; 12. Arnhem; 13. Friesland. According to the sum of 
the decile score for the risk assessment sub-study (table 3.3) the following municipalities 
show the most adverse outcomes: 1. The Hague; 2. Amsterdam; 3. Rotterdam; 4. Arnhem; 

Figure 3.3 Participating municipalities in the ‘Healthy Pregnancy 4 All’ project.
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5. Tilburg; 6. Nijmegen; 7. Schiedam; 8. Utrecht; 9. Enschede; 10. Spijkenisse; 11. Heerlen; 
12. Vlaardingen; 13. Groningen; 14. Leeuwarden.

Final selection municipalities

After the epidemiological selection of the candidate municipalities the list was fi rst 
presented to the Ministry of Health. The next step was to inform the Alderman and 
municipal health authorities about their perinatal health status. They were invited to 
commit to the HP4All study. Criteria to participate were: a) active involvement by a local 
Policy Offi  cer (>one day per week for the duration of the study), b) local political support 
for the study (e.g. fi nancial support, involvement in health related policy, local resources, 
involvement of local networks).

The following municipalities agreed to participate (see fi gure 3): in the province 
of Groningen, Appingedam / Delfzijl / Menterwolde / Pekela and Groningen city, the 
municipalities of Enschede, Nijmegen, Heerlen, Tilburg, Schiedam, Utrecht, The Hague, 
Amsterdam, and Almere.

All municipalities decided to participate in both sub-studies. As a separate municipal 
program on reducing perinatal mortality was already being carried out in Rotterdam5, 
this city was not selected for participation in the HP4All study.

In these participating municipalities, general practitioners, midwives, and obstetri-
cians were approached for provision of the interventions. Additional to the identifi ed 
municipalities, the province of Friesland best qualifi ed for the PCC sub-study and the 
province of Groningen for the risk assessment sub-study.

INTRODUCTION TO THE SUB-STUDIES

The preconception care sub-study

This sub-study is a prospective cohort that aims to evaluate the eff ectiveness of indi-
vidual Preconception Care Consultations and the eff ectiveness of the employed recruit-
ment strategy for the PCC consultation services. Preconception care consultations are 
delivered by primary caregivers (General Practitioners and midwifes) in the community. 
These consultations consist of two sessions. Prior to the fi rst session the woman fi lls in 
a questionnaire (www.zwangerwijzer.nl). This questionnaire screens risk factors across 
the following domains: background, lifestyle, medical history, obstetric/ gynecologic 
history, family, work/environmental. Thus, risk factor screening is performed in a uni-
form way before the consultation. During the consultation a history is taken regarding 
the presence of potential risk factors and a intervention plan is made with the women/ 
couple to reduce/ eliminate risk factors. Three months later a follow-up consultation is 
planned to evaluate adherence to the intervention plan.
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Uptake of individual PCC is known to be low. Thus additional eff orts seem necessary to 
promote uptake of the consultations.23 For this purpose a 4-tiered recruitment strategy 
is employed. Women are informed about the PCC consultations by: (1) an invitational 
letter from the municipal health service or municipality, (2) invitational letter from the 
family doctor, (3) referral by the youth health care service, (4) referral by a perinatal 
health peer educator.

The study population consists of women aged 18 – 41 years old. Participation is vol-
untary.

There are several primary outcomes. Firstly, the eff ectiveness of the PCC consultations 
in terms of behavioral changes (use of folic acid supplements, smoking cessation, ces-
sation of alcohol consumption and illicit substances besides individual risk factors (e.g. 
obesity). Secondly, the eff ectiveness of the recruitment strategy is assessed. We address 
this eff ectiveness by measuring the extent to which each recruitment arm results in 
visitation of the PCC service and by the characteristics of women that these recruitment 
strategies reach.

Women are enrolled in the cohort study after they have made an appointment for 
the PCC consultation. When they participate they are asked to fi ll in a questionnaire 
and consent to laboratory tests before each visit to the PCC health service. Biomarkers 
are tested to vouch self-reported behavioral change of primary outcomes (erythrocyte 
folate, %carbohydrate transferrin (CDT), serum cotinine levels and urinary drug tests). 
Furthermore anthropometric measurements are collected at these two visits by the PCC 
provider. This data collection provides data for pre- and post-measurements regarding 
PCC behaviors. Characteristics of women that visit the peer education sessions are 
measured by questionnaires.

The antenatal risk assessment sub-study

In this cluster randomised trial (Trial registration: Dutch Trial Registry: NTR-3367) mid-
wifery practices in participating municipalities (‘clusters’) were randomly assigned to 
either the use of a score card (‘R4U’) based antenatal risk assessment, care pathways 
and multidisciplinary consultation (intervention group) or conventional risk assessment 
(control group).

The 70-item ‘R4U’ score card consists of six risk domains (social status, ethnicity, care, 
lifestyle, medical history and obstetric history). Corresponding care pathways to both 
medical and non-medical services will support health care professionals to encounter 
complex (non-)medical risk factors. A predefi ned weighted sum risk threshold, based on 
weighted single risk factors, is derived from the ‘R4U’ score card. If a pregnant woman’s 
individual sum risk score exceeds the threshold, her case will be assessed in a multidisci-
plinary setting with community midwives, obstetricians, and other care providers.
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Score card based systematic risk assessment will be performed with the ‘R4U’ score 
card at the fi rst antenatal booking visit followed by (provided that informed consent is 
given), if necessary, a specifi c referral to, e.g. a higher level obstetric care (gynaecologist), 
or psychosocial care in case of medical or non-medical high risk using risk-specifi c care 
pathways. Additionally, these women at increased risk will be reviewed in a multidisci-
plinary team of caregivers concerning tailored antenatal care. We aim to assess 20% of 
all pregnant women in this multidisciplinary setting.

Participating midwives and obstetricians receive personal instructions in planned ses-
sions by the project team for the practical use of the web-based ‘R4U’ score card. Besides, 
an e-learning program is available for all caregivers. The project team has developed 
28 templates of care pathways for all risk factors in the ‘R4U’ score card. Together with 
local healthcare professionals in perinatal care, municipal services, community health 
services, and other services, these templates will be adapted in organised meetings to 
local setting, taking the availability of local facilities, agreements, and guidelines into 
consideration.

Pregnant women’s risk status in the control group is assessed conventionally, i.e. ac-
cording to the elaborate so-called ‘List of Obstetric Indications’ (in Dutch: Verloskundige 
Indicatie Lijst)24 which lists all conventional (>140) high risk indications (for referral 
or consultation). In each control municipality care ‘as usual’ will be provided until 700 
participants have been included or until 2/3 of the study period (2 years) has passed. 
After that moment, the implementation of the risk assessment intervention will start.

Primary outcomes are the prevalence of preterm birth and SGA, and the effi  cacy of 
‘R4U’ implementation (measured by the number of ‘R4U’ score cards completed by the 
health care professional against the number of booking visits, the development and use 
of care pathways following ‘R4U’ scores, actual performed multidisciplinary consulta-
tions, and patient and healthcare professional satisfaction).

Organisation and time schedule

The study is rolled out by the national HP4ALL staff  of the Erasmus Medical Center in 
Rotterdam and by the local HP4ALL project managers. The staff  consists of 2 junior 
researchers, research assistants and 2 project managers (1 for each sub-study) and 2 
program directors. The local project managers are either allocated from the municipality 
or from the municipal health services. Organisation and logistics regarding out roll of 
the two sub studies is presented in the specifi c design papers.

The HP4All study was initiated in April 2011. The HP4ALL research team was organised 
by May 2011. Municipalities had committed to participation in September 2011. Within 
the municipalities local health care providers eligible to participation in the sub-studies 
were invited to participate as of November 2011. At time of writing, the study is ongoing.
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Ethical considerations

The two The HP4All sub-studies have been approved by the Institutional Board Review 
of the Erasmus Medical Centre Rotterdam (Preconception Care sub-study: MEC 2012–425; 
Antenatal risk assessment trial: MEC 2012–322). Participants in both studies will receive 
written and oral information about the study after which informed consent will be 
obtained. Participation in either sub-study is voluntary and no extra incentives will be 
provided. Health care providers participating in both studies do not receive incentives. 
However in the PCC sub-study, providers will receive reimbursement from the HP4All 
project, as PCC consultations are currently not covered by (most) health care insurances.

DISCUSSION

In this study we described the set-up of the ‘Healthy Pregnancy 4 All’ study in which 
high perinatal risk regions are targeted with two interventions based on preconception 
care and antenatal care. The foundation of this study lies in the scientifi c and systematic 
analysis of the perinatal health problem in the Netherlands. The study meets the cur-
rent evidence to intervene early (before or in pregnancy) upon risk factors associated 
with these perinatal health outcomes. By selection of geographical areas, the study will 
intervene in potentially high risk populations that potentially will benefi t the most. We 
hypothesise that both strategies will contribute to the promotion of perinatal health. 
In this project, optimal linkage is sought between curative and preventive care, public 
health, government, and social welfare organisations. To our knowledge, this is the fi rst 
study in which these elements are combined.
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ABSTRACT

Background Promotion of healthy pregnancies has gained high priority in the Nether-
lands because of relatively unfavorable perinatal outcomes. In response, a nationwide 
study, ‘Healthy Pregnancy 4 All’ (HP4ALL), has been initiated. Part of this study involves 
systematic and broadened antenatal risk assessment (the Risk Assessment sub-study). 
Risk selection in current clinical practice is mainly based on medical risk factors. 
Despite the increasing evidence for the infl uence of nonmedical risk factors (social 
status, lifestyle or ethnicity) on perinatal outcomes, these risk factors remain highly 
unexposed. Systematic risk selection, combined with customized care pathways to 
reduce or treat detected risks, and regular and structured consultation between com-
munity midwives, gynecologists and other care providers such as social workers, is 
part of this study.

Methods/Design Neighborhoods in 14 municipalities with adverse perinatal outcomes 
above national and municipal averages are selected for participation. The study 
concerns a cluster randomized controlled trial. Municipalities are randomly allocated 
to intervention (n = 3,500 pregnant women) and control groups (n = 3,500 pregnant 
women). The intervention consists of systematic risk selection with the Rotterdam 
Reproductive Risk Reduction (R4U) score card in pregnant women at the booking 
visit, and referral to corresponding care pathways. A risk score, based on weighed risk 
factors derived from the R4U, above a predefi ned threshold determines structured 
multidisciplinary consultation. Primary outcomes of this trial are dysmaturity (birth 
weight <p10), prematurity (birth <37 weeks), and effi  cacy of implementation. 

Discussion The ‘HP4ALL’ study introduces a systematic approach in antenatal health 
care that may improve perinatal outcomes and, thereby aff ect future health status of 
a new generation in the Netherlands.
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BACKGROUND

Perinatal mortality rates in the Netherlands are higher than in other European countries 
and are showing a slower rate of decline.1 The latest confi rmed statistics describe a 
perinatal mortality rate (deaths from 22 weeks of gestation up to 7 days postpartum) 
of 8.5 per 1,000 births.2 In addition, higher risks for adverse outcomes were found for 
women living in socioeconomically deprived areas, particularly in the four largest cities 
in the Netherlands.3 The adverse perinatal health outcome in the Netherlands has trig-
gered debates and initiatives to study and intervene in possible causes for these adverse 
outcomes.

More than 85 percent of all causes of perinatal mortality in the Netherlands are as-
sociated with four adverse perinatal outcomes, namely congenital disorders, small for 
gestational age (birth weight <10th percentile for gestational age), premature delivery 
(birth <37 weeks), and/or a suboptimal start at birth (Apgar score <7 after 5 minutes); 
these are defi ned as the ‘Big 4’ outcomes. 4 Poor outcomes were especially observed in 
deprived districts and are often associated with socioeconomic and ethnicity related 
risk factors such as low education, low income and poor integration into society.5.6

The Dutch system

The Dutch antenatal healthcare system is divided into three levels of care in which a dis-
tinction is made between low-risk and high-risk pregnancies. The primary level of care, 
antenatal health care, is provided by independently practicing midwives who deliver 
care to pregnant women with an uncomplicated pregnancy, childbirth and the postpar-
tum period. These women are estimated to be ‘low risk’. If complications (threaten to) 
occur, midwives refer the women to a gynecologist at the secondary level of care.7 The 
tertiary level of care takes place in centers for perinatology with a neonatal intensive 
care unit and an obstetric ‘high-care’ department. The latter is reserved for severely ill 
women or threatened pregnancies.8

Current practice of risk selection

Current risk selection during the antenatal period focuses on medical risk factors.9,10 A 
list of obstetric indications, for which referral from primary to secondary care is pre-
scribed, has been composed by professionals involved in the fi eld. On this list, the most 
frequently occurring medical conditions and prior obstetric complications are allocated 
to the diff erent levels of care. The composition of this list was based on best evidence 
or best practices. Since the last update in 2003, there has been an increase in evidence 
of the infl uence of nonmedical risk factors (social status, lifestyle or ethnicity) on ad-
verse perinatal outcomes.11 These risk factors are usually not considered in current risk 
screening practices. Moreover, it was shown that an accumulation of these risk factors 
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can even further harm the chances of a good pregnancy outcome. This phenomenon 
implies that the presence of a number of smaller risk factors, rather than a single greater 
one, increases the risk on adverse perinatal outcomes. 4,11,12

Initiatives to improve perinatal health

To improve perinatal health, especially in socially deprived districts, the Rotterdam 
municipal council and health scientists of the Erasmus University Medical Centre initi-
ated a city-wide perinatal health program ‘Ready for Baby’ in 2009. 5 The ‘Ready for Baby’ 
program provided the framework for this national study. It was within this program 
that scorecard-based risk screening and corresponding care pathways were developed 
and piloted. Within the context of this program, the Rotterdam area served as a testing 
ground for a number of experiments, including the development and piloting of the R4U 
(Rotterdam Reproductive Risk Reduction) scorecard for antenatal risk screening.13 These 
former experiences were used to further improve and implement these tools in other 
municipalities with high perinatal mortality and morbidity in the Healthy Pregnancy 4 
All study. The Healthy Pregnancy 4 All study was launched in 2011 by the Erasmus Univer-
sity Medical Centre in 14 municipalities in the Netherlands. It focuses on preconception 
care and broadened risk selection during pregnancy.14

In the risk assessment substudy, we will implement and investigate the Rotterdam 
Reproductive Risk Reduction (R4U) scorecard, corresponding care pathways and multi-
disciplinary consultation. This score card focuses on both medical and nonmedical risk 
factors, including psychological, social, lifestyle, obstetric and nonobstetric care-related 
risks. During the fi rst antenatal visit, the R4U scorecard will be assessed by a midwife 
or gynecologist. The aim of this study is to investigate the eff ectiveness of this new ap-
proach in antenatal health care on perinatal outcomes.

METHODS/DESIGN

Outline

The study design concerns a cluster randomized controlled trial at the municipal-
ity level. Selected municipalities are randomly allocated to intervention and control 
groups. The intervention comprises systematic risk selection with the R4U scorecard in 
pregnant women at the booking visit and referral to the corresponding care pathways. 
A risk score, based on weighed risk factors derived from the R4U, above a predefi ned 
threshold determines consultation among community midwives, gynecologists, and 
other care providers, such as social workers in a multidisciplinary setting.

The study aims 1) to investigate the eff ectiveness of systematic approach in antenatal 
health care on adverse pregnancy outcomes (primarily lowering prematurity and small 
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for gestational age outcomes) and 2) the effi  cacy of implementation (measured by the 
number of R4Us fi lled out by the healthcare professional, the performance of multidisci-
plinary deliberations and patient and healthcare professional satisfaction).

Participants/eligibility criteria

The selection of neighborhoods is based on the presence of an elevated incidence of 
adverse perinatal outcomes (above both the national and municipal average). Mu-
nicipalities are extracted after a selection process in which zip codes with high adverse 
perinatal outcomes are identifi ed in a thorough analysis. For this analysis, data from all 
singleton pregnancies in the Netherlands over the period of 2000 to 2008 were obtained 
with permission from the Dutch Perinatal Registry (PRN).15 The detailed selection process 
of the municipalities and geographical areas are described elsewhere.14

All midwives and gynecologists providing care to women living in these zip codes 
will be invited to participate in the Healthy Pregnancy 4 All study. All pregnant women 
living in these selected areas are eligible for this trial. All municipalities deal with an 
above-average perinatal mortality rate and many disadvantaged neighborhoods. Exclu-
sion criteria include an acute obstetric situation during the booking visit (for example, 
ectopic pregnancy) and women in labor during this initial visit.

Study design

To prevent contamination, we have randomized on the level of municipalities instead 
of (1) on the level of midwife practices or (2) on the level of hospitals or obstetric col-
laborations.

Randomization at the level of the individual patient is not possible because of con-
tamination to a healthcare professional: a care provider will not be able to distinguish 
between intervention and control participants within their practice.

Many midwife practices are cooperating with hospitals in so-called obstetric collabo-
rations (OC’s). Randomization on the level of OC’s was also not an option: hospitals are 
always involved in one particular OC, but midwife practices can participate in more than 
one OC. This is especially the case in municipalities with more than one hospital.

Intervention and control

Use of the R4U scorecard, corresponding care pathways, and multidisciplinary con-
sultation will be compared with conventional antenatal health care. In municipalities 
allocated to the intervention group, midwives and gynecologists will use the R4U 
scorecard during every fi rst antenatal visit (provided that informed consent is given). 
The R4U scorecard consists of six domains (social status, ethnicity, care, lifestyle, medical 
history and obstetric history), subdivided into 70 items. The R4U scorecard is proposed 
to facilitate improved coordination of antenatal care through systematic and uniform 
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risk screening for medical and nonmedical risk factors. A risk score, based on risk factors 
derived from the R4U, above the predefi ned cut-off  point implies follow-up action. This 
follow-up action includes multidisciplinary consultation between obstetric caregivers 
and non-obstetric caregivers (for example, social workers) and prioritization of risk fac-
tors. For each cluster, this cut-off  point will be calculated after a pilot of 50 R4U scorecards 
have been completed in a municipality. We strive to assess 20% of all pregnant women 
in this multidisciplinary setting. Healthcare professionals determine when and how to 
organize these meetings, with a minimum frequency of once a month. A standardized 
format is available to discuss a patient in such meetings. The purpose of these meetings 
is to assess a customized antenatal policy for each individual pregnant woman.

We developed 28 templates of care pathways for all risk factors incorporated in the 
R4U score card. Care pathways consist of steps a caregiver could follow to meet specifi c 
needs for pregnant women. Together with local healthcare professionals from both the 
perinatal care, community health services (called the GGD), and other services, these 
templates will be adapted to local circumstances. Local facilities, agreements, and guide-
lines will be incorporated. Depending on local availability, care pathways will developed 
for all items as presented in the R4U scorecard. These created care pathways will support 
the individual healthcare professional to encounter complex (non-) medical risk factors. 
They can also facilitate the collaboration among diff erent healthcare professionals and 
professionals within the community health services.

Pregnant women in the control group will receive conventional antenatal health care. 
After the inclusion of 700 participants or after two-thirds of our study period (2 years), 
we will end the control group in a particular municipality and will start with the imple-
mentation of the R4U scorecard and corresponding care pathways. As mentioned in 
our introduction, several studies revealed a disadvantaged position of the Netherlands 
regarding perinatal mortality. For the fi rst time, the unique organization of antenatal 
care in the Netherlands was openly questioned. In response, health care professionals 
and policy makers were urged to undertake interventions. The fact that we made mu-
nicipalities aware of their perinatal health statistics and allocated them to be ‘a control’ 
was contradictory to ambitions to intervene, as the control status was felt to be the 
negligent attitude of local health authorities.

We are lenient to this aspect and will off er them the opportunity to start with the 
intervention after they have reached a certain amount of included subjects or at two-
thirds of the way through the study. Therefore, we aim to implement and facilitate this 
new approach in all 14 municipalities at the end of the study period. This implies that 
the study design remains a parallel trial in which only pregnancy outcomes from regular 
antenatal health care in control municipalities will be analyzed. Pregnancy outcomes of 
women enrolled after the ‘cross-over’ in control municipalities (that is, women in control 
municipalities that were exposed the intervention) will not be analyzed for this purpose.
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Procedures, recruitment, randomization, and collection of baseline data

Randomization took place in January 2011 by an independent statistician who was not 
involved in executing the study. In order to decide whether matching was necessary, in 
each cluster, the adverse perinatal outcomes (Big 4 and perinatal mortality) were strati-
fi ed according to socioeconomic status and ethnicity. Since clusters were not consider-
ably diff erent in terms of these characteristics, we decided that matching of clusters for 
socio-economic status and ethnicity was unnecessary.

As stated before, midwife practices participate in OC’s. Due to merging plans between 
OC’s in the north of the Netherlands, four small municipalities and one large municipal-
ity were combined and form one cluster (named Groningen). Thus, ten municipalities 
were randomly assigned to the intervention (n = 5) or the control group (n = 5).

In the randomization procedure, municipalities were numbered according to the 
expected number at risk. Hereby, we ensured that both arms of the experiment were 
comparable in size. Five random numbers were drawn from the uniform distribution be-
tween zero and one. If the number was below 0.5, the fi rst of the pair would be assigned 
to the intervention, otherwise to the control group. The clusters Amsterdam, Tilburg, 
Groningen, Enschede and Nijmegen are allocated as intervention municipalities. The 
clusters for The Hague, Schiedam, Heerlen, Almere and Utrecht are control municipali-
ties. 

The logistics are carried out in close collaboration with participating local program 
coordinators, midwives, gynecologists, and, if available, research midwives in the 14 
participating municipalities. Eligible women will receive participant information, and 
they will be asked for written consent to collect data on their pregnancy outcomes by 
the participating healthcare professionals. These healthcare professionals will register 
all participating women anonymously by a study number in a web-based database. We 
will ask to register the 4-digit zip code, maternal age, gestational age at booking visit, 
and certain items of the obstetric history. All women participating in the risk assessment 
study within the HP4ALL study will receive either one or two questionnaires. The fi rst 
questionnaire contains questions regarding baseline characteristics, such as marital 
status, household composition and income, education level, ethnicity, lifestyle (smok-
ing, alcohol, and drug use), use of folic acid, medical history, and use of medication. 
This questionnaire will be completed around the fi rst antenatal visit (depending on 
local logistics). The second questionnaire focuses on satisfaction. In this questionnaire, 
we will investigate patient satisfaction regarding their fi rst antenatal visit. We compare 
satisfaction in participants in the intervention group with participants receiving con-
ventional antenatal health care. This questionnaire will be completed by a selection 
of study participants. We will ask all participating practices/hospitals to distribute this 
questionnaire in a predefi ned time period of 3 months to all study participants having 
their third antenatal visit. This visit is before the so-called 20-week ultrasound. With this 
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timing, we try to avoid bias in answering the questionnaire due to outcomes resulting 
from this ultrasound.

To provide baseline characteristics from participating healthcare professionals, an 
interview will be performed with one healthcare professional from each participating 
midwifery practice and hospital. In this structured interview, we will collect data on the 
number of patients and employees, the current use of risk-selection instruments, col-
laboration with hospitals and (other) midwifery practices in OC’s, and work processes 
in their antenatal healthcare (for example, counseling for prenatal screening, or ultra-
sound facilities). This will be repeated at the end of the study. We will use the Relational 
Coordination survey to measure the coordination performance of healthcare profes-
sionals. Gittell’s theory of Relational Coordination has been developed for measuring 
coordination performance among diff erent professions. The healthcare professionals 
will be surveyed about their communication and relationships with other healthcare 
professionals during the antenatal phase. This will allow us to observe the eff ect of our 
intervention on the coordination performance of healthcare professionals.16 Table 4.1 
provides an overview of the planned assessments within the risk assessment sub-study 
including variables, methods and outcomes.

Outcome

The primary outcomes are small for gestational age, preterm birth, and effi  cacy of imple-
mentation. Small for gestational age is defi ned as birth weight below the 10th percentile 
for gestational age. Preterm birth is defi ned as birth before 37 weeks of gestation.

Effi  cacy of implementation will be measured by the number of R4Us completed by 
the healthcare professional against the number of booking visits, the development and 
use of care pathways, actual performed multidisciplinary consultations, and patient and 
healthcare professional satisfaction. Primary outcomes, except for patient satisfaction, 
will be recorded by healthcare professionals or the project team after delivery on case 
record forms in an electronic database.

Secondary outcomes are perinatal mortality (from the 22th week of gestation until 7 
days postpartum), undetected small for gestational age and unexpected preterm births 
(babies born in the fi rst level of care), and prevalence and accumulation of medical and 
nonmedical risk factors.

Other outcome parameters are: detection and prevention of impaired growth and 
preterm birth during pregnancy, delivery modus, place of delivery, involved healthcare 
professionals, congenital anomalies, neonatal admission, asphyxia, maternal morbidity 
(such as pre-existing chronic disease, pregnancy complications, and positive booking 
bloods) and maternal mortality.
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Table 4.1 Planned assessments of the risk selection experiment: variables, methods and outcomes 

Patients

Variables Methods Outcomes

1. INTERVENTION GROUP

Nonmedical risk factors: 39 items from 
the risk scorecard, categorized into 
the domains of social, ethnicity, care, 
and lifestyle.

R4U scorecard + registration form 
‘Obstetric history’

Primary outcomes:

- Preterm birth

- Small for gestational age

Medical risk factors: 30 items from 
the risk scorecard, categorized into 
the domains of general history and 
obstetric history

Questionnaire ‘Baseline characteristics’ Secondary outcomes - Undetected 
small for gestational age  and 
unexpected preterm births (babies 
born in the fi rst level of care)

Baseline characteristics: Age, zip 
code, ethnicity, onset of care, 
household composition, family 
income, employment, education level, 
smoking, alcohol, drugs, folic acid use, 
medication use, pre-existing chronic 
diseases, and sexually transmitted 
diseases.

Case Record Form ‘pregnancy and 
delivery data’

- Prevalence of risk factors

- Risk accumulation

- Involved healthcare professionals 
during pregnancy

- Detection and prevention of 
impaired growth and preterm birth 
during pregnancy

- Perinatal mortality

- Congenital anomalies

- Delivery modus

- Place of delivery

2. CONTROL GROUP

Baseline characteristics: Age, zip 
code, ethnicity, onset of care, 
household composition, family 
income, employment, education level, 
smoking, alcohol, drugs, folic acid use, 
medication use, pre-existing chronic 
diseases, and sexually transmitted 
diseases.

Registration form ‘Obstetric history’ - Asphyxia

Questionnaire ‘Baseline characteristics’ 
Case Record Form ‘pregnancy and 
delivery data’

- Neonatal admission

- Maternal morbidity (such as pre-
existing chronic disease, pregnancy 
complications, positive booking 
bloods), and maternal mortality.

Patient satisfaction in both groups Questionnaire ‘Patient experiences 
during the fi rst antenatal visit’

- Which topics were discussed (10 
examples)?

- What was your experience?

- Do you think this was important 
to ask?

Care providers

Variables Methods Outcomes

General characteristics participating 
midwives practices and hospitals in 
both groups

Interview-based questionnaire - Current status number of patients 
and employees

- Use of risk selection instruments

- Collaboration with hospitals and 
(other) midwifery practices

- Work processes (for example, 
counseling for prenatal screening, or 
ultrasound facilities).

Care provider satisfaction in both 
groups

Questionnaire - Feasibility

- Effi  cacy of implementation

- Collaboration

- Continuation of intervention
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Follow-up

The follow-up period consists of 6 weeks. Details of pregnancy, delivery, and maternal 
follow-up will be recorded after 6 weeks in a case record form. If necessary, medical 
records of newborns will be requested (if consent is provided).

Ethical considerations

This study has been approved by the Ethics Committee of the Erasmus Medical Center 
Rotterdam (Ref. No. MEC-2012-322) and by the management of participating hospitals 
that requested an extra review.

All participants will receive written and oral information about the study, after which 
informed consent will be obtained. Participation is voluntary and no extra incentives will 
be provided.

STATISTICS

Sample size

The sample size is determined by focusing on the primary objective of the trial: the 
eff ectiveness of systematic antenatal screening on adverse small for gestational age 
(<10th percentile) and preterm birth (gestational age below 37 weeks). In this cluster-
randomized trial, sample size depends on (1) the average risk of small for gestational age 
and preterm birth without the intervention (π0); (2) the expected eff ect of the interven-
tion (π1); (3) the infl ation factor refl ecting the partial similarity/dependency of women’s 
outcomes or responses within the same cluster; (4) the α; and (5) power (1-β) of the test.

Based on data from the Dutch perinatal registry15, the average prevalence in our 
selected zip code areas in the years 2000 to 2008 was 16.7%. In the intervention group, 
we expect a prevalence of 13% at the end of the study period. The average prevalence 
of both primary outcomes in the Netherlands was 12% for the years 2000 to 200815, 
and we expect a decline towards this prevalence during our study period. The infl ation 
factor was estimated to be 2.06.18 This factor refl ects the design eff ect of a cluster trial, 
and takes into account the degree of similarity among responses within a cluster. With 
fi ve municipalities in each group (a total of ten clusters) and an alpha of 0.05 (two-sided 
test), 7,000 participants (3,500 per arm) should provide power in excess of 80%. This 
means 700 women are needed per cluster. It is assumed that a diff erence of 150 to 200 
participants between the larger and smaller clusters has no implications for the out-
come.17
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Data analysis

Data will be analyzed according to the intention-to-treat principle. The eff ectiveness 
of the R4U scorecard, corresponding care pathways and multidisciplinary consultation 
versus conventional antenatal healthcare (measured as the diff erence in small for gesta-
tional age and preterm birth between both groups) will be assessed by using multilevel 
logistic regression with random eff ects. Results will be presented as eff ect estimates with 
a measure of precision (95% confi dence interval). Data will be analyzed anonymously 
on two levels: the maternal and the municipal level. To guarantee anonymity, we will 
not analyze the data on community practice or at the hospital level. Study participants, 
municipalities, and community practices or hospitals will not be traceable. Other 
analyses related to our intervention are based on diff erences in other birth outcomes 
(for example, Apgar score), the number of referrals between community midwives and 
gynecologists, adequacy in risk assessment (for example, detection of growth restriction 
in the antenatal phase), and the contribution of nonmedical risk factors to adverse birth 
outcomes between the intervention and control group. These outcomes will be assessed 
with univariate and multivariate regression analysis with 95% confi dence intervals.

DISCUSSION

The main objective of this trial is to investigate the eff ectiveness of a new system-
atic approach in antenatal healthcare on adverse pregnancy outcomes and effi  cacy of 
implementation. We will implement and investigate the Rotterdam Reproductive Risk 
Reduction (R4U) scorecard and corresponding care pathways in 14 municipalities.

The study meets the current evidence to intervene early in pregnancy upon (modifi -
able) risk factors associated with adverse perinatal health outcomes. We aim to target a 
population that potentially will benefi t the most with the use of selected geographical 
areas. With the use of care pathways, optimal linkage is sought between curative and 
preventive care, such as public health, government, and social welfare organizations.14

To our knowledge, this is the fi rst approach in antenatal healthcare whereby systematic 
risk selection for both medical and nonmedical risk factors, variable thresholds, tailor-
made care pathways, and structured consultation between midwives, gynecologists 
and other care providers are combined. This study will introduce a systematic approach 
in antenatal health care, which may improve perinatal outcomes and, thereby, future 
health status of a new generation in the Netherlands.
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ABSTRACT 

Objective The aim of this process evaluation was to evaluate the implementation the 
risk assessment (RA) sub-study within the national Healthy Pregnancy 4 All (HP4All 
study. The HP4All study was a complex programmatic intervention within a municipal 
setting in which optimal linkage was sought between curative and preventive ante-
natal healthcare. The RA intervention consisted of the implementation of a systematic 
scorecard-based risk screening in pregnancy during the fi rst antenatal visit in 11 mu-
nicipalities, in case risks were detected then subsequent patient-tailored care path-
ways and consultation of professionals from diff erent medical and social disciplines 
were put in place. 

Methods To evaluate adoption and implementation of the RA approach in an antenatal 
healthcare setting, we used an existing framework for the development of a program 
implementation monitoring plan with specifi c attention to the setting and context of 
the program. We performed triangulation of data from multiple data sources and ap-
plied pre-specifi ed criteria for evidence of implementation to examine the evidence 
for implementation. 

Results Six out of 11 municipalities (54%) met our criteria of implementation for the 
entire risk assessment program, whereas 3 of 11 (27%) met the criteria if the three 
components of implementation (scorecard-based risk screening, care pathways and 
multidisciplinary consultations) were analysed separately into more depth. 

Conclusions The results of this process evaluation will be used to assess program 
implementation of HP4All for summative and formative purposes, and to get a better 
understanding of the associations between specifi c program elements and program 
outcomes.
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INTRODUCTION

After the European PERISTAT-1 study showed that perinatal mortality was substantially 
higher in the Netherlands in comparison to other European countries 1, practitioners, 
researchers, politicians and the Ministry of Health, Welfare and Sports have undertaken 
numerous actions to improve perinatal outcomes. Research revealed that in 85% of 
all cases mortality was preceded by perinatal morbidity (e.g. preterm birth, small-for-
gestational age, suboptimal start or congenital anomalies). 2 Besides our relatively 
unfavourable position compared to surrounding countries, large inequalities within 
the Netherlands were observed.3 Poor outcomes were more prevalent in deprived areas 
and were often associated with socio-economic and ethnic minority related risk factors 
such as low-income or less integration into society.3 4 This information made perinatal 
mortality an important political and social issue, which led to many national and local 
initiatives in the Dutch antenatal healthcare fi eld (obstetric and midwifery system). 

The Healthy Pregnancy 4 All (HP4All) study was initiated in 2011 by the Erasmus 
University Medical Centre with support of the Ministry of Health, Welfare and Sport to 
implement strategies to improve perinatal outcomes with special focus on deprived 
areas. The selection of neighborhoods was based on the presence of an elevated inci-
dence of adverse perinatal outcomes (above both the national and municipal average).5 
The ‘Ready for a baby’ program, a prior program in the city of Rotterdam, provided the 
framework for this national study.4 It was within the Ready for a baby program that 
several instruments for the HP4All study were developed and piloted.6 These former ex-
periences were used to further improve and implement the tool in other municipalities 
with high perinatal mortality and morbidity in the HP4All study. 

The main purpose of the HP4All study was to evaluate the eff ectiveness of two in-
terventions in 14 municipalities to prevent and reduce adverse pregnancy outcomes; 
(1) the preconception care sub-study, a population-based prospective cohort study 
focusing on the feasibility and eff ectiveness of customized preconception care, and (2) 
the risk assessment sub-study, a cluster randomized trial to investigate the eff ectiveness 
of scorecard-based antenatal risk assessment to identify women early in pregnancy at 
risk for adverse pregnancy outcomes.5 

This paper focuses on the risk assessment (RA) sub-study. Despite increasing evidence 
for the association between non-medical risk factors (e.g. single parentship, employ-
ment status, education level, or fi nancial debts) and adverse pregnancy outcomes 3, 
current risk assessment in the antenatal period focuses on medical risk factors mainly.7 8 
Furthermore, the presence of multiple (non-medical combined with medical) risk fac-
tors could have an accumulative eff ect, known as risk accumulation. This eff ect warrants 
comprehensive risk assessment including non-medical risk factors which is the key-
principle of the RA sub-study.9 10 
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A complex structural intervention such as the RA sub-study depends on the participa-
tion of local healthcare professionals in the participating municipalities. These diff er-
ences in context and setting make implementation monitoring essential. The aim of this 
process evaluation is to monitor and document the program implementation and to 
get a better understanding of the associations between specifi c program elements and 
outcomes. 

This process evaluation was designed to answer the following questions: (a) Were 
all elements of the RA intervention delivered by the HP4All team (dose delivered)? (b) 
To what extent were the interventions within RA program implemented by healthcare 
professionals (dose received)? (c) To what extent did local caregivers and local project 
coordinators provide support for the new approach in risk assessment (fi delity and com-
pleteness)? (d) How many local health care professionals were involved throughout the 
project, and how many study participants were reached (reach)? (e) Will midwives and 
gynaecologists continue with the intervention as implemented (participant responsive-
ness)? 

METHODS 

To evaluate the process of implementation of the RA sub-study in an antenatal health-
care setting we used guidelines by Saunders et al. on the development of a program 
implementation monitoring plan.11 12 A process evaluation for a complex intervention 
cannot provide a detailed understanding of all activities as this is not feasible because of 
variability in organizational aspects and environmental targets of changes. Rather, this 
implementation monitoring plan was used to identify patterns that provide evidence for 
implementation by triangulation data from multiple data sources.12

The seven steps methods by Saunders et al. was used to analyse and report implemen-
tation dose, reach, and fi delity and completeness of the implementation. These steps 
are based on guidelines for developing a program implementation monitoring plan 12, 
and methods for assessing implementation at an organizational level.13 Saunders’ steps 
describe the 1) setting, context, and program; 2) complete and acceptable delivery of 
the program; 3) development of implementation monitoring methods; 4) development 
of criteria for evidence of implementation; 5) collecting and organizing data during 
program implementation; 6) applying criteria for evidence of implementation; 7) and 
use of implementation data. 

Step 1: Setting, Context, and Program

The setting for the RA sub-study within the HP4All study was the Dutch antenatal 
healthcare fi eld (obstetric and midwifery system). The Dutch antenatal healthcare fi eld 
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is unique in that it is divided into three levels (‘tiers’) with a distinction between low- and 
high risk pregnancies. The fi rst provides care to low risk pregnancies and care is provided 
by community midwives or occasionally by general practitioners. The second tier is 
meant for pregnancies with one or more predefi ned risk factors and care is provided by 
gynaecologists. 7 8 The third tier is reserved for severe maternal or fetal morbidity and 
(threatening) prematurity (<32 weeks of gestation). It is provided in tertiary centers with 
an obstetric ‘high-care’ department and neonatal intensive care unit.14 Classifi cation into 
low and high risk pregnancy and indications for referral from the fi rst tier to the second 
tier are described in the “List of Obstetric Indications”.7 8 15 It describes general medical 
and obstetric risk factors. Since the last update in 2003 there is increasing evidence for 
the infl uence of non-medical risk factors (socio-economic status, lifestyle or ethnicity) 
on adverse perinatal outcomes, 10 16 17 but these risk factors are usually not considered in 
current antenatal risk assessment.18 

In 2009 the Ministry of Health, Welfare, and Sports established a Steering Group on 
‘Good care during pregnancy and child birth’ to report a set of recommendations to 
improve the Dutch antenatal healthcare system.19 Shortly afterwards a scientifi c report 
presented a comprehensive analysis of national perinatal data, an overview of knowl-
edge gaps and a proposition for a research agenda in perinatal care and health.20 Both 
reports underscored the need for closer collaboration between community midwives 
and gynaecologists. This was also emphasized by the Dutch Foundation for Perinatal 
Audit. 21 

The Risk Assessment sub-study in HP4All
The RA sub-study was designed as a cluster randomized controlled trial on municipal 
level.22 The intervention in the RA sub-study consisted of systematic scorecard-based 
risk selection using the R4U (Rotterdam Reproductive Risk Reduction) scorecard in 
pregnant women at the fi rst antenatal visit. Subsequent patient-tailored care pathways 
and consultation of professionals from diff erent medical and social disciplines were 
off ered in case risks were detected. The R4U scorecard covers 70 items divided into six 
domains (social status, ethnicity, care, lifestyle, and medical and obstetric history. The 
R4U scorecard gives a weighted score to every pregnant woman. If the score exceeded a 
predefi ned cut-off  point, her risk profi le was discussed in a multidisciplinary consultation 
(MC) between community midwives, gynaecologists and other invited non-obstetric 
care providers (e.g. social workers).23 This cut-off  point is adaptable to local availability of 
resources, but we aimed to have at least the upper 20% of all cases being discussed. The 
MC provides the opportunity to utilize a multidisciplinary view to customise antenatal 
policy in order to meet the individual pregnant woman’s need. 

All community midwives and gynaecologists providing care to women living in the 
selected zip codes were invited for participation in the RA sub-study. Initially, 14 mu-
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nicipalities participated in the HP4All study. Due to extensive collaboration between 
obstetric caregivers in the north of the Netherlands, four small municipalities and 
one large municipality were combined to form one cluster of randomisation. Thus ten 
clusters were randomly assigned to either the intervention (n = 5) or the control group 
(n = 5). The use of the R4U scorecard and corresponding care pathways in the inter-
vention group were compared to regular antenatal healthcare in the control group. In 
municipalities allocated to the intervention group, midwives and gynaecologists used 
the R4U scorecard during every fi rst antenatal visit (provided that informed consent was 
given by the pregnant woman). Care pathways were designed for each risk factor in the 
R4U scorecard (i.e. a separate pathway for housing problems, fi nancial issues and illicit 
drug use). They are fl owcharts with instructions and contact details for referral in case a 
specifi c risk factor is detected. Local healthcare professionals from both perinatal care, 
municipal health services, and other services, adapted templates of care pathways to 
the local setting for all risk factors in the R4U scorecard. The availability of local facilities, 
agreements, and guidelines were incorporated.6 22

Pregnant women in the control group received regular antenatal health care. After 
the inclusion of 700 participants or after two-third of our study time was completed (2 
years), the control group in each particular municipality also started implementation of 
the intervention. At the end of the study period, we aimed to have implemented this 
new approach in all 14 municipalities. Supplement 5.1 depicts the proposed strategy for 
rollout of key elements and corresponding timeframe of the RA sub-study. 

In this process evaluation of the RA sub-study we focus on the eff ectiveness of imple-
mentation in terms of eff ect of implementation on individual behavior of midwives and 
gynaecologists and the organizational outcomes in the antenatal care as specifi ed in the 
logic model (Supplement 5.2). To assess actual implementation in the RA sub-study the 
extent to which the R4U scorecard was used, care pathways were applied, risk profi les 
were brought into MC’s, and project meetings were attended was assessed according to 
the predefi ned implementation criteria. 

Implementation approach
The overall implementation goal of the RA sub-study was to introduce systematic 
antenatal risk assessment using the R4U scorecard, facilitated with the introduction of 
corresponding care pathways and MC’s in the HP4All municipalities. The project team 
and local municipal project coordinators served as organizational ‘change agents’ as 
they implemented the intervention within their respective municipalities.24 Change 
agent capacity is needed to create a sustainable environment (e.g. care pathways and 
MC’s) and resources (availability of supporting organizations as social workers, fi nancial 
resources) to secure the antenatal risk assessment as planned.
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Two key elements of the implementation approach were 1) the local municipal project 
coordinators, community midwifes and gynaecologists working in partnership, and 2) 
design of the RA intervention as a standardized process within routine antennal health-
care to facilitate the organizational change in antenatal risk assessment. This design 
included training, technical assistance and availability of support to develop change 
agent capacity. 

These criteria resulted in targeted goals for optimal RA implementation for the HP4All 
staff  and local project coordinators (see step 2 below). Changes by local healthcare 
professionals were expected to improve the perinatal health by improving quality of 
antenatal health care - specifi cally by systematic risk screening and multidisciplinary 
collaboration between healthcare professionals. Initially this eff ect on perinatal health 
and delivery of antenatal care was proposed to occur within the geographic study areas. 
However as the care system evolves and best practices can be passed on by care provid-
ers, eventually more pregnant women living in these municipalities can benefi t from 
the project. 

We used a logic model to describe the purpose, strategies, and expected impacts and 
outcomes of the intervention (supplement 5.2).11 25 The logic model is a framework to 
provide understanding of the program and to form a basis for its evaluation. It describes 
the logical relationships between the resources and activities (inputs), the outputs and 
impacts, and the (organisational) outcomes of a program related to a specifi c situation.26 
The logic model was developed at the beginning of the project and describes how the 
implementation process was expected to create optimal RA implementation and facili-
tate behavior change among healthcare professionals (row 1 in supplement 2). It was 
also used to organize the evaluation and implementation monitoring plan (rows 2 and 
3 in supplement 5.2). 

Ethics
The HP4All study has been approved by the Medical Ethical Committee of the Erasmus 
Medical Centre Rotterdam (MEC 2012-322), and by the management of all participating 
caregivers. Pregnant women receive written and oral information about the study. Par-
ticipants are asked for their written informed consent. Informed consent was obtained 
from all individual participants included in the study.

Step 2: Complete and acceptable delivery of the program

The elements fi delity, dose, and reach are recommended to evaluate the completeness 
and acceptability of the program implementation.12 Fidelity is a measure for quality of 
implementation, and describes to what extent the intervention was implemented as 
planned in the original program. In the RA sub-study, fi delity corresponds to the extent 
in which the implementation of the R4U scorecard, care pathways and MC’s were car-



82 Chapter 5

ried out by program implementers (midwives and gynaecologists). Dose of a program 
is divided into two elements: dose delivered and dose received. Dose delivered (com-
pleteness) describes to what extent all elements of the program were implemented. 
Dose received (exposure or satisfaction) explains to what extent program implementers 
are receptive to the program implementations. In our study, we measured satisfac-
tion among midwives and gynaecologists and study participants as a proxy for dose 
received.12 Program reach refers to the rate of involvement and representativeness of 
program implementers.27 In the RA sub-study, we registered the number of participating 
midwives and gynaecologist, and the number of pregnant women living in one of the 
selected zip-code areas that participated in our study. 

For the process evaluation we were also interested in participant responsiveness. 
Participant responsiveness refers to the degree in which the program stimulates the 
interest and creates persistent attention of program implementers.27 In the RA sub-
study, this refl ects the intention of caregivers to continue with the diff erent aspects of 
risk assessment in our program after the study period. 

Step 3: Implementation Monitoring Methods

Implementation of RA included three components: the R4U scorecard, care pathways, 
and MC’s. The development of implementation monitoring methods, as presented in 
table 5.1, involved 1) developing detailed questions to evaluate the process; 2) deter-
mining methods for process evaluation: data sources, instruments, and data collection 
procedures based on these questions; and 3) considering program resources, charac-
teristics and context.12 This planning process resulted in the fi nal process evaluation 
plan with multiple data sources and organizational levels (administrative, health care 
professionals involved, local project coordinators, social services) with a variety of 
data collection tools and procedures. The use of multiple data sources enabled us to 
triangulate information from diff erent levels and perspectives in order to generate a 
more complete understanding of the eff ects of project activities on implementation and 
perinatal outcomes.11 

The fi nal RA sub-study process evaluation and implementation monitoring plan, 
organized by the logic model (rows 2 and 3 in supplement 5.2) 28, included fi delity and 
completeness, dose, reach and patient responsiveness. The instruments (data sources) 
used for the process evaluation included 1) a project logbook recorded during the 
whole study period in which contact moments with project coordinators, midwives, 
gynaecologists municipal, and local social services were listed (often in project 
meetings), 2) a study logbook in which each practice and hospital recorded all eligible 
pregnant women during the study period, 3) number of completed R4U scorecards, 4) 
an end-of-intervention assessment to monitor the implementation results at the end of 
the intervention on caregiver level, 5) a caregiver satisfaction survey at the end of the 
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project, 6) a care pathway development observation, 7) observation of the formation 
and functioning of MC‘s by the investigators, and 8) observation of the involvement of 
local project coordinators. All process items were assessed according to a predefi ned 
rating scale and were completed by the investigators at the end of the 3-year RA sub-
study.

The evaluation of the RA sub-study is divided into two parts: the risk assessment pro-
gram in its totality (part 1), and the three components of the RA sub-study separately 
(part 2). Part 2 was introduced to observe the extent of implementation in more detail, 
allowing the ability of tailored recommendations on municipal level. The instruments, 
data sources, numbers of items, variable descriptions, sample items, rating scales or cod-
ing, and implementation criteria variables are presented in table 5.

Step 4: Criteria for Evidence of Implementation

To determine the evidence of implementation, we set criteria for per data source and 
with regards to how many data sources provided evidence. These criteria were specifi c 
to each instrument within the RA sub-study and depended on the response scale and 
the range of responses (table 5.1).11 As in the ENRICH program of Saunders, we decided 
to see an implementation rate of 70% or higher, or the top 2/3 score as evidence for 
implementation, depending on the rating scale used for a particular data source. The 
implementation criteria were adapted from the results from a review by Durlac and 
DuPre on implementation work, indicating that 60% implementation produces positive 
results and that implementation above 80% is rare.27 As they did, we based their cri-
terion on the extent to which fi ndings were confi rmed by multiple data sources. Our 
implementation criterion was that at least 3 out of 4 data sources confi rmed fi ndings 
within the entire RA program evaluation (part 5.1), and at least 8 of out 10 data sources 
confi rmed fi ndings within the three separate implementation elements (part 2). The 
“Implementation Criteria” are presented in table 5.1. 

For overall implementation of RA at municipal level, a municipality was classifi ed as 
“high implementers” if they met the criteria in both part 1 and part 2 (a sum score of 2 
out of 3 in the column ‘risk assessment’, and a sum score of 5 out of 8 in the other col-
umns) and as “medium/partial implementers” if they met the criteria in either part 1 or 
part 2. Initially, we combined 4 small municipalities and 1 large municipality as one unit 
of randomisation because of announced extensive partnerships between caregivers. 
However, during the project we reconsidered this decision because these municipalities 
went through strictly diff erent processes during the project. As a result, two separate 
groups were formulated for the implementation of care pathways and MC’s. This resulted 
in the evaluation of 11 municipalities instead of the above mentioned 10 municipalities.
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Step 5: Collect and Organize Data

Data for the assessment of implementation were collected by the investigators, research 
midwives, and healthcare professionals. This data was recorded in Excel spread sheets 
and analyzed with SPSS version 20 to create scores based on variable defi nitions. 

The establishment of implementation criteria was often the result of a combination 
of items, which in turn had their own rating scale. For example, the implementation 
criterion ‘completeness of the implementation’ was achieved by the combination of 4 
items: primary user, time periods in which the R4U scorecard was used, eventual pro-
longation of the scheduled booking visit, and potential external infl uencing factors. For 
each of these items, an individual rating scale was determined. For example, for the item 
‘primary user’ 3 points were rated in case a midwife or physician was the primary user, 2 
points in case of research nurse, 1 point in case of practice assistant, and 0 points if an 
external person (e.g. a medical student) fi lled out the R4U scorecard. All these ratings 
were allocated on practice level, and then the municipal average of all participating 
practices was calculated to determine if the implementation criterion was achieved on 
municipal level (as presented in table 5.1). An overview of all variables, items, rating 
scales and allocation of scores per data source is available upon request. 

RESULTS 

Step 6: Criteria for Evidence of Implementation

In table 5.2 we present the evidence for implementation for the overall HP4All Risk 
Assessment program (part 1) and the three components of this sub-study (part 2) sepa-
rately. Evidence for implementation is presented for each item, considering multiple 
data sources. The two summary columns indicate the number of data sources that meet 
the overall criteria for implementation. 

In total, 6 of the 11 municipalities (54%) met our criteria of implementation for the en-
tire risk assessment program (part 1). These include four ‘intervention’ and two ‘control’ 
municipalities. If we look in more detail to the extent of implementation of the three 
components separately, 27% of the municipalities met the criteria of implementation 
if the three components were analysed into more depth. In supplement 5.3 we pres-
ent a summary of implementation based on the entire program (part 1) and the three 
components separately (part 2). Three municipalities (27%) were indicated as ‘high 
implementers’ as they met the criteria for part 1 and part 2. These were all ‘intervention’ 
municipalities. Three municipalities were classifi ed as ‘medium implementers’ (27%) and 
the remainder (46%) did not meet the criteria for implementation. 
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Step 7: Use of Implementation Data

The present data can be used to group municipalities by level of implementation. By 
comparing municipalities with high implementation rates with the municipalities 
with low implementation rates, contextual factors can be identifi ed that can provide 
understanding for the level of implementation and the eff ects on pregnancy outcomes 
(which await assessment). Furthermore they can be useful for formative purposes: how 
implementation in the future can be improved in similar or comparable contexts. The 
process evaluation was designed to evaluate the completeness and acceptability of a 
program evaluation including dose, fi delity, reach and patient responsiveness.

Reach and dose delivered 
All municipalities agreed to participate in the HP4All study and only 3 midwifery practices 
opted not to participate in the RA sub-study. In total 36 community midwife practices 
and 15 hospitals participated.

Due to the design of the study, the degree of implementation diff ered considerably 
between ‘intervention’ and ‘control’ municipalities. Although control interventions were 
off ered the opportunity to implement the intervention after they had included a maxi-
mum number of subjects for the study, implementation rates were the highest amongst 
municipalities that had been allocated to the intervention from the beginning of the 
program. Within 8 municipalities (6 intervention and 2 control municipalities) caregivers 
used the R4U scorecard at the end of the project. Two control municipalities intend to 
implement the R4U scorecard in the near future. They delayed this as they were facing 
other organizational changes within their practices. Care pathways have been developed 
in in all except one municipality. This is a high rate, especially as control interventions 
did not have access to the R4U scorecard until they had included the agreed number of 
subjects that had undergone routine care. 

At the onset of the study, multidisciplinary consultations between community mid-
wives and hospital caregivers already existed in 6 municipalities. In 2 municipalities, 
these consultations were implemented by the project team. In the remainder, imple-
mentation of such consultations failed due to various reasons which we will elaborate 
in the discussion. Within each municipality resources were allocated at the start to ap-
point a local project coordinator to support implementation during the project period. 
However, in 3 municipalities there was a lack of continuity in the availability of project 
coordinators. This was because it took time before a project coordinator was allocated 
or because project coordinators shifted (due to maternity leaves or reorganizations). 
Furthermore they were not always available for the requested amount of hours. The 
degree of availability seem to play a role since almost all ‘high implementers’ had an 
excellent score on the availability of project coordinators. 
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Dose received and participant responsiveness 

All except one municipality rated the RA sub-study satisfactory to excellent. Caregiv-
ers were the most satisfi ed about the implementation of care pathways. They often 
reported that the project had resulted in new collaborations with partners in the 
‘non-medical’ fi eld such as social workers and the municipal health services. We tried 
to reduce ‘organizational hassle’ by providing caregivers with direct contact details of 
appointed responsible partners in the organization included in care pathways. This was 
evaluated positively by almost all caregivers. The MC’s were also evaluated positively 
by all caregivers. Both community midwives and hospital caregivers indicated that the 
MC’s were a good way to discuss patients and they often reported that they felt it had 
improved collaboration. In the used version (in which the scorecard was integrated in 
a webbased application) the R4U scorecard was perceived as cumbersome and time-
consuming as caregivers had to impute patient information twice: in the application 
and in their own software system. They were motivated to do this during the program 
as they acknowledged the importance and advantages of systematic risk screening. 
However, integration of the R4U scorecard with their own administrative systems would 
be a requirement to proceed with such risk screening in the future.

Fidelity 

Fidelity and completeness are illustrated in part 2 of table 5.2. The R4U scorecard was 
fi lled oud completely in almost most cases. The primary user was the intended user 
(midwife or hospital caregiver) in most cases. However in some hospitals they delegated 
the task to impute the R4U to research midwives. Women were asked at their booking 
visit to participate, but < 50% of all women participated in the study (written consent). 
The most important reasons were 1) women refused to participate in the RA sub-study 
(41%), 2) women did not live in the selected neighbourhoods (22%) or 3) there was a lack 
of time to ask women for their participation as the outpatient consultation clinics were 
too busy (15%). The majority of caregivers prolonged the time of the fi rst antenatal visit 
to complete the R4U scorecard (70%). In one municipality, caregivers did not complete 
the R4U itself but only registered those risk factors from the R4U which were not in-
cluded in their routine booking procedure. They received weekly assistance form project 
members to complete the scorecards itself. 

All but one municipality started with the development and implementation of care 
pathways. Overall, 63% of the participating practices indicated that they used the care 
pathways daily or weekly. Where MC’s were available, most cases where the R4U score 
exceeded the threshold were discussed. In some municipalities even all new pregnant 
women were discussed. Overall both community midwives and hospital caregivers 
discussed their cases. However data obtained from diff erent collaborating practices in 
one municipality was confl icting. One practices stated that cases from both tiers were 
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discussed, while other practices mentioned that only cases from midwifery practices 
were discussed. 

DISCUSSION 

In this process evaluation we aimed to evaluate the implementation of a novel risk 
assessment strategy within the RA sub-study of the HP4All study. The intervention is 
introduced into the existing antenatal healthcare setting that serves the local potential 
high-risk population with regard to non-medical risks in particular. Therefore, it is a 
complex structural intervention in which optimal linkage is sought between curative 
and preventive care, such as community midwives, gynaecologists and professionals 
in the public healthcare echelon as well as social welfare originations.29 For this process 
evaluation we applied the seven-step process described by Saunders et al to the RA 
intervention. They advocate their method to be particularly applicable to ‘complex 
interventions to change organizational policies, practices, procedures or environments 
to improve services or outcomes in diverse settings ’ such as our intervention.12 In this 
study we focused attention on an intervention in the antenatal healthcare fi eld whereby 
implementation of a systematic risk assessment approach was evaluated according 
to a predefi ned implementation monitoring plan. In accordance to previous studies 
on implementation monitoring, we found large diff erences in implementation rates 
between municipalities.12 27 In our study, 3 municipalities met the criteria for complete 
implementation. The prior mentioned studies revealed that this variability can be due to 
constant variability in contextual factors such as organizational characteristics, availabil-
ity of resources, complexity of the setting, and time required for organizational uptake of 
our new approach in antenatal healthcare.12 30 Additionally, our Dutch antenatal health 
care system provides some specifi c contextual challenges. Community midwives in the 
primary level of care and gynaecologists in secondary and tertiary care are autonomous 
professionals operating in their own tiers of care in the antenatal system. This fragmented 
organization can be challenging.31 The implementation of our new approach in risk as-
sessment and collaboration primarily required a mind shift in the approach of antenatal 
risk assessment amongst healthcare professionals, policy makers and the public health 
sector in each municipality. The realisation that change is needed has shown to be an 
important success factor for implementation.6 We therefore might have benefi tted from 
the fact that we conducted our study in a period of time in which antenatal healthcare 
and perinatal health were a high priority fi le for policy makers. The current system and 
collaboration between community midwives and gynaecologists was scrutinized when 
it became clear that the Netherlands had a disadvantaged position in perinatal health 
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compared to its surrounding countries.6 This led to many projects and studies to identify 
underlying causes and best practices.19

 As happened in the two municipalities with the lowest implementation rates, it was 
easy for healthcare professionals to be overwhelmed with all these (often competing) 
initiatives that required their participation and collaboration. The abundant number of 
initiatives made that it took a long time before caregivers in these two municipalities 
would agree to adopt and integrate our intervention into their daily care. As a con-
sequence of this delay and the circumstances these two municipalities (eventually) 
agreed to only develop care pathways but to postpone the use of the R4U scorecard and 
integration of care pathways. This also explains why all care pathways have already been 
developed, but that the R4U scorecard not yet had been used in these municipalities. 

Other external factors that may have infl uenced the level of implementation are 
competition between healthcare professionals to reach their target number of pregnant 
women for competing (fi nancial reasons), pre-existing impeding collaboration between 
the fi rst and second tier of care or between midwifery practices, or unforeseen organiza-
tional circumstances such as reorganisations. In cases where the competition between 
practices was high and there were other impediments to collaboration, we saw that the 
R4U scorecard was only used within the practice, but subsequent actions such as the 
discussion of high risk cases in multidisciplinary consultations did not occur. Unforeseen 
organizational circumstances often resulted in temporary use or discontinuation of the 
R4U scorecard. 

It is also essential to note that until recently the delivery of obstetric care was seen as 
a responsibility of the curative sector (healthcare professionals such as community mid-
wives and gynaecologists), whereby the involvement of the preventive sector (public 
health) was restricted to occasional lifestyle promotion and provision of information. At 
the beginning of the Healthy Pregnancy 4 All study, close collaboration between both 
sectors was very uncommon. Surprisingly, the diff erent care echelons started to collabo-
rate in almost all of the municipalities to developed and implement care pathways. Prior 
to the study, these collaborations were virtually non-existent. Caregivers indicated that 
– although often faced with non-medical risk factors – it is still not their core business. 
Participating in the HP4All study gave professionals from diff erent echelons an opportu-
nity and a motive to get acquainted with one another and each other’s potential roles in 
antenatal risk assessment and intervention. Perhaps this was a large unforeseen benefi t 
of the program, with benefi ts for the future if networks are sustained locally.

Strengths and limitations 

Time restraints contribute to the variability in our implementation rates. It was quite 
challenging to achieve organizational change in such a relatively short period of time. 
This process was complex because it included the initiation of a whole new concept 
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of risk assessment and intervention including collaboration with new partners from 
another sector, in a healthcare system exposed to political interference. However, we 
achieved that all municipalities agreed to participate in our study, that they invested 
in local project coordinators and that extra resources were allocated where necessary. 
In municipalities new partnerships between the curative and preventive sector arose 
or were intensifi ed, and almost 3000 pregnancies were subjected to our novel risk 
assessment intervention. Although complete implementation was not reached in all 
municipalities, the sub-study triggered all involved professionals that risk assessment in 
early pregnancy is important and that identifi ed risks need intervention because of det-
rimental local perinatal mortality and morbidity rates.5 That the program had succeeded 
in creating an urgency to innovate in risk assessment was visible in local participation, 
attendance of project meetings and in the commitment of social welfare organizations, 
and support of local and national authorities.

The study also had unintended positive eff ects that will support future implementa-
tion. Three municipalities embedded the project goals in their formal local health policy. 
The requirement of care providers that the R4U would need to be integrated into exist-
ing software systems was met to stimulate continuation of the risk assessment strategy 
after the project. Lastly, a follow-up study is planned for the next three years (Healthy 
Pregnancy 4 All 2) allowing us to maintain, improve, and further promote sustainability 
of the achieved outcomes in risk assessment and collaboration investments of the last 
three years. With this project we also identifi ed the need to examine other factors that 
might infl uence the levels of implementation, such as which moment in care would be 
optimal for risk scoring and which multidisciplinary agreements would be valuable to 
align collaboration and responsibilities of involved professionals. 

Our study also faced some limitations. Contextual factors were challenging and could 
not have been foreseen when the project was planned. For the implementation of such 
a new approach in antenatal risk assessment, professionals from obstetric care, social 
welfare, and community health services should agree on the comprehensive risk concept 
as a starting point to collaborate. However, in some municipalities this was a challenge 
due to existing inter-professional communication barriers. This could not always be 
mitigated by the project team or local project coordinators acting as our change agents. 
Contextual factors such as these are diffi  cult to foresee in the phase that intervention 
programs are designed, perhaps such complex interventions warrant longer project 
duration. The design of our study formed a complexity for implementation. The fact that 
we had made municipalities aware of their local perinatal health statistics and allocated 
them to be ‘a control’ seemed contradictory to ambitions to intervene. The control status 
was felt as a negligent attitude by local health authorities. To them, participation in the 
control arm of the study seemed to demand a large eff ort without direct benefi t. We 
were lenient to this aspect and off ered them the opportunity to cross-over to use of 
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the R4U after they had reached a certain amount of included participants. However, 
whilst doing so it seems that we did not succeed to the fullest in engaging ‘control’ 
municipalities to implement our strategy, as implementation rates after the cross-over 
in ‘control’ municipalities were still considerably lower compared than implementation 
rates in intervention municipalities. Perhaps the concept of a RCT is in contradiction to 
other motives of local health authorities. The scientifi c component in our program also 
provided other limitations. Our aim was to reach women in deprived areas – which are 
known to be challenging to reach. 32 Our trial was subjected to medical-ethical require-
ments (e.g. informed consent) which we experienced to be a barrier for participation 
of this particular population. Lastly, we decided to evaluate the RA sub-study in two 
parts: the risk assessment program in its totality (part 1), and the three components of 
the RA sub-study separately (part 2). This was a deliberate choice to be able to observe 
the extent of implementation in more detail. However, fi ndings of part two might be 
overinfl ated for some municipalities because fi ndings from midwifery practices and 
hospitals are pooled. In two municipalities, there was a practice which implemented to 
such a low degree that we could not extract data for our study. We excluded them from 
our analysis, but these municipalities remained ‘high implementers’ because all other 
practices did meet the criteria. 

Conclusion and implications for practice 

The complex intervention in the RA sub-study within the HP4All study makes implemen-
tation monitoring essential. The intervention as implemented provides the opportunity 
to act upon the growing evidence on the association of non-medical risk factors and 
pregnancy outcomes. However, for the implementation of such a new approach in 
antenatal risk assessment, a couple of conditions need to be fulfi lled. First of all, caregiv-
ers need to recognize the benefi t of a non-medical risk screening. This required a mind 
switch amongst healthcare professionals. Identifi cation of barriers might contribute to 
the optimization of risk screening. Secondly, we observed that some modifi cations in 
daily practice are required (e.g. prolongation of the time schedule of the fi rst antenatal 
visit and extra time for multidisciplinary consultations). Health insurance reimbursement 
schemes could provide resources for these modifi cations.6 Thirdly, care pathways should 
be further developed and adapted to local circumstances after fi rst experiences. In our 
study, this process promoted the collaboration between both obstetric caregivers and 
non-obstetric caregivers as those from social welfare, psychiatric and community health 
services. Finally, caregivers – especially in the fi rst tier of care – should be supported in 
the additional tasks associated with research logistics. 

The intervention provides a vehicle for new partnerships between antenatal health-
care between the curative and preventive sector. The results of this process evaluation 
will be used to fi ne-tune implementation of the R4U scorecard and to get a better 
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understanding of the associations between specifi c program elements and program 
outcomes. 
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SUPPLEMENTARY FILES

• 

• 

• 

• 

• 

Supplementary Figure 5.1 Strategy for rollout of the key elements and proposed timeframe of the Risk 
Assessment sub-study.
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Supplement 5.3 Summary of implementation based on the entire program (part 1) and the three compo-
nents separately (part 2). 

Municipality Entire program
Three components 

separately Implementation summary

A High High High/ complete

B High High High/ complete

C High Medium/partial

D Low

E Low

F High Medium/partial

G Low

H High High High/ complete

I Low

J High Medium/partial

K Low

6/11 = 54% 4/11 = 36% 3 / 11 = 27%

3 / 11 = 27%

5 / 11 = 46%
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ABSTRACT

Introduction Growing evidence on the risk contributing role of non-medical factors 
on pregnancy outcomes urged for a new approach in early antenatal risk selection. 
The evidence invites to more integration, in particular between the clinical working 
area and the public health domain. We developed a non-invasive, standardized instru-
ment for comprehensive antenatal risk assessment. The current study presents the 
application-oriented development of a risk screening instrument for early antenatal 
detection of risk factors and tailored prevention in an integrated care setting.  

Methods A review of published instruments, complemented with evidence from cohort 
studies. Selection and standardization of risk factors associated with small-for-gesta-
tional-age, preterm birth, congenital anomalies, and perinatal mortality. Risk factors 
were weighted to obtain a cumulative risk score. Responses were then connected to 
corresponding care pathways. A cumulative risk threshold was defi ned, which can be 
adapted to the population and the availability of preventive facilities. A score above 
the threshold implies multidisciplinary consultation between caregivers. 

Results The resulting digital score card consisted of 70 items, subdivided into 4 non-
medical and 2 medical domains. Weighing of risk factors was based on existing 
evidence. Pilot-evidence from a cohort of 218 pregnancies in a multi-practice urban 
setting showed a cut-off  of 16 points would imply 20% of all pregnant women to be 
assessed in a multidisciplinary setting. A total of 28 care pathways were defi ned. 

Conclusion The resulting score card is a universal risk screening instrument which incor-
porates recent evidence on non-medical risk factors for adverse pregnancy outcomes 
and enables systematic risk management in an integrated antenatal healthcare set-
ting. 
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INTRODUCTION

Perinatal health is a topic of growing international concern. Two subsequent reports 
on perinatal health concluded that within European countries impressive inequalities 
exist in perinatal outcomes.1 2 Evidence from large cohort and registry studies clearly 
demonstrated an equally high impact on perinatal outcomes of non-medical risk factors 
(e.g. social of lifestyle) compared to medical and obstetrical risk factors.3 4 

These etiological studies also showed that the cumulative presence of a set of hetero-
geneous risk factors of moderate importance - rather than the presence of a single large 
risk - underlies most adverse outcomes. This so-called risk accumulation is especially ob-
served in deprived geographical areas characterized by overrepresentation of women 
with low socioeconomic status, single parenthood, migrant status, and numerous as-
sociated risks (medical, non-medical or both).5-7 

More than 85 percent of all cases of perinatal mortality are associated with only four 
adverse perinatal outcomes, either single or combined. These so-called Big 4 outcomes 
include congenital disorders, small for gestational age, preterm birth and / or suboptimal 
start at birth (low Apgar score).8 Big 4 outcomes are in general closely related to medi-
cal and non-medical risk factors. They represent the link between increased perinatal 
mortality rate and their associated risk factors. Many of these risk factors are already 
present at onset of pregnancy.

This new evidence on risk pathways invites to more interdisciplinary collaboration, in 
particular between the clinical working area and the public health domain when non-
medical play an essential role (horizontal integration). In this respect, a comprehensive 
risk model with associated integrated care delivery could underlie the antenatal health-
care system.9 Integrated care aims to ‘deliver services across providers with minimal 
duplication and disruption, and with high-quality outcomes and patient experience’.10 
When translated to antenatal health care with a comprehensive risk model, this implies 
a shared risk, shared management, and shared care provision concept. This comprehen-
sive risk models pays equal attention to medical and non-medical risk factors, both in 
the assessment of risk levels and the therapeutic and preventive measures. 

The relatively unfavourable position of the Netherlands regarding perinatal mortality1, 
in particular in urban areas 11, resulted in the development of shared care as the model 
for antenatal health care.9 This comprehensive model acknowledges the relevance of 
accumulation of heterogeneous risks by introducing universal, broad antenatal risk 
assessment including medical and non-medical risk factors. Broad risk assessment is 
followed by multidisciplinary responsibility to reduce high risk cases.8 12 

However, risk assessment lacked a comprehensive tool as the available routine ante-
natal screening instruments focus mainly on medical factors 13-17 and do not consider 
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risk accumulation as mechanism. The few instruments available are rarely used beyond 
the research setting 16, and not embedded in integrated care settings. 

In response to the need for a comprehensive tool which connects medical and non-
medical risks to integrated pathways, we developed a non-invasive, standardized score 
card for routine use in antenatal health care. The ‘Ready for a baby’ program, a prior ante-
natal healthcare program in the city of Rotterdam 5, provided the framework to develop 
and pilot this instrument in the antenatal healthcare setting.18 The main purpose of 
this universally applicable score card is early identifi cation of women with an increased 
risk for common adverse pregnancy outcomes, notably small for gestational age and 
prematurity. It off ers tailored preventive and curative options for both conventionally 
detected risk factors (e.g. cocaine use), and for non-medical risk factors (e.g. domestic 
violence or fi nancial debts). Following the current ‘developmental origin hypothesis of 
adult disease’, it is in the interest of the future health and development of the child to 
maximize eff orts to reduce avoidable (non-) medical risk factors at the earliest possible 
stage.19 

The aim of this study is to present the further application-oriented development of 
this risk screening instrument for early antenatal detection of risk factors and tailored 
prevention in an integrated care setting. This paper presents an overview of published 
risk assessment instruments, the methodological and clinical considerations of associ-
ated with the development of our instrument, and the application-oriented step from a 
score card risk profi le to an integrated risk modifying approach of detected risk factors 
with the use of so-called care pathways in a multidisciplinary setting. 

BACKGROUND 

In box 6.1 we provide the conceptual framework which illustrates the interaction of non-
medical and medical risk determinants and their infl uence on adverse perinatal outcome. 
Not all underlying mechanisms are revealed. Frequently factors are bidirectional related, 
as has been pointed out by researchers in the area of deprivation research.11 Regarding 
non-medical risk factors, socio-economic status and neighbourhood deprivation are 
most consistently related to adverse perinatal outcome. Socio-economic status can in-
duce adverse perinatal outcome though multiple pathways, most importantly through 
low education and low income levels.20 Previous studies showed that decreased wealth 
and poor housing increase physiological stress.21 Low income levels and deprivation 
are also associated with poor housing, nutritional defi ciencies, and impaired health 
care access.7 11 22 However, to date it is unknown to what extent the eff ect of deprivation 
goes beyond the eff ect of poor individual level of socio-economic status of citizens in 
deprived neighbourhoods.23 24
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Regarding medical risk factors, several diseases or disease-related pharmaceuticals 
directly aff ect perinatal outcome. Eff ects are induced by the disease itself (e.g. increased 
risk for growth restriction in some auto-immune diseases) or can be more indirectly 
related (e.g. the increased risk for still birth in poorly regulated diabetes mellitus). Most 
obstetric adverse outcomes show an increased recurrence rate in subsequent pregnan-
cies. 

Lastly, non-medical risk factors also act indirectly through their general adverse health 
eff ects: low socio-economic status is associated with a higher prevalence and poor 
prognosis for most common diseases, and may decrease life expectancy up to 10 years 
in developed countries.25 26 

METHODS 

General

Our risk assessment instrument, the so-called Rotterdam Reproductive Risk Reduction 
(R4U) score card, was designed as a professional based risk assessment instrument ap-
plicable during the fi rst antenatal visit. The fi rst antenatal visit takes normally takes place 
before the 12th week of gestation. It focused on risks associated with the occurrence 

Box 6.1 Pathways of medical and non-medical determinants leading to adverse pregnancy outcome. 

Early detection  

Neighbourhood deprivation
Low socio-economic status (low income level, low 
education level including cognitive impairment, low 

professional level )
Social isolation

General history related  risk factors 
Obstetric related risk factors    

1.Higher prevalence of non-medical 
risk factors (e.g.  unemployment, 

poor working conditions, poor 
housing, poor nutrition, poor social 

support) 
2.Stress, psychiatric, psychosocial, 

addiction

3.Lifestyle risk factors (smoking, alcohol, 
drug use, obesity)

4.Inadequate self-help, restricted health 
care access, delayed and inadequate use 
of health care, poor health care insurance 

status, poor health literacy 

5.Pregnancy related complications 
(e.g.  recurrence risk) 

6.Disease-induced or disease 
related complications 

Adverse Perinatal Outcome
(Perinatal morbidity & mortality)

Risk accumulation

Early detection   extra attention

Medical risk factorsNon-medical risk factors
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of Big 4 outcomes at birth, and with perinatal mortality. Risks may have a medical or a 
non-medical background. 18 The R4U scorecard can be used as stand-alone or combined 
with other tests. The latter means that the scorecard could also be combined with other 
(pre-existing) screening tests if more extensive screening on specifi c risk factors is nec-
essary (triage purpose). The fi nal aim of the scorecard was to link responses to clinical 
management protocols. 

Risk factors selection for the score card

The initial selection of risk factors for the fi rst version included a review of existing risk 
assessment instruments, and a selected literature research for specifi c domains and 
items.18 In view of the pilot success in terms of feasibility and acceptability of the pilot 
score card, the present study repeated the literature underpinning through a formal 
design, and adding some additional features of interest. Attention was restricted to pub-
lished instruments from western countries from 1990 onwards. Score cards published 
until 1990 were described by other studies and therefore excluded for this purpose.13 15-17 
We performed a broad electronic literature search December 3st 2012 in Medline, Embase 
and Web of Science from inception to December 2012. A search strategy was developed 
based on antenatal risk screening and its synonyms such as ‘antenatal risk assessment’, 
‘antenatal risk screening’, ‘scorecard’ which were also combined with ‘pregnancy’, 
‘prenatal’ and ‘obstetric’. Although we hand searched reference lists from main articles 
and relevant reviews for additional eligible studies, the synonyms were numerous. No 
language restrictions were applied. The remaining risk assessment instruments related 
to antenatal healthcare were included.

Each published instrument was structurally reviewed along the following topics: 
predicted outcome (e.g. low birth weight, or adverse outcome as whole), timing of 
screening (e.g. fi rst antenatal visit, or selected gestational trimester), population (e.g. 
whole population, low income women), registration (item selection, e.g. social items, 
obstetrical items), scoring (summation of items, weighing of items; use of cutoff s), prac-
tical disadvantages, validation, discriminative power, and current practical use. At the 
second stage we complemented this review with detailed epidemiological information 
(prevalence and risk estimates) from well documented large birth cohort studies which 
have published risk factor analysis for various birth outcomes.27-30 At a third stage we 
completed the candidate list with risk factors suggested by published (inter)national 
guidelines on prenatal assessment.31 32 
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Design of the score card

Item selection
Risk factors were selected if unequivocal evidence pointed to an association with small 
for gestational age, preterm birth, and congenital anomalies (‘Big 3’), and perinatal 
mortality. While we initially aimed to detect pregnancies prone to a delivery with a low 
Apgar score, we excluded this aim as insuffi  cient evidence exists on its suitability to 
predict in such an early stage. Initial selection of risk factors incorporated in the R4U 
score card took place in fi ve expert meetings within the project group.18  All selected 
risk factor questions (‘items’) were standardized. To increase uniformity, we defi ned a 
so-called ‘script’ text for each separate item as a literal text to list the question. It was 
printed at the back of paper and pencil forms, or could be popped up in the digital form 
underlying the present study. It was thought that the script may facilitate questioning 
of sensitive questions (e.g. domestic violence), and decreases error in questions with 
known intra-professional variation (e.g. miscarriage, living in a deprived neighborhood). 

The standard format of question and closed response was derived from the WIC prena-
tal risk factor score card. Response was dichotomous only. The ‘yes’ was an indicator for 
the presence of the risk factor with a known relative risk of adverse perinatal outcomes. 
The resulting list of candidate items was fi rst piloted for feasibility and reliability.18

Connection of risk profi le to care pathways

The present study added a connection between risk profi le as established through the 
R4U scorecard and a tailored care pathway. To this purpose, each item was categorized 
into four groups according to their instrumental use: 
1. Single risk: such a risk factor that is directly linked to Big 3 and / or perinatal mortality, 

and justifi es intervention independent from other considerations (e.g. drug use).
2. Additive risk: such a risk factor that is associated with Big 3 and / or perinatal mortal-

ity (both medical and non-medical risk factors, irrespective of the avoid ability of the 
risk factor), and has been reported to contribute to adverse outcome as cumulative 
risk (e.g. lack of social support or being unemployed). 

3. Conditional risk: such a risk factor that is known to be relevant for Big 3 or perinatal 
mortality, but being a risk factor dependents on more information. E.g. being unem-
ployed is a risk factor if family income depends on maternal employment, but may 
be of minor importance if a partner provides suffi  cient income. 

4. Instrumental risk: from the Woman, Infants and Children (WIC) prenatal risk factor 
score card 33 we adopted the inclusion of some risk factors which are not associated 
with adverse perinatal outcome, but which could strongly aff ect the provision of 
perinatal care. Detection of these risk factors creates awareness by the care profes-
sional. E.g. Jehovah’s Witness (blood transfusion), illiteracy (health promotion and 
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instruction materials), ethnic background (the use of interpreter services; the taking 
into account for specifi c cultural habits and expectations). 

Occasionally risk factors belong to more than one category. A single risk of e.g. pre-
term birth may also act as additive risk for other adverse outcomes.

In the development, we also introduced ‘weighing’ and the cumulative risk score. To 
obtain a cumulative risk score from an individual profi le of positive risk items, weights 
have to be assigned to each abnormal ‘yes’ category. A cumulative risk score above a 
predefi ned cut-off  point would imply a follow-up action, including multidisciplinary 
consultation between perinatal professionals and other healthcare professionals, such 
as paediatricians or social workers. It off ers the opportunity to customise antenatal 
policy to the individual woman’s need. Such a cut-off  may also be locally adapted to 
accommodate the availability of facilities. The present weights were obtained from 
published odds ratios (OR) and relative risks (RR) in large, representative birth cohort 
studies, meta-analysis, and an occasional case-control study (source data available 
upon request). We expressed weights in points, depending on the OR/RR of a risk fac-
tor: risk factors consistently associated with OR/RR smaller than two were assigned 1 
point, higher than two or related to perinatal mortality were assigned 2 points, and 
for risk factors associated with OR/RR higher than four, 3 points were assigned. For a 
few items, assignment of a weight was primarily based on expert opinion. Occasion-
ally publication delay underrated current practice: e.g. previous stillbirth or previous 
small-for-gestational-age (SGA) justifi ed a higher weight than papers so far suggested. 
These items were expert opinion prevailed, for example in case of a high relapse rate 
(e.g. preconceptional use of drugs). The remaining items, for which there was currently 
no evidence available, received 0 points. 

The use of both paper and pencil (A4-format) and digital score card was intended. 
The fi rst version employed a paper and pencil version following the 2 column lay-out of 
the WIC prenatal risk factor score card.33 The digital form used an open source software 
system to present a digital questionnaire to the healthcare professional.

Service responses to the score card

As mentioned previously, responses from the R4U score card (the risk profi le) were 
connected to corresponding care pathways. Care pathways were included to address 
the management of (non-)medical risk factors.9 We developed 28 templates of care 
pathways for all risk factors (single and cumulative) incorporated in the R4U score card.

These care pathways support conventional medical and obstetrical risk factors, but 
also incorporate unconventional, non-medical risk factors. Each care pathway consists of 
a defi ned set of measures a healthcare professional could take to meet the specifi c need 
of the pregnant women. Predesigned templates should be adapted to the local settings 
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to fulfi ll local needs. The details and service response will be described in detail in the 
section ‘practical experiences’. 

Pilot study

The resulting R4U risk score card was piloted in several hospitals and midwifery practices 
in Rotterdam. Data collection of this pilot study on feasibility and reliability took place 
from 2010 until 2011.18 

In the result section below we provided the results of the developmental steps of 
the R4U score card, including the risk factor selection and categorization, the summary 
score procedure, and the application-oriented extension from screening to tailored care 
provision through care pathways. The results include the subsequent modifi cations 
derived from the fi rst pilot study. To illustrate the potential service impact of the R4U 
score card, we provided an illustration of the summary score and the application of a 
threshold was with the use of real data from a fi rst pilot in practice. 

Approval was obtained from the Institutional Review Boards of the Erasmus Medical 
Center before the study began, and decided that written informed consent was not 
necessary. 

RESULTS 

Table 6.1 presents a review of 8 predictive instruments for routine use in antenatal care 
published from 1990 onwards.17 33-39 Five out of 8 instruments focused on more than one 
predictive outcome, for one the predicted outcome is unknown. None of the instru-
ments took congenital anomalies into account. Six instruments can be applied to iden-
tify risks at the fi rst antenatal visit, and all except one are used for an unselected group 
of pregnant women, rather than a specifi c group. The instruments often specialized on 
either medical or non-medical factors, rather than a combination; the number of items 
included ranges from 4 to 45. In 7 instruments a validation test of the claimed predictive 
power had taken place, among these are only 2 instruments that are externally validated. 
The positive predictive value was available for 4 instruments, ranging from 1.4% to 33%. 
As far as we know, 4 instruments were currently in use. 

In table 6.2 we show the contents of the R4U score card in terms of domains, items, 
item relevance, and weighing factors. The fi nal R4U score card included 70 items catego-
rized into 6 domains, namely social status (n=14), ethnicity (n=3), reproductive factors 
(n=8), lifestyle (n=14), medical history (n=14) and obstetric history (n=17). The assign-
ment of item categories (1-4) in the column ‘item relevance’ was based on consensus by 
the project group. Items were grouped according to subject for ease of history taking. 
In the paper and pencil version, the four non-medical domains are listed on the left 



114 Chapter 6

Ta
bl

e 
6.

1 
Pr

ed
ic

tiv
e 

in
st

ru
m

en
ts

 fo
r r

ou
tin

e 
us

e 
in

 a
nt

en
at

al
 c

ar
e 

(p
ub

lis
he

d 
fr

om
 1

99
0 

on
w

ar
ds

)

Au
th

or
Ch

ar
d 

et
 a

l. 
19

92
17

, 

U
ni

te
d 

Ki
ng

do
m

Kn
ox

 e
t a

l. 
19

93
34

, N
ew

 

Ze
al

an
d 

M
er

ce
r e

t a
l. 

19
96

35
, 

U
SA

Si
m

m
on

s e
t a

l. 
20

01
36

, 

Ca
na

da

Gu
eo

rg
ui

ev
a 

et
 a

l. 

20
03

37
,U

SA

Ca
rr

ol
l e

t a
l. 

20
05

38
, 

Ca
na

da

W
IC

 sc
or

e 
ca

rd
 2

00
733

, 

U
SA

Bu
rs

ty
n 

et
 a

l. 
20

10
39

, 

Ca
na

da

Pr
ed

ic
te

d 
ou

tc
om

e
Lo

w
 b

ir
th

 w
ei

gh
t 

(<
 2

50
0g

);

Pr
et

er
m

 b
ir

th
(<

 3
7 

w
ee

ks
);

5 
m

in
ut

e 
Ap

ga
r <

 6
; 

Pe
rin

at
al

 d
ea

th

Pe
rin

at
al

 m
or

bi
di

ty
 

(>
 5

 d
ay

s i
n 

ne
on

at
al

 

un
it)

; P
er

in
at

al
 

m
or

ta
lit

y 
(>

 2
0 

w
ee

ks
 

of
 g

es
ta

tio
n–

7 
da

ys
 p

p)

Pr
et

er
m

 b
ir

th
 

(<
 3

7 
w

ee
ks

)

Lo
w

 b
ir

th
 w

ei
gh

t 

(<
20

00
g)

 

or
 p

re
te

rm
 d

el
iv

er
y 

(<
34

 w
ee

ks
)

Ve
ry

 lo
w

 b
ir

th
 w

ei
gh

t 

(<
 1

50
0g

)

N
A

N
A

Lo
w

 b
ir

th
 w

ei
gh

t 

(<
 2

50
0g

);

Pr
et

er
m

 b
ir

th
 (<

37
 

w
ee

ks
); 

5 
m

in
ut

e 
Ap

ga
r 

<
 7

; N
eo

na
ta

l i
nt

en
si

ve
 

ca
re

; R
es

us
ci

ta
tio

n 

m
ea

su
re

s

Ti
m

in
g 

of
 sc

re
en

in
g

Fi
rs

t v
is

it
Fi

rs
t v

is
it 

+
 p

re
-d

el
iv

er
y

23
 - 

24
 w

ee
ks

 o
f 

ge
st

at
io

n

Fi
rs

t  
vi

si
t

N
A

12
 - 

30
 w

ee
ks

Fi
rs

t v
is

it
Fi

rs
t v

is
it,

 a
nd

 

ev
en

tu
al

ly
 a

t 3
6 

w
ee

ks

Po
pu

la
tio

n
Po

pu
la

tio
n 

ba
se

d 
H

os
pi

ta
l d

el
iv

er
ie

s 
H

os
pi

ta
l d

el
iv

er
ie

s
Po

pu
la

tio
n 

ba
se

d 
Po

pu
la

tio
n 

ba
se

d
Po

pu
la

tio
n 

ba
se

d
Lo

w
 in

co
m

e 
w

om
en

Po
pu

la
tio

n 
ba

se
d

Re
gi

st
ra

tio
n

40
 it

em
s:

  s
oc

ia
l, 

lif
es

ty
le

, g
en

er
al

 

hi
st

or
y,

 g
yn

ae
co

lo
gi

ca
l 

hi
st

or
y,

 fa
m

ily
 h

is
to

ry
, 

ob
st

et
ric

 h
is

to
ry

45
 it

em
s:

 d
em

og
ra

ph
ic

, 

so
ci

al
, l

ife
st

yl
e,

 g
en

er
al

 

hi
st

or
y,

 o
bs

te
tr

ic
 

hi
st

or
y,

 c
ur

re
nt

 

pr
eg

na
nc

y.
 

M
ax

im
al

 7
 it

em
s  

BM
I, 

et
hn

ic
it

y,
 e

m
pl

oy
m

en
t 

so
ci

al
 e

nv
iro

nm
en

t, 

lu
ng

 d
is

ea
se

, B
is

ho
p 

sc
or

e,
 v

ag
in

al
 b

le
ed

in
g;

 

17
 it

em
s:

 d
em

og
ra

ph
ic

, 

en
vi

ro
nm

en
ta

l s
oc

ia
l, 

lif
es

ty
le

, c
ar

e 
in

 c
ur

re
nt

 

pr
eg

na
nc

y,
 g

en
er

al
 

hi
st

or
y,

 o
bs

te
tr

ic
 

hi
st

or
y.

 

31
 it

em
s:

 d
em

og
ra

ph
ic

, 

en
vi

ro
n-

m
en

ta
l, 

so
ci

al
, 

lif
es

ty
le

, c
ar

e 
in

 c
ur

re
nt

 

pr
eg

na
nc

y.
 

15
 it

em
s:

 d
em

o-

gr
ap

hi
c,

 e
nv

iro
n-

m
en

ta
l, 

so
ci

al
, l

ife
st

yl
e,

 

cu
rr

en
t a

nt
en

at
al

 c
ar

e,
 

ps
yc

hi
at

ric
. 

36
 it

em
s:

 d
em

o-

gr
ap

hi
c,

 e
nv

iro
nm

en
ta

l 

so
ci

al
, l

ife
st

yl
e,

 c
ar

e 

in
 c

ur
re

nt
 p

re
gn

an
cy

, 

ps
yc

hi
at

ric
.  

45
 it

em
s:

 li
fe

st
yl

e,
 

ge
ne

ra
l h

is
to

ry
, 

ob
st

et
ric

al
 h

is
to

ry
, a

nd
 

cu
rr

en
t p

re
gn

an
cy

. 

Sc
or

in
g 

+
 th

re
sh

ol
d

N
A

Ye
s,

 w
ei

gh
te

d
N

A
Ye

s,
 w

ei
gh

te
d

Ye
s,

 w
ei

gh
te

d
N

A 
Ye

s,
 w

ei
gh

te
d 

Ye
s,

 w
ei

gh
te

d 

D
is

-a
dv

an
ta

ge
s

D
em

o-
gr

ap
hi

c 
ite

m
s 

ex
ce

pt
 fo

r a
ge

 n
ot

 

in
cl

ud
ed

; 

Re
tr

os
pe

ct
iv

e 
an

d 

m
od

el
 b

as
ed

: f
ea

si
bi

lit
y 

no
t e

va
lu

at
ed

. 

Gy
na

ec
ol

og
ic

al
 a

nd
 

fa
m

ily
 h

is
to

ry
 n

ot
 

in
cl

ud
ed

; 

N
ot

 fe
as

ib
le

: c
ar

eg
iv

er
 

ha
s t

o 
ca

lc
ul

at
e 

ris
k 

sc
or

e 
fr

om
 a

 fo
rm

ul
a 

w
ith

 lo
gi

st
ic

 re
gr

es
si

on
 

co
effi

  c
ie

nt
s

D
ep

en
de

d 
on

 p
hy

si
ca

l 

ex
am

in
at

io
n

Ca
lc

ul
at

io
n 

of
 ri

sk
 sc

or
e 

fr
om

 a
 fo

rm
ul

a 
w

ith
 

re
gr

es
si

on
 c

oe
ffi  

ci
en

ts
; 

Li
m

ite
d 

tim
e 

w
in

do
w

 o
f 

ap
pl

ic
ab

ili
ty

  

M
ai

nl
y 

so
ci

al
 a

nd
 

lif
es

ty
le

 re
la

te
d 

ite
m

s,
 

fe
w

 m
ed

ic
al

 it
em

s 

in
cl

ud
ed

;

M
ai

nl
y 

so
ci

al
 a

nd
 

lif
es

ty
le

 re
la

te
d 

ite
m

s,
 

fe
w

 m
ed

ic
al

 it
em

s 

in
cl

ud
ed

. 

N
o 

fo
rm

al
 p

re
di

ct
io

n:
 

ite
m

w
is

e 
de

te
ct

io
n 

of
 

no
n-

no
rm

al
s o

nl
y;

 n
o 

m
ed

ic
al

 it
em

s.

O
pe

n 
qu

es
tio

ns
 

re
fe

rr
in

g 
to

 c
ar

eg
iv

er
’s 

op
in

io
n

M
ai

n 
fo

cu
s o

n 
no

n-

m
ed

ic
al

 ri
sk

 fa
ct

or
s

N
o 

da
ta

 o
n 

de
ve

lo
pm

en
t o

r 

eff
 e

ct
iv

e-
ne

ss
; 

N
o 

so
ci

al
, 

en
vi

ro
nm

en
ta

l i
te

m
s,

 o
r 

et
hn

ic
it

y 
ite

m
s.

 



Instrument for antenatal risk assessment including non-medical issues 115

6

Ta
bl

e 
6.

1 
Pr

ed
ic

tiv
e 

in
st

ru
m

en
ts

 fo
r r

ou
tin

e 
us

e 
in

 a
nt

en
at

al
 c

ar
e 

(p
ub

lis
he

d 
fr

om
 1

99
0 

on
w

ar
ds

) (
co

nt
in

ue
d)

Au
th

or
Ch

ar
d 

et
 a

l. 
19

92
17

, 

U
ni

te
d 

Ki
ng

do
m

Kn
ox

 e
t a

l. 
19

93
34

, N
ew

 

Ze
al

an
d 

M
er

ce
r e

t a
l. 

19
96

35
, 

U
SA

Si
m

m
on

s e
t a

l. 
20

01
36

, 

Ca
na

da

Gu
eo

rg
ui

ev
a 

et
 a

l. 

20
03

37
,U

SA

Ca
rr

ol
l e

t a
l. 

20
05

38
, 

Ca
na

da

W
IC

 sc
or

e 
ca

rd
 2

00
733

, 

U
SA

Bu
rs

ty
n 

et
 a

l. 
20

10
39

, 

Ca
na

da

Va
lid

at
io

n 
N

 =
 2

02
9 

pr
eg

na
nc

ie
s:

 

Pr
im

ip
ar

ou
s,

 n
 =

 9
29

, 

ad
ve

rs
e 

ou
tc

om
e:

 

14
.9

%
;

M
ul

tip
ar

a,
 n

 =
 1

10
0,

 

ad
ve

rs
e 

ou
tc

om
e:

 

12
.2

%

N
 =

 2
09

85
 p

re
gn

an
ci

es
 

to
 d

ev
el

op
 sc

or
e 

sy
st

em
.

Ex
te

rn
al

 v
al

id
at

io
n 

on
 n

 =
 3

12
0 

w
om

en
 

of
 w

hi
ch

 7
.6

%
 h

ad
 

ad
ve

rs
e 

ou
tc

om
e

N
 =

 2
92

9 
si

ng
le

to
n 

pr
eg

na
nc

ie
s1

0,
4%

 

ad
ve

rs
e 

ou
tc

om
e.

 

Pr
im

ip
ar

ou
s:

 n
 =

 1
21

8,
 

8.
2%

 a
dv

er
se

 o
ut

co
m

e,

M
ul

ti:
 n

 =
 1

71
1,

 1
1.

9%
 

ad
ve

rs
e 

ou
tc

om
e.

 

N
 =

 7
67

63
 si

ng
le

to
n 

pr
eg

na
nc

ie
s;

 4
.0

%
 

ad
ve

rs
e 

ou
tc

om
e.

  

N
 =

 1
66

37
2 

si
ng

le
to

n 

pr
eg

na
nc

ie
s,

 0
.9

%
 

ad
ve

rs
e 

ou
tc

om
e.

 

Ex
te

rn
al

 v
al

id
at

io
n 

on
 

n 
=

 3
72

50
 w

om
en

, 

1.
0%

 a
dv

er
se

 o
ut

co
m

e

N
 =

 2
27

 p
re

gn
an

ci
es

. 
N

A
N

 =
 1

91
68

6 
liv

e 
bo

rn
 

si
ng

le
to

ns

18
.8

%
 a

t l
ea

st
 o

ne
 

ad
ve

rs
e 

ou
tc

om
e:

 lo
w

 

bi
rt

h 
w

ei
gh

t 4
.9

%
, 

pr
et

er
m

 b
ir

th
 7

.2
%

, l
ow

 

Ap
ga

r 2
%

, N
IC

U
 1

1.
1%

, 

re
su

sc
ita

tio
n 

3.
4%

D
is

cr
im

i-
na

tio
n

N
A 

PP
V 

0.
16

 - 
0.

42
 

(b
oo

ki
ng

 a
nd

 o
ns

et
 o

f 

la
bo

ur
)

PP
V 

Pr
im

ip
ar

ou
s:

 0
.2

9 

M
ul

tip
ar

ou
s:

 0
.3

3

PP
V 

0.
06

* 

*c
al

cu
la

te
d 

by
 th

e 

au
th

or
 

PP
V 

0.
01

4 
- 0

.0
30

, 

de
pe

nd
in

g 
on

 c
ut

-o
ff 

 

po
in

t

N
A 

N
A 

N
A 

Cu
rr

en
t s

ta
tu

s*
O

nl
y 

or
ig

in
al

 re
se

ar
ch

 

se
tt

in
g 

O
nl

y 
or

ig
in

al
 re

se
ar

ch
 

se
tt

in
g

O
nl

y 
or

ig
in

al
 re

se
ar

ch
 

se
tt

in
g

In
 u

se
U

nk
no

w
n

In
 u

se
In

 u
se

In
 u

se
 

Sp
ec

ia
lti

es
 

- 
Ex

te
rn

al
 v

al
id

at
io

n 

av
ai

la
bl

e

D
is

tin
ct

io
n 

be
tw

ee
n 

pr
im

ip
ar

ou
s a

nd
 

m
ul

tip
ar

ou
s w

om
en

Se
lf-

re
po

rt
 (1

5/
18

 

qu
es

tio
ns

);

Cu
t-

off
  p

oi
nt

 in
di

ca
te

s 

re
fe

rr
al

 to
 H

ea
lth

y 
St

ar
t 

in
te

rv
en

tio
n 

pr
og

ra
m

Ex
te

rn
al

 v
al

id
at

io
n 

av
ai

la
bl

e;

Ex
pl

ic
it 

as
se

ss
m

en
t 

of
 th

e 
w

om
an

’s 

‘st
re

ng
th

s’ 
an

d 
po

si
tiv

e 

op
po

rt
un

iti
es

 

Eff
 e

ct
iv

en
es

s o
f 

de
te

ct
io

n 
st

ud
ie

d 
in

 

RC
T:

  I
n 

in
te

rv
en

tio
n 

gr
ou

p 
 m

or
e 

ps
yc

ho
-

so
ci

al

an
d 

fa
m

ily
 v

io
le

nc
e 

re
la

te
d 

co
nc

er
ns

Ex
pl

ic
it 

as
se

ss
m

en
t o

f 

w
om

an
’s 

‘st
re

ng
th

s’ 
an

d 

po
si

tiv
e 

op
po

rt
un

iti
es

2 
pr

ed
ic

tio
n 

m
om

en
ts

: 

in
 e

ar
ly

 a
nd

 la
te

 

pr
eg

na
nc

y

* T
o 

ou
r k

no
w

le
dg

e,
 N

A
: n

ot
 a

va
ila

bl
e,

 P
P 

= 
po

st
pa

rt
um

, P
PV

 =
 P

os
iti

ve
 P

re
di

ct
ed

 V
al

ue
, R

C
T 

= 
Ra

nd
om

iz
ed

 C
on

tr
ol

le
d 

Tr
ia

l



116 Chapter 6

Ta
bl

e 
6.

2 
D

om
ai

ns
 a

nd
 it

em
s 

of
 R

4U
, a

cc
or

di
ng

 to
 p

re
di

ct
iv

e 
an

d 
cl

in
ic

al
 m

an
ag

em
en

t r
el

ev
an

ce

D
om

ai
n

Ite
m

Ite
m

 re
le

va
nc

e
W

ei
gh

t
D

om
ai

n
Ite

m
Ite

m
 re

le
va

nc
e

W
ei

gh
t

1
2

3
4

 
1

2
3

4

So
ci

al
 

Si
ng

le
 m

ot
he

r
x

x
x

1
Li

fe
st

yl
e

N
o 

da
ily

 in
ta

ke
 o

f f
ru

it 
an

d 
ve

ge
ta

bl
es

x
0

Re
la

tio
ns

hi
p 

pr
ob

le
m

s
x

x
0

Ve
ge

ta
ria

n,
 v

eg
an

 o
r m

ac
ro

bi
ot

ic
 d

ie
t

x
0

Ex
pe

rie
nc

e 
of

 in
ad

eq
ua

te
 so

ci
al

 su
pp

or
t

x
x

1
BM

I <
18

 k
g/

m
2

x
x

1

D
om

es
tic

 v
io

le
nc

e
x

x
x

2
BM

I 3
0 

-3
5 

kg
/m

2
x

0

Pr
ev

io
us

 re
fe

rr
al

 to
 c

hi
ld

re
n’

s s
oc

ia
l s

er
vi

ce
s

x
x

0
BM

I >
 3

5 
kg

/m
2

x
x

2

U
ne

m
pl

oy
ed

 (>
 3

 m
on

th
s)

x
x

1
Ge

ne
ra

l
Ch

ro
ni

c 
m

at
er

na
l i

lln
es

s
x

x
2

St
an

di
ng

 la
bo

ur
 

x
1

An
nu

al
 c

on
su

lta
tio

n 
ph

ys
ic

ia
n 

x
x

0

W
or

ki
ng

 h
ou

rs
 >

 3
2 

x
2

Pr
es

cr
ib

ed
 m

ed
ic

at
io

n
x

x
2

N
et

to
 fa

m
ily

 in
co

m
e 

<
 1

00
0 

eu
ro

x
2

O
ve

r-
th

e-
co

un
te

r d
ru

gs
x

2

Irr
ed

ee
m

ab
le

 fi 
na

nc
ia

l d
eb

ts
 

x
x

0
N

o 
pr

ec
on

ce
pt

io
na

l f
ol

ic
 a

ci
d 

us
e

x
x

2

Pa
rt

ne
r u

ne
m

pl
oy

ed
x

x
1

Se
xu

al
ly

 tr
an

sm
itt

ed
 d

is
ea

se
 la

st
 y

ea
r

x
x

2

Lo
w

 e
du

ca
tio

n 
le

ve
l (

or
 il

lit
er

at
e

x
x

2
Pr

om
is

cu
it

y 
x

x
2

D
ep

riv
ed

 n
ei

gh
bo

ur
ho

od
x

x
2

At
 ri

sk
 fo

r t
ox

op
la

sm
os

is
x

x
1

H
ou

si
ng

 p
ro

bl
em

s 
x

x
0

At
 ri

sk
 fo

r r
ub

el
la

  
x

x
1

Et
hn

ic
it

y 
N

on
w

es
te

rn
 e

th
ni

ci
ty

* 
x

x
2

Re
fu

se
s b

lo
od

 tr
an

sf
us

io
n 

(J
eh

ov
ah

)
x

x
0

La
ng

ua
ge

 b
ar

rie
r

x
x

0
H

is
to

ry
 o

f p
sy

ch
ia

tr
ic

 a
dm

is
si

on
 o

r p
os

iti
ve

 fa
m

ily
 h

is
to

ry
 

(1
st

 de
gr

ee
 re

la
tiv

e)

x
x

x
3

M
en

ta
lly

 d
is

ab
le

d 
x

0
(H

is
to

ry
 o

f)
 p

sy
ch

ia
tr

ic
 m

ed
ic

at
io

n
x

x
0

Re
pr

od
uc

tiv
e 

fa
ct

or
s 

U
ni

ns
ur

ed
 

x
x

0
Cu

rr
en

t p
sy

ch
ia

tr
ic

 p
ro

bl
em

s
x

x
x

3

U
nw

an
te

d 
pr

eg
na

nc
y

x
x

1
Ob

st
et

ric
 

N
ul

lip
ar

ou
s 

x
2

U
np

la
nn

ed
, b

ut
 w

an
te

d 
pr

eg
na

nc
y 

x
0

Re
cu

rr
en

t m
is

ca
rr

ia
ge

 (2
 o

r m
or

e)
x

1

As
si

st
ed

 re
pr

od
uc

tio
n 

x
2

In
te

rp
re

gn
an

cy
 in

te
rv

al
 <

 6
 m

on
th

s
x

x
3

Te
en

ag
e 

pr
eg

na
nc

y 
(≤

18
  y

ea
rs

)
x

x
x

3
H

is
to

ry
 o

f p
re

te
rm

 b
ir

th
x

x
3



Instrument for antenatal risk assessment including non-medical issues 117

6

Ta
bl

e 
6.

2 
D

om
ai

ns
 a

nd
 it

em
s 

of
 R

4U
, a

cc
or

di
ng

 to
 p

re
di

ct
iv

e 
an

d 
cl

in
ic

al
 m

an
ag

em
en

t r
el

ev
an

ce
 (c

on
tin

ue
d)

D
om

ai
n

Ite
m

Ite
m

 re
le

va
nc

e
W

ei
gh

t
D

om
ai

n
Ite

m
Ite

m
 re

le
va

nc
e

W
ei

gh
t

Ad
va

nc
ed

 m
at

er
na

l a
ge

 (>
40

 y
ea

rs
)

x
x

2
H

is
to

ry
 o

f a
sp

hy
xi

a 
(A

pg
ar

 <
 7

 a
ft

er
 5

 m
in

)
x

3

St
ar

t a
nt

en
at

al
 c

ar
e 

12
 - 

14
 w

ee
ks

x
x

0
H

is
to

ry
 o

f s
m

al
l f

or
 g

es
ta

tio
na

l a
ge

 <
p5

x
x

3

La
te

 st
ar

t a
nt

en
at

al
 c

ar
e 

>
 1

4 
w

ee
ks

x
x

3
H

is
to

ry
 o

f m
aj

or
 c

on
ge

ni
ta

l a
no

m
al

ie
s

x
x

3

Li
fe

st
yl

e
Pr

ec
on

ce
pt

io
na

l s
m

ok
in

g 
pa

st
 6

 m
on

th
s

x
1

H
is

to
ry

 o
f s

til
l b

ir
th

 (2
2 

w
ee

ks
 - 

7 
da

ys
 p

p)
 

x
x

x
3

Sm
ok

in
g 

du
rin

g 
pr

eg
na

nc
y 

 1
st

 tr
im

es
te

r
x

x
2

H
is

to
ry

 o
f s

ho
ul

de
r d

ys
to

ci
a 

x
0

Sm
ok

in
g 

du
rin

g 
pr

eg
na

nc
y 

 2
st

 tr
im

es
te

r
x

x
2

H
is

to
ry

 o
f i

ns
tr

um
en

ta
l d

el
iv

er
y

x
0

Pr
ec

on
ce

pt
io

na
l a

lc
oh

ol
 p

as
t 6

 m
on

th
s

x
0

H
is

to
ry

 o
f c

ae
sa

re
an

 se
ct

io
n 

x
0

Al
co

ho
l d

ur
in

g 
pr

eg
na

nc
y 

1st
 tr

im
es

te
r

x
x

1
H

is
to

ry
 o

f g
es

ta
tio

na
l d

ia
be

te
s

x
x

1

Al
co

ho
l d

ur
in

g 
pr

eg
na

nc
y 

2st
 tr

im
es

te
r

x
1

H
is

to
ry

 o
f p

la
ce

nt
al

 a
br

up
tio

n
x

x
x

3

Pr
ec

on
ce

pt
io

na
l i

lli
ci

t d
ru

g 
us

e 
pa

st
 6

 m
on

th
s

x
x

x
1

H
is

to
ry

 o
f m

an
ua

l p
la

ce
nt

al
 re

m
ov

al
 o

r P
PH

 
x

x
0

Ill
ic

it 
dr

ug
s d

ur
in

g 
pr

eg
na

nc
y 

1st
 tr

im
es

te
r

x
x

3
H

is
to

ry
 o

f (
pr

e)
ec

la
m

ps
ia

 o
r H

EL
LP

x
x

3

Ill
ic

it 
dr

ug
s d

ur
in

g 
pr

eg
na

nc
y 

2st
 tr

im
es

te
r

x
x

3
Po

si
tiv

e 
bo

ok
in

g 
bl

oo
ds

 
x

x
x

2

Co
ng

en
ita

l a
no

m
al

y 
in

 1
st

 d
eg

re
e 

re
la

tiv
e

x
x

1

BM
I, 

bo
dy

 m
as

s 
in

de
x;

 p
p,

 p
os

tp
ar

tu
m

; P
PH

, p
os

tp
ar

tu
m

 h
ae

m
or

rh
ag

e;
 H

EL
LP

, h
ae

m
ol

ys
is

 e
le

va
te

d 
liv

er
 e

nz
ym

es
 a

nd
 lo

w
 p

la
te

le
ts

.



118 Chapter 6

side (n=39 items), and the two medical domains on the right side (n=31 items). The 
digital version presents the items one by one. As explained previously, for some items 
the assigned weight was expert opinion based: small for gestational age, previous still 
birth, short interpregnancy interval, body mass index > 35 kg/m2, living in a deprived 
neighborhood, preconceptional smoking, and preconceptional illicit drug use. For 
other items, risk estimates were dependent on nature of the disease which varies across 
women: prescribed drugs during pregnancy, type of psychiatric disorder, recurrence 
rate of congenital anomalies, major congenital anomalies in fi rst degree relative, and 
positive booking bloods. In case of item category ‘4’ zero points were allocated for the 
summary score. 

Figure 6.1 shows an excerpt of the R4U score card in its original paper and pencil 
form (social domain). A paper and pencil version cannot apply automated skipping of 
irrelevant items, nor the automated summation of weights. The whole R4U score card is 
added as supplementary fi le (Addendum ‘R4U score card’). 

Three midwifery practices and 2 hospitals used the paper and pencil version R4U score 
card during their fi rst antenatal visit.18 The pilot version items were closely related to the 
current version as items rarely need adaptation. From the fi rst 218 pregnancies, we de-
rived the weighted summary scores as presented in fi gure 6.2. Pregnancies were sorted 
on ascending summary scores. The fi gure illustrates that each domain contributes from 
the beginning to our summary scores, and at any risk level all domains contribute to the 
risk load. The cut-off  of 16 points indicated an advice for multidisciplinary consultation 
in 20% of all pregnant women. 

Figure 6.1 Elaborated example of one domain in R4U.
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PRACTICAL EXPERIENCE 

The R4U score card was proposed to facilitate improved coordination of antenatal care 
through systematic and uniform risk screening for medical and non-medical risk fac-
tors.18 Via 28 predefi ned care pathways it contributed to unequivocal division of tasks 
and responsibilities for non-medical risk factors. While we here have described the use 
of the R4U as instrument for triage, optimal profi t from the risk information arises if care 
pathways were connected to the individual needs of pregnant woman.9 Care pathways 
were used to modify these risk factors, and as these pathways are explicit as to which 
caregiver will be responsible, the effi  ciency and accountability are enhanced. Together 
with local healthcare professionals in perinatal care, municipal services, community 
health services, and other services, these pathways were projected on the local setting 
in organized meetings. This means that the availability of local facilities and insurance 
agreements were taken into consideration. 

In addition, a risk score above the predefi ned cut-off  point implied follow-up ac-
tion. This follow-up action included multidisciplinary consultation between obstetric 
caregivers and non-obstetric caregivers, prioritization of risk factors, and feedback in 
subsequent meetings. For the client, an eff ect of this approach was the prevention of 
doubling of history taking by diff erent professionals at diff erent stages. The standard-
ized format facilitated risk communication across disciplines. 
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Figure 6.2 Cumulative weighted R4U summary scores for all domains separately for the fi rst 218 cases of 
the pilot study.
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The introduction of organized meetings to customize care pathways induced a change 
in the mutual professional relationship. Initially obstetric caregivers and non-medical 
caregivers functioned strictly separate, each covering their ‘own’ part of the case. The 
organized meetings induced mutual respect and much more awareness among both 
professionals on the impact and eff ect of non-medical risk factors. It realized the neces-
sity to address these non-medical risk factors to improve perinatal outcome.

Early detection and active involvement of ‘non-medical caregivers’ through care path-
ways provided the opportunity to monitor actively from on the onset of pregnancy. This 
was not the case in the conventional scenario in which non-medical risk factors were 
passively noticed. Note that this approach might induce a shift in workload to the early 
antenatal phase, including more registration for monitoring. 

The R4U scorecard enables a considerable change in early antenatal healthcare as 
illustrated in box 2. Here we present the impact on the service response of the compre-
hensive R4U-based approach versus the conventional approach in a representative case 
example. 

Box 2 Impact on service response of the comprehensive (R4U-based) versus the conventional approach: a 
representative case example

Random Case (R4U score card pilot data)

Ms. X is a non-western 22 year old G2P1 with no medical history. In the fi rst 
pregnancy her daughter was born at 40+0 weeks of gestation with a birth 
weight of 2,800 g (< p10, 10th percentile). After the break up with her former 
boyfriend, she got pregnant unplanned. The current father is not in the 
picture. Ms. X is unemployed, receives social welfare payment, and she is 
struggling to get by. She smokes 2 cigarettes each day ‘to relax’. 

Service response 

1. Conventional antenatal policy

Risk assessment

• Anamnesis focused on medical and obstetrical risk factors (no guideline 
available)

Antenatal policy

• In response to obstetric history: no specifi c action 

• In response to smoking: passive approach

• In response to social situation: no specifi c action

Multidisciplinary consultation

• Depending on local commitments; non-medical caregivers (e.g. social 
services) are usually not involved at this stage 

Remark: as none of the individual risk factors are considered as critical, a case like 
this usually escapes extra surveillance. 

2. Comprehensive antenatal policy 

Risk assessment

• R4U score – card in fi rst trimester 
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Result: Score of 16 points (7 in the social domain, 3 in the lifestyle domain, and 6 in 
the obstetric domain) 

Antenatal policy

• In response to obstetric history: care pathway ‘growth restriction’ à growth 
ultrasounds as non-medical risk factors (smoking, social situation) add to 
obstetric risk factors (previous child birth weight below 10th percentile) in this 
case. The combined risk justifi es extra eff orts. 

• In response to smoking: care pathway ‘smoking’ à therapeutic options and 
therapists for active cessation will be off ered to her directively. Progress will be 
discussed every consultation. 

• In response to social history: care pathway ‘psychosocial’ à social services will 
be involved. 

Multidisciplinary consultation 

• Antenatal policy will be defi ned in a multidisciplinary setting in fi rst trimester. 
Feedback in subsequent meetings.  

Remark: this approach defi nes an explicit monitoring and prevention. The policy 
can be declined at any stage at the request of clients and caregivers.

DISCUSSION

The resulting R4U score card is proposed as a universal risk screening instrument. It in-
corporates recent evidence on non-medical risk factors for adverse pregnancy outcomes 
and could facilitate an integrated antenatal healthcare setting. Unique is the close con-
nection between risk profi le and care pathways focusing on non-medical factors. The 
intended users are obstetric professionals, such as midwives, obstetricians, obstetrical 
nurses or general practitioners, and it can be applied to all pregnancy populations. An 
integrated setting (including psychosocial and public health workers) is preferable for 
optimal use, as the resulting care pathways require medical and non-medical expertise. 
The R4U score card is a method for integrated risk management, which facilitates coor-
dination of antenatal healthcare through uniform risk screening, and a clear division of 
tasks when high risk cases are treated through predefi ned care pathways. The score card 
enables and supports a shared care provision model.9 

Through its concept and standardized assessment, it bridges the gap between the 
clinical working area and the public health domain (‘minimal duplication and disrup-
tion’). By the inclusion of risk factors that were directly associated with adverse perinatal 
outcome and uniform defi nition of risks by all professionals involved, it enhances the 
ultimate aim to reduce adverse perinatal outcome (‘high quality outcomes’). Care path-
ways add to effi  ciency and task division in multidisciplinary settings. This all facilitates 
eff ective and effi  cient management of women at risk, without ambiguity who is in 
charge.9 10 
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Risk scoring in apparently asymptomatic persons for triage purposes is also known 
from other specialties such as the Framingham Coronary Heart Disease Prediction 
Scores for predicting risk of clinical coronary heart disease events.40 In obstetrics, risk 
scoring is at this moment rarely routinely applied – and if so – only for obstetrical risk 
factors. We believe that the emerging knowledge on the predictive role of both medical 
and non-medical risk factors, and risk accumulation justifi es the introduction of a formal 
‘evidence-based’ screening tool. Inspired by the Women, Infants, and Children (WIC) 
antenatal score card, we aimed to develop an extended version, anticipating on multiple 
risk factors which commonly determine care and support. 

We are aware of the fact that the performed search on previous instruments was still 
an exploration of the rapidly expanding literature. There may still be methods that we 
have overlooked that could be a valuable addition. In addition, we omitted some instru-
ments without apparent scientifi c evaluation. However, since we have also checked 
professional guidelines at the international level, we believe the probability is low that 
we overlooked a checklist with important application. 

Although the current version of the score card covers 70 common items, we are well 
aware on the potential presence of rare risks. A score card cannot replace professional 
responsibility for careful history taking, as is also true with the use of for example car-
diologic prediction scores and surgical checklists.41 Over time, items can be added or 
deleted or adapted to local circumstances. 

For the implementation of such a new approach in antenatal risk assessment, a num-
ber of conditions need to be fulfi lled. Most importantly, professionals from obstetric 
care, social welfare, psychiatric services, and community health services should agree on 
the comprehensive risk concept as a base to collaborate. Confl icting fi nancial incentives 
and existing inter-professional communication barriers may represent a challenge for 
the implementation of this innovative screening plus intervention method.9 Healthcare 
professionals may need training to question and encounter the new non-medical risk 
factors, and the time schedule of the fi rst antenatal visit may require adaptation. Health 
insurance reimbursement schemes might need revision in order to enable this. This 
is also true for the non-medical preventive and curative measures following the care 
pathways. However, the administration of the R4U score card is not the time consuming 
part of antenatal health care, rather the professional eff ort to guide the detected high 
women being compliant to the proposed care pathways.

Future research is necessary to investigate the performance of the R4U score card 
under routine conditions and to measure the extent of integrated care it invokes.10 The 
feasibility, inter-intra observer variability and predictive value are investigated, and it 
seems that the R4U risk score card is a feasible and reliable instrument.18 A nationwide 
randomized controlled trial recently started to establish the eff ectiveness of early sys-
tematic antenatal risk detection with the R4U on pregnancy outcomes.42 Over time the 
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eff ectiveness and effi  ciency of this comprehensive risk assessment should be clarifi ed 
- currently little is known on the cost-eff ectiveness of routine antenatal screening. 

CONCLUSION

The present study describes the development of the R4U score card, a non-invasive, 
standardized instrument for routine early antenatal risk screening which covers both 
medical and non-medical risk factors. The R4U score card is designed as a universal, non-
invasive risk screening instrument incorporating recent evidence on non-medical risk 
factors for adverse birth outcomes and their treatment to facilitate integrated antenatal 
healthcare.
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ABSTRACT

Objective This study aims to identify current practice in risk assessment, current antena-
tal policy and referral possibilities for non-medical risk factors (lifestyle and social risk 
factors), and to explore the satisfaction among obstetric caregivers in their collabora-
tion with non-obstetrical caregivers. 

Design Cross-sectional study 
Setting Dutch antenatal care system 
Participants Community midwives from 139 midwifery practices and gynaecologists, 

hospital-based midwives, and trainees in obstetrics from 38 hospitals. 
Measurements and fi ndings Results were analysed with chi-squared tests and un-

paired t-tests.  Caregivers universally screened upon lifestyle risk factors (e.g. smoking 
or drug use), whereas the screening for social risk factors (e.g. social support) was 
highly variable. As national guidelines are absent, local protocols were reported to be 
used for screening on non-medical risk factors in more than 40%. Caregivers stated 
multidisciplinary protocols to be a prerequisite for assessment of non-medical risk 
factors. Only 22% of the caregivers used predefi ned criteria to defi ne when patients 
should be discussed multidisciplinary. 

Conclusion Despite their relevance, non-medical risk factors remain an underexposed 
topic in antenatal risk factor screening in both the community and hospital-based 
care setting.

Implications for practice Structural antenatal risk assessment for non-medical risk fac-
tors with subsequent consultation opportunities is advocated, preferably based on a 
multidisciplinary guideline.
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INTRODUCTION 

Poor social and economic circumstances aff ect health throughout life. Even in the 
most developed countries, less affl  uent individuals have substantially shorter life ex-
pectancies and higher prevalence of disease.1 Scientifi c research has led to a growing 
understanding of the infl uence of social environment on health outcomes. Barker et al. 
showed that the foundation of some adult disease lies in the (pre)conception and early 
pregnancy periods.2 Suboptimal circumstances during pregnancy, other than medical 
risk factors, may lead to impaired fetal development. Such circumstances include ma-
ternal stress due to for example lack of social support, nutrient defi ciencies, or maternal 
intoxication.2 Furthermore, recent evidence from large cohort studies showed that these 
so-called non-medical risk factors (lifestyle and social risk factors) play an independent, 
risk-enhancing role in perinatal and maternal outcomes.3-5 The impact of non-medical 
risk factors is visible through their prevalence, their independent relative risk or both.6 7 
Moreover, it was shown that an accumulation of these risk factors can further harm the 
chances of a good pregnancy outcome.8 9 

Early identifi cation and management of risk factors is therefore seen as a promising 
intervention to prevent or limit fetal exposure to these risk factors. Several preconcep-
tion and early antenatal intervention programs showed promising results in reducing 
risky health behaviors, such as smoking, alcohol consumption, and unhealthy diet.10 11 
However, in most countries preconception care is often – when available – only off ered 
to women with predefi ned medical risk factors such as chronic diseases12, and much 
less frequently off ered to women in the general population.13 The practice of visiting a 
healthcare professional for preconception care is not common in many countries, includ-
ing the Netherlands.14 Therefore, the fi rst antenatal visit is often the fi rst opportunity to 
identify these risk factors. 

In the Dutch obstetric care system, community midwives and gynaecologists work au-
tonomously in a 3-tier system, and generally play a complementary role.15 The national 
guideline for referral to a gynaecologist is restricted solely to medical and obstetrical 
risk factors.16 Depending on the risk factor, this guideline appoints the midwife or the 
gynaecologist to be the primary indicated caregiver. Non-medical risk assessment in 
antenatal healthcare lacks however a comprehensive tool as the available routine ante-
natal screening instruments focus mainly on medical factors.17 18. Practitioners usually do 
not use a template for the intake consult. Some caregivers use a template which is often 
off ered by the software system they use, however, these are almost always limited to on 
medical risk factors only.

If non-medical risk factors are not routinely addressed in antenatal healthcare sys-
tems, surveillance of these exposed pregnancies is at stake. More specifi cally, risk factors 
are likely to be detected too late or at a point at which the pregnancy has already been 
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negatively aff ected. This is the case in particular for modifi able risk factors, such as smok-
ing during pregnancy, lack of social support, domestic violence, or inadequate housing. 
Early identifi cation of pregnancies with a high risk profi le can lead to prevention and 
intervention - not necessarily restricted to that by professionals in the curative sector - 
which in turn can contribute to the improvement of perinatal outcomes. It was recently 
demonstrated that timely detection of growth restriction maximizes the potential ben-
efi t of clinical management of such cases.19 

Several community-based projects with a focus on non-medical risk factors in 
pregnancy reported successful results.20-22 However, little information is known on the 
performance of systematic screening for non-medical risk factors in routine antenatal 
healthcare. Published studies indicate that the number of available instruments for 
antenatal screening is scarce. Experience with these tools is limited to implementation 
in research settings, which is essentially diff erent from real time situations.23-27 Therefore, 
the present study aims (1) to identify current manners of assessment, current antenatal 
policy and referral possibilities for non-medical risk factors (lifestyle and social risk 
factors), and (2) to explore the level of satisfaction of obstetrical caregivers in their col-
laboration with non-obstetrical caregivers. 

MATERIALS AND METHODS 

Study design

This cross-sectional study was conducted in 39 municipalities in the Netherlands 
amongst community midwives working in a primary care setting, and amongst gynae-
cologists, hospital-based midwives and trainees in obstetrics and gynaecology (O&G) 
working in a hospital setting 

Municipalities were extracted after a municipal selection process which was performed 
for the Healthy Pregnancy 4 All study.13 This national project, supported by the Dutch 
Ministry of Health, Welfare and Sport, aims to improve perinatal health by off ering and 
amending preconception care and providing timely risk assessment for both medical 
and non-medical risk factors in pregnancy. In a thorough analysis, 50 geographical areas 
were identifi ed in which adverse perinatal outcomes were high. The list was obtained by 
combining epidemiological evidence on adverse outcomes from the national perinatal 
registries of midwives, gynaecologist and paediatricians.28 29 The Healthy Pregnancy 4 
All study takes place in 10 out of the 50 selected geographical areas (14 municipalities) 
in the Netherlands. For this study, areas showing the highest perinatal morbidity and 
mortality rates were selected for both interventions.13 In order to optimally assess the 
current manner of risk selection in the Netherlands, we did not conduct our study in 
the areas in which the Healthy Pregnancy 4 All study was implemented. All community 
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midwives and hospital caregivers in the remaining municipalities were approached. 
These municipalities do not participate in the Healthy Pregnancy 4 All study, but remain 
representative of all areas of the Netherlands based on their coverage level (approach-
ing 50% of the country) and population size. One municipality was excluded because it 
was already participating in a concurrent perinatal municipal program. 

Since the working area of midwives can be defi ned by zip codes, we identifi ed all 
midwifery practices covering a working area corresponding to the selected zip codes 
of one of our selected municipalities. Through the website ‘www.knov.nl’, areas in which 
midwifery practices were located were identifi ed. Gynaecologists were selected based 
on hospital location, and all gynaecologists working in a hospital situated in - or adja-
cent to - one of the 39 municipalities were approached. Contact information for these 
gynaecologists was found on the websites of the hospitals. Hospital-based midwives 
and trainees in O&G were also approached to cover the full spectrum of hospital-based 
obstetric caregivers.

Community midwives’ practices were contacted by telephone and during this calls 
introduction to the study and verifi cation of the working area took place. From all par-
ticipating midwives, e-mail addresses were obtained in order to send the web-based 
questionnaire. If the working area did not correspond to the area codes of one of the 
39 selected municipalities, practices were excluded. Gynaecologists, hospital-based 
midwives and trainees in O&G were directly contacted by e-mail. E-mail addresses 
were obtained from an up-to-date address fi le. If an e-mail address was not available, 
administrative staff  of the department of O&G distributed the study information and 
questionnaire. 

Development of the questionnaire 

The questionnaire was developed as part of the Healthy Pregnancy 4 All program 
(available upon request).13 30 The questionnaire was piloted among practices of mu-
nicipalities that participated in the Healthy Pregnancy 4 All study (n=36). After this, the 
questionnaire was distributed to individual caregivers (rather than practices) in order to 
appreciate personal opinions, gain more knowledge on antenatal screening policy, and 
measure the level of satisfaction among caregivers on collaboration with other caregiv-
ers. The questionnaire assessed baseline characteristics of caregivers, current practice 
in risk screening (e.g. with or without non-medical factors), current antenatal policy for 
medical and non-medical risk, and collaboration with diff erent (obstetric) caregivers. 

Data collection & Statistical analysis

Data was collected between May and August 2013. A distinction was made between 
community caregivers and hospital caregivers. The questionnaire was sent to 139 com-
munity midwife practices and 38 hospitals with obstetrical units. All individual caregiv-
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ers of the practices (midwives) and obstetrical units (gynaecologists, hospital-based 
midwives, and trainees in O&G) were invited to complete the questionnaire. The minimal 
request was that at least one caregiver of each practice or obstetrical unit complete the 
questionnaire. Caregivers who did not respond within two weeks were sent a reminder 
via e-mail. Another four weeks later non-responders were reminded by telephone. 

Conventional comparative statistics were used (diff erences between group frequen-
cies: chi-square test; diff erences between number: unpaired t-test or Mann-Whitney U 
test). Statistical analysis was performed using SPSS 20.0 for Windows software (SPSS Inc, 
Chicago, IL).

RESULTS

We received completed questionnaires from 74 of the contacted community midwife 
practices (53%) and 33 of the contacted hospitals (87%). We excluded 34 incomplete 
questionnaires (empty or sparsely completed (less than 10%)). Table 1 shows the base-
line and practice characteristics of included caregivers. In total 118 community midwives 

Table 7.1 Characteristics of study participants on the practice and caregiver level

Practice level Community practices 
(N = 74)

Hospitals
(N = 33)

Type of practice, N(%) Solo 6 (8.1) Academic 3 (9.2)

Duo 7 (9.5) Peripheral teaching 18 (54.4)

Group 60 (81.1) Peripheral non-teaching 12 (36.4)

Unknown 1 (1.3)

Practice assistant available, N(%) 39 (68.4) NA

Minutes per intake consult 45 (10-80) Gynaecologist 20 (5-30)

Hospital-based midwife 30 (10-45)

Trainee O&G 30 (10-45)

Number of consults in 1st trimester 2 (1-5) 2 (1-5)

Number of consults in total 13 (1-18) 11 (7-16)

Caregiver level Community midwives 
(N = 118)

Hospital based caregivers 
(N = 154)

Age in years 34 (21-65) 39 (23-62)

Gender, N(%)

Male 2 (1.7) 32 (20.5)

Female 116 (98.3) 122 (78.2)

Job position, N(%) Self-employed 96 (82.1) Gynaecologist 68 (44.2)

Wage service 21 (17.9) Hospital-based midwife 48 (31.8)

Trainee O&G 37 (24.0)

Data presented as median +/- range. unless otherwise specifi ed 
NA: not applicable. O&G: obstetrics and gynaecology
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(21%), 68 gynaecologists (19%), 49 hospital-based midwives, and 37 trainees in O&G 
completed the questionnaire. Only the median scheduled time for an intake at booking 
diff ered among community midwives and hospital caregivers. 

Risk screening 

Table 2 presents the assessment of non-medical risk factors, subdivided into lifestyle risk 
factors (e.g. smoking and drug use) and social risk factors (e.g. social support and do-
mestic violence) at the individual caregiver level. From the 118 community midwives and 
154 hospital caregivers that responded to our questionnaire, 101 community midwives 
and 124 hospital caregivers completed this section. Lifestyle risk factors were universally 
screened, whereas the extent of screening for social risk factors varied amongst respon-
dents. Community caregivers were found to screen signifi cantly more for all risk factors 
asked for, except household income. This was especially the case for domestic violence, 
work-related stress, and intake of fruit and vegetables (p < 0.001). Self-reported reasons 
why caregivers did not screen for non-medical risk factors were: 1. it compromised the 
privacy of the patient [this was applicable for the risk factors: income (49%), relational 
problems (52%), debts (48%) and domestic violence (42%)], 2. a lack of time [applicable 
to risk factors related to social support (32%) and intake of vegetables and fruits (45%)], 
and 3. a perceived lack of relevance [applicable to questions about work-related stress 
(36%)]. Note that not all respondents completed this part of the questionnaire (respec-

Table 7.2 Self-reported risk identifi cation of non-medical risk factors (lifestyle and social risk factors) among 
community midwives and in-hospital caregivers during fi rst antenatal visit

Risk factor Community
midwives 

Hospital 
caregivers 

p

Lifestyle risk factors

Smoking 100 (99.0%) 124 (100%) 0.45**

Alcohol 101 (100.0%) 124 (100%) NA

Drugs 101 (100.0%) 124 (100%) NA

Use of medication 100 (99.0%) 124 (100%) 0.45**

Intake of suffi  cient amount of vegetables and fruits 76 (75.2%) 37 (29.8%) <0.001*

Social risk factors 

Low income 14 (13.9%) 9 (7.3%) 0.11*

Relation problems 30 (29.7%) 21 (16.9%) 0.023*

Domestic violence 92 (91.1%) 24 (19.4%) <0.001*

Work related stress 51 (50.5%) 32 (25.8%) <0.001*

Financial debts 11 (10.9%) 2 (1.6%) 0.004**

Lack of social support 53 (53%) 48 (39%) 0.037*
*Chi-square test **Fisher exact test
NA: test not applicable
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tively 18 midwives and 30 hospital based caregivers), because they indicated not to be 
involved in the intake of pregnant women. 

Table 3 shows the relation between the assessment of non-medical risk factors and 
specifi c in-practice circumstances amongst community midwives. Hospital caregivers 
were not displayed since only 10 of them assessed more than 4 non-medical risk factors. 
Only workload (number of clients) was associated with the assessment of non-medical 
risk factors: in smaller practices non-medical risks were screened more often (p = 0,040). 

The perceived prevalence of non-medical problems diff ered considerably between 
community and hospital caregivers (p<0,001). More than half of all hospital caregivers 
indicated that they deal with non-medical problems on a weekly (40%) or daily basis 
(16%). This is in contrast to the frequency at which community midwives report deal-
ing with non-medical problems (23% on weekly basis and 8% on daily basis). However, 
systematic screening for non-medical risk factors was more common amongst com-
munity caregivers (fi gure 1). Both the community midwives and the hospital caregivers 

Table 7.3 Practice and professional factors associated with the number of assessed non-medical risk factors 
(lifestyle and social risk factors) by community midwives

  Number of non-medical risk factors

Factor 0-3 4-7 p

Case manager present 31 (51.7%) 29 (48.3%) 0.327

Deprived area benefi ts* 18 (46.2%) 21 (53.8%) 0.184

Scheduled meetings with 
non-obstetricians**

27 (50.1%) 26 (49.1%) 0.959

Suffi  cient referral possibilities 
for psychosocial problems

42 (53.2%) 37 (46.8%) 0.644

Years of working experience

<10 years 30 (55.6%) 24 (44.4%) 0.471

10-20 years 11 (42.3%) 15 (57.7%)

>20 years 11 (57.9%) 8 (42.1%)

Workload***

<300 units 13 (41.9%) 18 (58.1%) 0.040

300-400 units 14 (48.3%) 15 (51.7%)

>400 units 18 (75.0%) 6 (25.0%)

Satisfi ed with
duration of the intake

41 (51.9%) 38 (48.1%) 0.804

The non-medical risk factors included income, relational problems, domestic violence, work-related stress, 
fi nancial debts, social support and intake of a suffi  cient amount of vegetables and fruits
*Additional rate for community midwives working in deprived areas 
**Defi ned as: social services, youth and family centers, municipal health services, and youth care *** Presented as 
units of care: Since a considerably part of women will be referred to a hospital during pregnancy or during 
labour, the defi nition ‘unit of care’ has been introduced. This composite measure represents the total num-
ber of pregnancies a community midwife has responsibility for in the primary level of care.
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appointed the community midwife as the most appropriate care provider for dealing 
with non-medical problems, followed by a combination of caregivers. The general prac-
titioner was barely mentioned as the most appropriate care provider for non-medical 
problems.

Antenatal policy

The current antenatal policy for medical risk screening was mainly based on national 
guidelines or local protocols (>90%). In case of non-medical risk factors, the most com-
mon policy was consulting other caregivers. In absence of national guidelines, local 
protocols were used for non-medical risk screening if present (41% of the respondents 
in the community-based setting, 45% in hospital-based setting). In 18% and 23% of the 
respondents respectively, decisions were based on personal judgment. 

Community midwives worked with case managers more often than hospital caregiv-
ers (70% vs. 46% resp.). They designated their own profession as being the most ap-
propriate for the role of case-manager in case of non-medical problems (89%), followed 
by the general practitioner (31%) and Youth and family centers (17%). Gynaecologists 
and hospital-based midwives were least likely appointed to be suitable care manag-
ers in such cases. This corresponded with the responses given by hospital caregivers, 
who appointed the community midwife as the most appropriate case manager (72%), 
followed by the gynaecologist (70%), the hospital-based midwife (65%), and the social 
services (25%). 

Diff erences in reported antenatal policy were also reported with respect to the 
continuity of care. Hospital caregivers reported that antenatal visits were performed 

0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

30,0%

35,0%

40,0%

0/7 1/7 2/7 3/7 4/7 5/7 6/7 7/7

Number of non-medical risk factors assessed

Community midwife

Hospital caregiver

Figure 7.1 Systematic screening for non-medical risk factors assessed by community midwives and in-
hospital caregivers.
Non-medical risk factors are defi ned as: income, relational problems, domestic violence, work-related 
stress, fi nancial debts, social support and intake of fruits and vegetables. 0/7 means that none of the ques-
tioned non-medical risk factors were assessed during intake; 
7/7 means that all questioned non-medical risk factors were assessed during intake. 
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by the same caregiver, more often than the community midwives. In community care, 
consultations were mostly reported to be performed by the caregiver that happened to 
be scheduled to do the antenatal check-ups at that moment. 

Collaboration and satisfaction

Only 22% of respondents reported using predefi ned criteria to discuss patients during 
interdisciplinary consultations. Interdisciplinary consultation was mainly reported be-
tween gynaecologists and community midwives. Table 4 indicates the level of collabora-
tion with other caregivers in the current situation. A higher case load of non-medical 
problems (more than weekly) resulted in more consultation with social services. In 
case of more consultations, caregivers showed more professional satisfaction. Lack of 
satisfaction was mostly due to a lack of insight in the referral possibilities that applied 
to a patient and the limited availability of non-obstetric caregivers who were available 
for referral.

Table 7.4 Contact moments and referral possibilities with other caregivers

Contact moments Community
midwives

Hospital
caregiver

p* Satisfaction Community
midwives 

Hospital
caregiver

Social services 14 (12.7) 45 (35.2) <0.001 Less needed 1 (1.0) 0 (0.0)

More needed 40 (38.5) 50 (37.6)

Satisfi ed 63 (60.6) 83 (62.4)

Youth and family center 42 (43.3) 14 (9.9) <0.001 Less needed 0 (0.0) 0 (0.0)

More needed 39 (37.1) 48 (39.3)

Satisfi ed 66 (62.9) 74 (60.7)

Maternity care assistent 63 (71.6) 21 (15.2) <0.001 Less needed 0 (0.0) 0 (0.0)

More needed 8 (7.5) 41 (33.9)

Satisfi ed 98 (92.5) 80 (66.1)

General practitioner 25 (22.9) 12 (8.3) 0.001 Less needed 0 (0.0) 0 (0.0)

More needed 58 (55.2) 54 (43.2)

Satisfi ed 47 (44.8) 71 (56.8)

Municipal health services 14 (12.5) 10 (7.0) 0.140 Less needed 0 (0.0) 0 (0.0)

More needed 33 (32.0) 44 (37.0)

Satisfi ed 70 (68.0) 75 (63.0)

Youth care 9 (8.1) 28 (20.4) 0.008 Less needed 0 (0.0) 0 (0.0)

More needed 45 (43.3) 50 (39.7)

Satisfi ed 59 (56.7) 76 (60.3)

*Chi-square test
Data are presented as N(%)
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DISCUSSION

Main fi ndings

In this study we focused on the current practices regarding assessment and care of 
non-medical risk factors in antenatal healthcare. Performance of systematic screening 
for non-medical risk factors was rare and approaches were highly variable between 
community midwife practices and hospitals. In the majority of cases, lifestyle risk fac-
tors were screened during pregnancy, whereas the frequency of screening for social 
risk factors was highly variable. It is remarkable that while caregivers indicate that they 
deal with non-medical risk factors frequently, national guidelines or protocols and sup-
portive tools to deal them are lacking. Therefore, systematic structured screening is not 
part of routine antenatal healthcare and preventive intervention strategies rely on local 
resources.

In the absence of national guidelines and protocols, local protocols were used for 
non-medical risk screening. Structural multidisciplinary meetings with non-obstetric 
caregivers (e.g. social services) were uncommon. In case of a higher case load of social 
problems (more than a weekly confrontation with social problems), caregivers had more 
consultations with social services and experienced more professional satisfaction due 
to their collaboration with these non-obstetric caregivers. Nevertheless, structured pre-
scheduled meetings were uncommon. 

Research about systematic assessment of non-medical risk factors is a relatively new 
phenomenon in antenatal healthcare.5 13 30 31 We found it to be limited to a few studies. 
These however all focused on the assessment of perinatal mental health by midwives.32 33 
Their conclusions were consistent with our fi ndings: there are many opportunities for 
improvement in (mental health) services during the antenatal period. 

We also tried to identify factors that might explain the underexposure of non-medical 
risk factors in current antenatal risk assessment. Therefore, we explored diff erences at 
both the caregiver and practice level.  The assessment of non-medical risk factors seems 
to be infl uenced by the workload of the midwifery practice. Midwives working in smaller 
practices screen for non-medical risk factors more frequently than their colleagues in 
larger (group) midwifery practices. These fi ndings are also in line with prior fi ndings, 
where caseload midwifery - in which midwives work in one-to-one partnerships with a 
woman during pregnancy and childbirth - showed much higher levels of continuity of 
care compared to conventional team midwifery care.34 35 

This study was conducted within the unique Dutch obstetric care system. However, 
non-medical problems are a universal and increasingly important issue within ante-
natal healthcare. Inequalities in perinatal and maternal outcomes persist, especially in 
women who of specifi c ethnicities, who have lower socioeconomic status, and who live 
in deprived areas.5 Social disparities, often refl ected in non-medical risk factors, have 
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lifelong consequences and are therefore an important challenge for both obstetric and 
non-obstetric health care professionals, and policy makers.2 5 

Strengths and limitations

A major strength of this study was the contribution of both community midwives and 
hospital caregivers, representing all tiers of care. Moreover, we selected municipalities 
in diff erent parts of the Netherlands to provide substantial coverage and refl ect regional 
spreading. 

The uniqueness and complexity of the Dutch antenatal care system, in which several 
healthcare providers and tiers of care are involved, provided us with the opportunity to 
investigate aspects of inter-professional collaboration which are less applicable to other 
(antenatal) healthcare systems. 

Our study also has some limitations. First of all, the response rate in community 
practices was lower than the response rate in our hospital based setting. The addition 
of an extra questionnaire (13 questions from a diff erent study) to our questionnaire 
might have contributed to a lower response rate. These questionnaires were merged in 
order to limit the number of questionnaires that community midwives were asked to fi ll 
in. The extended questionnaire may have infl uenced the number of respondents that 
completed the whole questionnaire.

Secondly, we cannot exclude the presence of a selection bias. Even though we re-
ceived responses from nearly all selected municipalities, not all midwife practices and 
hospitals located within a municipality responded to the questionnaire. The same holds 
for the number of caregivers working at a particular practice or hospital that completed 
the questionnaire. We had 100% non-response in three municipalities, and there were 
two municipalities in which only midwife practices responded to the questionnaire.

Lastly, sample sizes were too small to explain the diff erences in assessment of type of 
non-medical risk factors. Small sample sizes meant that we could not detect diff erences 
between working areas at the neighbourhood level, and between urban and rural work-
ing areas. Previous studies showed an independent or added eff ect of neighborhood.9 36 
Also an urban-rural gradient in perinatal health disparities was demonstrated, in which 
both urban and isolated rural residents exhibit poor perinatal outcomes.37 This might 
have infl uenced our interpretations. 

Practical implications 

In the present study we focused attention on the importance of structural assessment 
and care of especially non-medical risk factors in antenatal healthcare and policy. We 
have learned from previous studies that these risk factors contribute to adverse preg-
nancy outcomes and have a risk-enhancing role in perinatal and maternal outcomes.3-5 
However, we observed now that these risk factors remain relatively underexposed in 
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antenatal risk assessment. Given the scarce number of available instruments for ante-
natal screening that are employed beyond our research setting, we hypothesize that 
this insuffi  ciency in antenatal risk assessment is not limited to the Netherlands. 23-27 A 
systematic approach to preconceptional and antenatal risk selection for both medical 
and non-medical risk factors with subsequent continuity of care might support early 
detection of potentially high-risk women. This means that increased attention for non-
medical risk factors needs to be embedded in routine practice fi rst. We also noticed a 
discrepancy between the actual performance of non-medical risk screening, the report-
ed confrontation of non-medical problems and the consultation and collaboration with 
other caregivers such as social services. This might indicate that awareness and needs 
are dependent on each other. In other words, to provide non-medical risk screening, a 
number of prerequisites need to be met.

First, structural antenatal risk assessment for non-medical risk factors with subsequent 
consultation opportunities is advocated.38 Early detection (preferably at the intake) may 
contribute to the improvement of perinatal outcomes either by increasing awareness or 
allowing for risk modifi cation. An implementation program could increase awareness for 
non-medical risk factors amongst caregivers. A multidisciplinary guideline supporting 
the standardized screening of these risk factors would benefi t the implementation of 
non-medical risk screening in the current antenatal healthcare system. Regardless of the 
methods of antenatal risk assessment, developing care pathways tailored to the indi-
vidual needs of each pregnant woman could optimize the benefi ts from risk screening. 
By providing standardized information on both medical and non-medical risk factors, 
collaboration between both obstetric caregivers and non-obstetric caregivers, such as 
social welfare, psychiatric services, and community health services, can be optimized.38 

Lastly, it would be insightful to understand why caregivers do (or do not) perform 
non-medical risk screening. This could identify explanatory factors (promoting or im-
peding factors) which could be utilized to promote implementation of risk factor screen-
ing approaches. In addition, research should reveal the eff ectiveness of standardized 
and broadened risk screening (including screening on non-medical risk factors) on the 
improvement of pregnancy outcomes in order to convince caregivers and policy makers 
to assess these risk factors. 

CONCLUSION

Despite their relevance, non-medical risk factors remain underexposed in both the 
community and hospital-based care setting. Structural antenatal risk assessment for 
non-medical risk factors with subsequent consultation opportunities is advocated, 
preferably based on a multidisciplinary guideline.
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ABSTRACT 

Objective We aimed to study in women grouped to socio-economic status (SES) and 
ethnicity: 1) the prevalence diff erences of specifi c non-medical risk factors; and 2) the 
assumption that risk accumulation of non-medical factors played an independent role 
for the presence of a set of major adverse perinatal outcomes. 

Design Cross-sectional study nested in a cohort study
Setting Dutch antenatal care system
Participants Pregnant women living in a deprived neighbourhood in 14 Dutch munici-

palities selected for high prevalence of deprivation.
Measurements and fi ndings Primary outcome was previous adverse perinatal outcome 

(any presence of congenital abnormalities, small-for-gestational-age, preterm birth, 
or low Apgar). Observed risk profi les were related to SES and ethnicity. In multiparous 
women, previous obstetrical outcome was related to the observed risk profi le. In total 
data from 3214 women were analysed. More non-medical risk factors were present in 
women in the lowest SES category and in women of non-western descent (p<0.05). 
Of the multiparous women, 24.7% had any adverse perinatal outcome in the obstetric 
history. In these women, the absence of non-medical risks was associated with less 
adverse outcomes (OR 0.63; 95%-CI 0.50-0.80). So-called risk accumulation resulted in 
a threefold risk in case of 3 risk factors (OR 2.70, 95%-CI 1.27-5.7).  

Conclusion Women in the lowest SES category and women of non-western descent 
were at a substantially increased risk for adverse pregnancy outcomes through the 
increased level of non-medical risk factors. Our results might be explained by the ac-
cumulation of individual risk factors. 

Implications for practice Risk targeted antenatal healthcare could be delivered in order 
to reduce the gap in adverse perinatal outcomes due to SES and ethnicity.  
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INTRODUCTION

Neighbourhood deprivation is associated with adverse perinatal outcome. The highest 
rates of perinatal morbidity and mortality are observed in the most deprived areas.1 2 
Social deprivation and belonging to an ethnic minority group are generally accepted as 
adverse etiologic factors.3-5 Numerous studies have shown the independent role of so-
called non-medical risk factors such as single partnership, family income, or low educa-
tion level for the occurrence of adverse perinatal outcomes as small-for-gestational age, 
preterm birth and subsequent perinatal mortality.6-9. Structural and genetic congenital 
anomalies are partly related to neighbourhood deprivation, for example due to the non-
use of folic acid, obesity, or the infl uence of epigenetic eff ects. 4 

However, these studies were performed retrospectively or were registry-based. Such 
designs are subject to limitations like heterogeneity of defi nitions, limited amount of 
detailed clinical information (e.g. admission data, intervention data, risk and indication 
data), lack of measurement precision (e.g. only crude health outcome categories), and 
lack of clinical  validity of the registration process (e.g. in case of registration for  insur-
ance purposes).  In particular non-medical risk factors such as low household income 
and low education level are under-reported despite their agreed prognostic value.10

Timmermans et al. suggested that the excess risk for adverse outcomes could be at-
tributed to the accumulation of socio-demographic, lifestyle, and obstetric risk factors.11 
They defi ned risk accumulation as the combined contribution of a number of seemingly 
less important risk factors on the occurrence of adverse outcomes. Risk accumulation 
appeared to be more common in deprived neighbourhoods, and its eff ect may rest on 
factors being eff ective through several pathways.11 

The national Healthy Pregnancy 4 All (HP4All) study - was designed to improve peri-
natal health in especially deprived areas.12 The study combines a public health approach 
of antenatal care innovation with epidemiologic research.  Two perinatal interventions 
before (preconception care) and during pregnancy (antenatal risk assessment) were 
actively introduced in deprived neighborhoods of 14 municipalities across the Neth-
erlands. The local caregivers participating in this study provided care to predominantly 
deprived pregnant women. As the interventions were practiced as routine care for all 
participating pregnant women, the collected data allow for analysis of the risk contrib-
uting role of non-medical risk factors.12 

The fi rst aim of this study was to investigate the association between specifi c non-
medical risk factors and socio-economic status and ethnicity. Next we explored in a 
nested retrospective analysis whether so-called risk accumulation of these non-medical 
factors could be demonstrated as independent contributor to major adverse perinatal 
outcomes.
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METHODS 

Study design

This cohort study was part of the Risk Assessment (RA) study within the HP4All study. The 
RA study is a cluster randomized controlled trial in 14 municipalities of which the design, 
methods, and data collection have been described in detail.13 In summary, midwifery 
practices in participating municipalities were randomly assigned to either ‘intervention 
municipalities’ including the use of a scorecard-based antenatal risk assessment, care 
pathways and multidisciplinary consultation or ‘control municipalities’ in which conven-
tional risk assessment was measured. 

Participants of the present study were pregnant women living in selected neighbour-
hoods of 14 municipalities that enrolled from August 2012 until June 2014. Municipalities 
were selected on the base of an above average perinatal mortality rate. Subsequently, 
within these municipalities a set of disadvantaged areas was defi ned using pre-existing 
neighbourhood borders. Among these neighbourhoods cases were selected if high 
adverse perinatal outcome rates were present. Both municipality and neighbourhood 
selection were based on complete national perinatal registry data. The selection process 
of the municipalities and neighbourhoods has been described elsewhere.12  

Community midwives and gynaecologists providing care to women living in these zip 
codes were invited to participate in the RA sub-study. All pregnant women that visited 
a participating midwifery practice or hospital were eligible to participate in the RA sub-
study. The caregiver decided on the enrollment format: either all patients or a selection 
based on zip-code. This choice was part of the design of the trial which accommodated 
the most acceptable implementation of this new approach of risk assessment at the 
individual practice level. Exclusion criteria were kept to a minimum, and included an 
obstetric situation during the booking visit requiring instantaneous intervention (e.g. 
ectopic pregnancy), and already being in labour during this initial visit.

This study has been approved by the ethics committee of the Erasmus Medical Center 
Rotterdam (Ref. No. MEC-2012-322), and by the Executive Board of all participating 
hospitals. 

Data collection 

Obstetric history 
Eligible women received participant information and were asked for written consent 
prior to their inclusion in the study to collect data on their general and obstetric history 
pregnancy outcomes by the participating caregivers. Caregivers registered all participat-
ing women anonymously by a study number in a web-based database. They registered 
the 4-digit zip code, date of birth, gestational age at booking visit, gravidity and parity, 
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and the obstetric history (date of birth, gestational age at delivery, birth weight, gender, 
single or multiple pregnancy, congenital anomaly, Apgar score < 7, previous caesarean 
section, and any previous miscarriages, termination of pregnancy, or ectopic pregnancy. 
Missing data were as many sought out in patient records by the project team or research 
midwives. 

Individual perinatal risk factors 
Baseline characteristics were prospectively assessed by a survey early in pregnancy. This 
self-reported survey was completed preferably in the waiting room after the fi rst ante-
natal visit. Otherwise a return envelope was handed, or an online version of question-
naire was off ered, all according to the women’s’ wish. In all scenarios, the answers were 
sent directly to the project team. We also asked caregivers to bring up the questionnaire 
during the next visit. Study information for counselling and the questionnaire were 
available in the 6 most commonly spoken languages (Dutch, English, Spanish, Arabic, 
Turkish, and Polish).   

The baseline characteristics included marital status, household composition and fam-
ily household income, maternal occupation, education level, ethnicity (country of birth 
pregnant woman and her parents), lifestyle (smoking, alcohol, soft and hard drugs use), 
use of folic acid, medical history, and use of medication. Net household income was 
classifi ed as less than 1000 euro, 1000-1499 euro, 1500-1999 euro, 2000-2499 or more 
than 3000 euro. Having a paid job was asked dichotomously, and further assessed in 
weekly working hours. The following information on the lifestyle risk factors smoking, 
alcohol and drug use was assessed: preconceptional use, current use, history, quantity 
per day or week (if applicable), and quit date (not applicable, before pregnancy, positive 
testing, fi rst trimester, other). 

Primary outcome

The primary outcome measure was previous perinatal morbidity. Primary classifi ers were 
socio-economic status (SES), ethnicity, and zip code based relative deprivation level of 
the neighbourhood with the municipality as reference. Previous perinatal morbidity, 
so-called Big 4 morbidities, were defi ned as the presence (single or combined) of small 
for gestational age (SGA) (birth weight < 10th percentile for gestational age) 14, preterm 
birth (PTB) (birth < 37 weeks of gestation), congenital disorders (list defi ned), and / or 
suboptimal start at birth (Apgar score < 7 after 5 minutes). SES was classifi ed as low SES 
(< p20), middle SES (p20 – p80), and high SES (>p80). Data on socio-economic status 
was available from The Netherlands Institute for Social Research (open access) on zip 
code level and linked to the birth record database. SES status scores were composed 
of 4 indicators: the average household income, the proportion of residents receiving a 
low family income, the proportion of poorly educated residents, and the proportion of 
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unemployed residents in a particular post code16 (SCP 2010). Allocation of ethnicity was 
established by guidelines of national Central Bureau for Statistics (open access), taking 
into account the country of birth of the pregnant women herself, her mother and her 
father 17. A pregnant woman was classifi ed as ‘immigrant’ (non-indigenous) - if one of 
her parents was born outside the Netherlands - or non-immigrant. A further distinc-
tion was made between immigrants from western descent (Europe (excluding Turkey), 
North America, Oceania, Indonesia or Japan) and non-western immigrants (remainder). 
Neighbourhoods were classifi ed on zip code level according to perinatal morbidity rates 
relative to the local level: ‘below municipal level’, ‘on municipal level’ or ‘above municipal 
level’. It was assumed that the included determinants such as SES, ethnicity, household 
income and educational level (often set before the age of 20) were almost invariable for 
an individual and that these determinants were present before the fi rst pregnancy.

Data analysis 

Only cases of which we received the registration form completed by the caregiver 
and the self-reported survey were eligible in this study. Since the RA sub-study was a 
randomized controlled trial that aimed to improve pregnancy outcomes in the interven-
tion group, the risk associations were based on the previous obstetric outcome (rather 
than the current outcome) as proxy outcome measure, assuming risk relations in our 
context remain similar across parity. We assumed that the static nature of non-medical 
determinants allowed for the estimation of such a retrospective association. Thereby 
pregnancy outcomes were not contaminated with the study intervention and we were 
able to include the results of the ‘control’ group as well. Consequently, the analyses 
based on pregnancy outcomes were confi ned to the multiparous women. 

Diff erences in baseline characteristics and prevalences of individual risk factors based 
on SES, ethnicity, ‘selected neighbourhood’ and pregnancy outcomes were compared 
with conventional statistical methods (chi-square test). Accordingly, we estimated the 
odds ratios (ORs) and 95%-confi dence intervals (95%-CI) for the ‘risk group’ compared 
to the ‘reference’ group (e.g. low SES compared to high SES, Big 4 compared to no Big 
4, non-western compared to western, etc.). Subsequently, we graphically compared 
the amount of risk factors in relation to adverse pregnancy outcome to visualize the 
potential eff ect of risk accumulation. 

Missing values in the survey were (<5%) excluded from the analysis. Missing values 
with respect to the obstetric history (<5%) were set to the most favorable values, e.g. 
all missing birth weights were set to ‘no SGA’ and included in the analysis. The assump-
tion was that these severe risk factors - if present - rarely will be left unrecorded. Risk 
estimates will thus not be exaggerated. Above described statistical analyses were 
performed using Statistical Package of Social Sciences versions 20.0 for Windows (SPSS 
Inc, Chicago, IL, USA).
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RESULTS 

In total 36 of the 39 eligible community midwife practices (92%) and 15 of the 16 hospi-
tals (94%) participated in the HP4All study. Of the 4636 pregnant women enrolled in the 
study between August 2012 and July 2014, 3214 fulfi lled the inclusion criteria and were 
analysed for this study (fi gure 8.1). 

Baseline characteristics of the included women are shown in table 8.1. Overall, 58.5% 
lived in the lowest SES category, 13.2% was low educated, 8.0% had a household income 
of less than €1000, and 22.9% was of non-western ethnicity. Of the multiparous women, 
24.7% had any Big 4 event in the obstetric history. These characteristics diff er among 
primiparous and multiparous women. More multiparous women lived in the lowest SES 
category (60.5 vs 56.5%), were low educated (15.1% vs. 11.2%), or from non-western 
descent (28.0% vs 17.7%), but slightly less women reported a low household income 
(7.2% vs. 8.8%).This was statistically confi rmed by Chi2-tests for trend (p < 0.001). 

Figure 8.1 Flowchart of the study population
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Prevalence of non-medical risk factors 

The prevalence of lifestyle and social risk factors in relation to socio-economic status and 
ethnicity are described in table 8.2. The risk factors ‘single parentship’ 2.65 (1.65-4.23), ‘low 
family income’ 1.90 (1.43-2.52), ‘low education level’ 1.61 (1.29-2.01), ‘no preconceptional 
folic acid use’ 1.40 (1.20-1.63) all were signifi cantly more present among women in the 

Table 8.1 Baseline characteristics

  Overall 
N = 3214

Primiparous
N=1599 (49.8)

Multiparous 
N=1615 (50.2)

Maternal age (median, range) 30 (15-47) 29 (15-47) 31 (18-46)

Ethnicity 

Dutch 2150 (66.9) 1148 (71.8) 1002 (62)

Other western 311 (9.7) 159 (9.9) 152 (9.4)

Non-western 736 (22.9) 283 (17.7) 456 (28)

unknown 17 (0.5) 9 (0.6) 8 (0.5)

SES

<p20 1180 (58.5) 903 (56.5) 977 (60.5)

p20-80 936 (29.1) 498 (31.1) 438 (27.1)

>p80 335 (10.4) 10 (10) 175 (10.8)

unknown 63 (2) 38 (2.4) 25 (1.3)

Education level

low 423 (13.2) 179 (11.2) 244 (15.1)

middle 1233 (38.4) 601 (37.6) 632 (39.1)

high 1507 (46.9) 797 (49.8) 710 (44.0)

unknown 51 (1.6) 22 (1.1) 29 (1.8)

Household income

<1000 258 (8) 141 (8.8) 117 (7.2)

1000-1999 837 (26.1) 375 (23.2) 462 (28.6)

2000-2999 933 (29) 457 (28.6) 476 (29.5)

>3000 1058 (32.9) 564 (35.3) 494 (30.6)

unknown 128 (4) 62 (3.9) 66 (4.1)

Obstetric history

Any miscarriage 718(22.3) 257 (16.1) 461 (28.5)

Any TOP 235 (7.3) 96 (6.0) 139 (8.6)

Any SGA < p10 NA NA 189 (11.7)

Any SGA < p5 NA NA 101 (6.3)

Any preterm birth NA NA 138 (8.5)

Any Big 4 NA NA 399 (24.7)

Top = termination of pregnancy; NA = not applicable.
SES = socio-economic status; SGA = small for gestational age 
Data are presented as N(%) unless otherwise specifi ed 
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low SES category and among non-western women. Such an association was absent in 
non-western women for the risk factors ‘smoking in fi rst trimester’ 0.85 (0.64-1.13) and 
‘passive’ smoking’ 0.98 (0.81-1.18). 

In total, 1751 women (55%) lived in one of the selected zip codes.  Above associations 
were also observed among women that were assigned as ‘potentially at risk’ (i.e. living in 
one of the selected zip codes). The risk factors single parentship (OR 2.64; CI 1.59-4.39), 
low family income (OR 1.81; CI 1.34-2.44), low education level (OR 1.62; CI 1.28-2.05), no 
preconceptional folic acid use (OR 1.32; CI 1.12-1.56), smoking in fi rst trimester (OR 1.41; 
CI 1.08-1.83), and passive smoking (OR 1.24; CI 1.04-1.48) were more prevalent in these 
areas when compared to zip codes with perinatal morbidity rates below municipal level 
(N = 444 women) (data not shown).

The above risk factors were clearly related to perinatal outcomes, e.g. we observed a 
signifi cant association between the outcome Big 4-morbidities and the risk factors: long 
working hours (OR 1.65; CI 1.18-2.30), low family income (OR 1.58; CI 1.06-2.36), and low 
education level (OR 1.65; CI 1.23-2.21) respectively (data not shown). Figure 8.2 displays 

low (<p20) middle (p20-80) high (>p80)

Socio-economic status

< €1000 €1000-€1999 €2000-€2999 > €3000

Family income

SGA p10 Preterm birth Big4

low middle high

Education level

non-western western

Ethnicity

A B

C D

Figure 8.2 The association between risk factor categories and the adverse perinatal outcomes small for 
gestational age (SGA), preterm birth, and Big 4 morbidities.  
Big 4 morbidities are defi ned as the presence of either SGA, preterm birth, congenital anomalies and/or 
Apgar score < 7 
A.  Socio-economic status below 20th percentile, between 20-80th percentile and above the 80th percen-

tile. 
B.  Education level: low (primary school or preparatory middle-level vocational education), high (high-level 

vocational education, pre-university education, (post)-university), middle (remainder). 
C. Family income
D. Ethnicity 



Non-medical risk factors, risk accumulation and perinatal outcomes 153

8

the association between risk factor categories and adverse perinatal outcomes.  It 
shows a gradual decrease in the likelihood of an adverse perinatal outcome going from 
unfavourable tot more favourable categories (e.g. from low to high educated). These 
trends were statistically confi rmed by Chi2-tests (p<0.05). We observed a threshold for 
the protective eff ect of ‘family income’ beyond an income level of € 2000. The associa-
tions between adverse perinatal outcome and socio-economic status and non-western 
ethnicity were both signifi cantly associated with the shown adverse perinatal outcomes 
(p<0.05). However, with respect to fi gure 8.2, stratifi ed analysis suggests that both 
variables follow identical pathways. If we adjusted the eff ect of socio-economic status 
on adverse perinatal outcome (any previous SGA or any previous Big 4) for non-western 
ethnicity, the eff ect of SES became non-signifi cant, while, reversely, the eff ect of non-
western ethnicity remained highly signifi cant after SES adjustment (p<0.001). 

Risk accumulation 

Table 8.3 depicts the infl uence of risk accumulation of non-medical risk factors on 
pregnancy outcomes among multiparous women. Generally the risk for all perinatal 
outcomes gradually increased with the number of risk factors. In women with no non-
medical risk factor, the risk for all adverse outcomes was below average (Big4 (OR 0.63; 
CI 0.50-0.80), SGA (OR 0.51; CI 0.37-0.69) or PTB (OR 0.67; CI 0.47-0.96). In women with 1 or 
more risk factors, we observed an increase in the presence of risk accumulation for Big 
4 morbidities and SGA, resulting in a threefold risk for Big 4 (OR 2.70; CI 1.27-5.7) and SGA 
(OR 2.57; CI 1.08-6.14) in case of 3 risk factors.  

Table 8.3 Risk accumulation of non-medical risk factors and pregnancy outcomes

  Obstetric history

  Any Big 4 Any SGA (<p10) Any Preterm birth

0 risk factor 0.63 (0.50-0.80) 0.51 (0.37-0.69) 0.67 (0.47-0.96)

1 risk factor 1.31 (1.01-1.71) 1.50 (1.06-2.12) 1.31 (0.87-1.96)

2 risk factors 1.65 (1.11-2.46) 2.09 (1.29-3.36) 1.37 (0.75-2.51)

3 risk factors 2.70 (1.27-5.7) 2.57 (1.08-6.14) 2.38 (0.89-6.35)

Risk factors: single parentship, work hours > 36 hours, smoking in fi rst trimester, low family income, low 
education level 
Big 4: small for gestational age, preterm birth,  congenital anomaly, and/or Apgar score < 7 
SGA = small for gestational age 
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DISCUSSION 

Main fi ndings 

Our results confi rm fi ndings from studies reporting that women in the lowest SES 
category and women of non-western descent are at a substantially increased risk for 
adverse pregnancy outcomes, through the mechanism of accumulation of non-medical 
risk factors. We observed a gradual increase in prevalence of adverse perinatal outcome 
(overall perinatal morbidity and SGA and PTB separately) regarding the severity of a risk 
factor category, going from the least to the more favourable category of the risk factor. 
Apparently risk accumulation explains perinatal inequalities between groups. The risk 
impact on non-medical risk factors on adverse perinatal outcome was proportionally 
related to the number of non-medical risk factors up to a three-fold increased risk in 
case of 3 factors.  

Possible explanations 

This proportional relation between non-medical risk factors and adverse perinatal 
outcome was previously reported 5 7 11, and most likely refl ects a general mechanism 
of health inequalities, in this case emerging in the off spring of pregnant women. 18 19 
Multiple pathways are in place, acting on diff erent aggregation levels (individual, fam-
ily, neighbourhood), but low income and low education seem pivotal.6. Low income is 
associated with poor housing, nutrition, and health care access, and low education is 
associated with low health literacy adding to the eff ects of decreased health care ac-
cess.4 Decreased wealth and living conditions also increase physiological stress.20 Beside 
individual risk factors, neighbourhood deprivation at a higher aggregation level plays 
also an independent role in adverse perinatal outcome.2 It is known that lifestyle and 
social risk factors (non-medical risk factors) are much more common in these deprived 
areas, while their prevention and modifi cation is also more demanding.4 21 

We found that both SES and non-western ethnicity were both signifi cantly related to 
adverse perinatal outcomes. However, when we adjusted the eff ect of SES on adverse 
perinatal outcome for non-western ethnicity, the eff ect of SES became non-signifi cant. 
This suggests that there might be an independent eff ect of ethnicity. This independent 
eff ect was previously described by others. 5 22 It was also shown that social deprivation 
plays a diff erent role among Western and non-Western women. Possible causative 
explanations were increased density of migrant groups in particular neighbourhoods 
23, the infl uence of social capital in these particular neighbourhoods 24, diff erences in 
lifestyle behaviours (e.g. smoking behaviour) 25, and for example epigenetic eff ects.5 26 
Unfortunately, the design of our study did not allow to investigate whether the eff ect 
of SES and non-western ethnicity were truly independent or in some way interrelated, 
neither did our sample size permitted for specifi c ethnic subgroup analysis.
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Beside diff erences between socio-economic status and ethnicity, we also observed 
outcome specifi c diff erences in the impact of non-medical risk factors. As previously 
noted, these relationships are stronger for SGA than for preterm birth.7 This diff erence 
could be explained by its etiology. The presence of preterm birth is in part a iatrogenic 
factor (in clinical entities without non-medical risk profi le) is namely absent for SGA. 

The overall prevalence of non-medical risk factors was higher in non-western women. 
This may be of importance as recent evidence demonstrated social deprivation to play 
a diff erent role in western and non-western women, with much strong contrasts in the 
non-western group 5 22 27 28 In our study, numbers were unfortunately too small to further 
investigate this interaction eff ect. 

In accordance with Timmermans et al, we found that risk accumulation may prepos-
sess the apparently moderately sized individual eff ects of heterogeneous risks. The 
individual contribution of non-medical risk factors may be small, but the risk accumulat-
ing general eff ect of a deprived social background may rise an often accompanied by 
several medical and non-medical risk factors, may lead to a relevant high risk case.11 

Strengths and limitations 

A strength in the current study was the availability of prospectively collected data in 
selected geographical areas of potentially high risk populations exposed to routine an-
tenatal healthcare. This approach created a suitable population with enough ‘risk load’ 
to study the prevalence of non-medical risk factors according to socio-economic status, 
and ethnicity. Eventually, more than half of our study population lived in one of the 
selected zip codes. The use of individually, prospectively collected determinants rather 
than the dependence on area based aggregates adds to its strength. 

Some limitations are present as well. First of all, this study was embedded in a cluster 
randomized controlled trial.12 In this trial, an intervention to improve antenatal health-
care for especially non-medical risk factors was implemented in half of the municipali-
ties involved. Consequently, we were dependent on the obstetric history of the women 
included since perinatal outcomes from the present pregnancy might be contaminated 
as we hypothesized improvement through this intervention. This resulted in the rather 
unusual postdiction association in which we predicted adverse outcomes based on de-
terminants that were measured in a subsequent pregnancy. We assumed that the static 
nature of non-medical determinants allowed for the estimation of such a retrospective 
association. This also implied that we could use only half the database for the analysis 
regarding perinatal outcomes since the obstetric history is nonexistent primiparous 
women. Thereby we cannot rule out a selection bias, because observed a diff erence in 
baseline characteristics between primiparous and multiparous women. With the use 
of obstetric history, an information bias should also be noted through its retrospective 
nature. Although obstetric history was recorded by healthcare professionals self and 
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retrievable for the investigators, some information was unavailable (for example 5% 
missing birth weights). We addressed this by analyzing the data conservatively by set-
ting all missing to the most favourable setting, but it might have infl uenced our results. 

A second limitation is related to the questionnaire we have used. All risk factors were 
self-reported, so under-reporting cannot be excluded. Also misclassifi cation through 
language profi ciency should always be considered, although all questionnaires were 
available in 6 languages. 

Thirdly, we cannot rule out a selection bias due to selective participation. Selective 
participation would limit the potential to study risk accumulation as a less deprived 
population decreases the risk factor prevalence, in particular from non-medical domains, 
which in turn decreases the number of patients with multiple exposure categories.11 29 

Despite our targeted study design, we observed a relatively well-educated, western 
population. It was shown that the level of area deprivation was associated with selective 
participation, with participation  rates almost 10 percent lower in the most deprived 
areas.30 We were not able to verify the non-response the questionnaires in relation to 
socio-demographic characteristics, but both selective participation and selective non-
response might have biased our results.29 

Lastly, risk accumulation was now based on the measurement of only fi ve socio-
demographic risk factors, as feasibility limits the length of our instrument. In a larger 
practice-based study, we expect the infl uence of the cumulative presence of non-medi-
cal risk factors could be studied in more depth. 

   

Practical implications 

Taking the evidence from the present study and previous studies on non-medical risk 
factors and risk accumulation into account, it makes sense to organize tailor-made ante-
natal healthcare responsive to women’s needs, preferably with the involvement of local 
initiatives and engagement of Public Health services to approach these risk factors.12 31 
Early detection (preferably at the intake) may contribute to the improvement of perina-
tal outcomes either by increased awareness or the ability of risk modifi cation.32 In the 
view of already increased risk of medical risk factors in these women11, non-medical risk 
factors require active screening and active intervention.33 We believe that the emerging 
knowledge on the predictive role of both medical and non-medical risk factors, and risk 
accumulation justifi es the implementation of structural risk assessment in antenatal 
healthcare.32 

Future research could focus the eff ectiveness of such approach on pregnancy out-
comes, could reveal the predictive value of non-medical risk factors on pregnancy 
outcomes and time of assessment (preconceptional, early antenatal, repetitive or post-
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natal), could investigate the pathway behind risk accumulation, and could further reveal 
risk patterns in specifi c ethnic subgroups related to deprivation. 

CONCLUSION

Women in the lowest SES category and women of non-western descent are at a sub-
stantially increased risk for adverse pregnancy outcomes through the increased level 
of non-medical risk factors. Our results might be explained by the accumulation of indi-
vidual risk factors. Our fi ndings show in accordance with other studies the importance 
of maternal non-medical risk factors (especially educational level and income) and 
neighbourhood of living, which are both strong predictors for the observed inequalities. 
Targeted antenatal healthcare could be delivered in order to reduce this gap. 
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ABSTRACT 

Background In a national perinatal health programme, we observed striking heteroge-
neity in the explanation of the most prominent risks across municipalities. Therefore 
we explored the separate contribution of several socio-demographic risks on perinatal 
health inequalities between municipalities and neighbourhoods. The study aims to 
identify perinatal health inequalities on the neighbourhood level across the selected 
municipalities, and to objectify the contribution of socio-demographic risk factors 
on pregnancy outcomes in each municipality by the application of the population 
attributable risk concept.

Methods Population based cohort study (2000-2008). Perinatal outcomes of 352,407 
single pregnancies from 15 municipalities were analysed. Odds ratios and population 
attributable risks were calculated. Main outcomes were combined perinatal morbidity 
(small-for-gestational age, preterm birth, congenital anomalies, and low Apgar score), 
and perinatal mortality. 

Results Perinatal health inequalities existed on both the municipal and the neigh-
bourhood level. In municipalities, combined perinatal morbidity ranged from 17.3% 
to 23.6%, and perinatal mortality ranges from 10.1‰ to 15.4‰. Considerable diff er-
ences in low socio-economic status between municipalities were apparent, with 
prevalences ranging from 14.4% to 82.5%. In 7 municipalities, signifi cant diff erences 
between neighbourhoods existed for perinatal morbidity (adjusted OR ranging from 
1.33-2.38) and for perinatal mortality (adjusted OR ranging from 2.06-5.59). For some 
municipalities, socio-demographic risk factors were s a strong predictor for the ob-
served inequalities, but in other municipalities these factors were very weak predic-
tors. If all socio-demographic determinants were set to the most favourable value in a 
predictive model, combined perinatal morbidity would decrease with 15% to 39% in 
these municipalities.

Conclusions Substantial diff erences in perinatal morbidity and mortality between 
municipalities and neighbourhoods exist. Diff erent patterns of inequality suggest dif-
ferences in etiology. Policy makers and healthcare professionals need to be informed 
about their local perinatal health profi les in order to introduce antenatal healthcare 
tailored to the individual and neighbourhood environment. 
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BACKGROUND

It is becoming increasingly clear that health inequalities in western countries are also 
expressed in adverse perinatal outcomes, such as preterm birth, growth restriction, 
and perinatal mortality. These adverse perinatal outcomes are especially observed in 
deprived districts and are often associated with socio-economic and ethnicity related 
risk factors such as low education, low-income and poor integration into society. Socio-
economic status and neighbourhood deprivation are most consistently related to these 
adverse outcomes.1-4 Socio-economic status can induce adverse perinatal outcome 
though multiple pathways, but most importantly through low education and low 
income levels.5 However, it is still unclear to what extent the eff ect of neighbourhood 
deprivation goes beyond the eff ect of poor level of socio-economic status at the indi-
vidual level.6 

Two consecutive reports on perinatal health revealed a relatively unfavourable posi-
tion of the Netherlands regarding perinatal mortality.7, 8 Subsequent nationwide cohort 
studies revealed an equally high impact on perinatal outcomes of non-medical risk fac-
tors (e.g. social or lifestyle) compared to medical and obstetrical risk factors.9-11 In order 
to gain more insight into these causes and their impact, the concept of ‘Big 4 morbidi-
ties’ was introduced.[12] This study showed that four specifi c defi ned conditions precede 
perinatal mortality in 85% of all cases of perinatal mortality, namely small for gestational 
age (birth weight < 10th percentile for gestational age)13, preterm birth (birth < 37 weeks 
of gestation), congenital disorders, and / or low Apgar score (< 7 after 5 minutes). 

Taking this prior knowledge into account, the Healthy Pregnancy 4 All (HP4All) study 
was initiated to improve perinatal health and to generate eff ective strategies in disad-
vantaged areas in the Netherlands.[14] This national study was supported by the Dutch 
Ministry of Health, Welfare and Sport and combines epidemiologic and health services 
research to evaluate the eff ectiveness of two obstetric interventions in preconception 
care and antenatal healthcare. Municipalities were selected to participate according 
to socio-demographic data (high risk load) and perinatal outcome data (high adverse 
outcome prevalence).14 

Part of the initial fi eldwork included consultation with local stakeholders (e.g. caregiv-
ers, policy makers) to identify reasons for deprivation. We observed a striking heteroge-
neity in the explanation of the most prominent risks across municipalities. Unlike the 
hypothesised homogeneity in deprived areas as known from fi ndings described above, 
the diff erences in relative weight of socio-economic and ethnicity related risk factors 
were much more divergent according to these local stakeholders. 

We therefore explored the separate contributions of several socio-demographic risks 
in neighbourhood perinatal health inequalities in more detail. This study aims (1) to 
identify perinatal health inequalities on the neighbourhood level across the selected 
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municipalities, and (2) to objectify the contribution of socio-demographic risk factors 
on pregnancy outcomes in each municipality by the application of the population at-
tributable risk (PAR) concept. 

METHODS

Study population 

The selection of the 15 municipalities took place within the Healthy Pregnancy 4 All study. 
In a thorough preparatory analysis, 50 geographical areas (municipalities) were identi-
fi ed in which adverse perinatal outcomes were high. The list was obtained by combining 
epidemiological evidence on adverse outcomes from the national perinatal registries 
of midwives, obstetricians and paediatricians.15, 16, 14 The 15 municipalities showing the 
highest perinatal morbidity and mortality rates were selected. All selected municipali-
ties have an above average perinatal mortality rate and have numerous disadvantaged 
neighbourhoods. Data of pregnant women from these 15 selected Dutch municipalities 
were analysed in this study. The detailed selection process of these municipalities was 
described elsewhere.[14 

Study context

The study was conducted in the Dutch antenatal healthcare system. The organisation 
of the Dutch perinatal care system is unique as, in contrast to most other western 
countries, midwifery and obstetric care is delivered by primary, secondary and tertiary 
healthcare providers who function autonomously. At the primary level of care, commu-
nity midwives provide care to pregnant women with an assumed or estimated low risk 
for complications during pregnancy and childbirth. Women allocated by the midwife to 
this low-risk status can opt for a home birth or for an out-patient hospital birth under 
supervision of their own community midwife. Around 80% of all pregnant women start 
their antenatal health care in the primary level of care. If complications threaten to occur 
during pregnancy or during delivery, women are referred to an obstetrician in a second-
ary or tertiary hospital.17

Data sources 

Data from all singleton pregnancies in 15 selected municipalities over the period 
2000-2008 were obtained from the Dutch Perinatal Registry (PRN). The PRN committee 
gave ethical approval for this study (amendment on application 11.36). As the database 
protects the anonymity of the included pregnant women and data were analysed 
anonymously, their written consent was not needed. 
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This registry contains detailed population-based information on pregnancies, deliver-
ies, and neonatal (re)admissions until 28 days postpartum, recorded at the level of the 
child. Source data were obtained by validated linkage of three independent registries: 
the midwife registry (routinely collected by 94% of the midwives), obstetrics registry 
(collected by 99% of the obstetricians), and pediatric registry (68% of the paediatricians 
including 100% of the Neonatal Intensive Care Unit (NICU) paediatricians).[15, 16] Registra-
tion of midwifery and obstetric data starts at the fi rst antenatal visit, and complete peri-
natal data is available from 20 weeks of gestation. The neonatal registry only contains 
data on hospital admissions of neonates following delivery. Overall, the PRN contains 
data of > 97% of all pregnancies in the Netherlands. 

For determination of neighbourhood boundaries, we used both four-digit post codes 
and municipal neighbourhood boundaries, as established by the national Central Bureau 
for Statistics (CBS) in 2012 (open access). This last institute is responsible by law for the 
subdivision of all municipalities in the Netherlands into districts and neighbourhoods 
amongst others for statistical purposes. This subdivision is based on existing municipal 
boundaries which occasionally do not coincide with four-digit post code boundaries. As 
our primary data were post code based, in those instances the post code was assigned 
to the neighbourhood with the largest share in that particular post code. An exception 
was made for ‘The Hague’. Historically, this municipality has a diff erent post code clas-
sifi cation system resulting in 44 neighbourhoods with many overlapping post codes. 
We therefore combined several adjacent neighbourhoods and reduced the number to 
24 neighbourhoods which allowed for adequate projection of post codes to neighbour-
hoods. Neighbourhoods containing industrial areas were generally excluded because 
these areas are non-residential.

Primary outcomes and determinants 

Primary outcomes were perinatal morbidity (Big 4) and perinatal mortality. Big 4 was 
defi ned as the presence (single or combined) of small for gestational age (SGA) (birth 
weight < 10th percentile for gestational age)[13], preterm birth (PTB) (birth < 37 weeks of 
gestation), congenital disorders (list defi ned), and / or suboptimal start at birth (Apgar 
score < 7 after 5 minutes). Perinatal mortality rate was defi ned as death in the period 
from 22 weeks gestational age until 7 days postpartum per 1000 births. 

Socio-demographic risk factors included socio-economic status (SES), ethnicity (west-
ern, non-western), parity (nulliparous, multiparous) and maternal age. Data on socio-
economic status was made available by The Netherlands Institute for Social Research 
(open access) and provided as status scores on post code level. The SES status scores 
were composed of 4 indicators: the average household income per particular post 
code, the proportion of residents with a low family income, the proportion of poorly 
educated residents and the proportion of unemployed residents in a particular post 
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code. We divided these status scores into tertiles: below the 20th percentile, between 
the 20th and 80th percentile, or above the 80th percentile. The post code comprises of 
socio-economically rather homogeneous small areas with about 25-50 newborn per 
year. This data was individually linked to the birth record database.[19] Ethnicity was 
assigned by the caregiver according to the classifi cation of the PRN. The PRN defi nes 
‘ethnicity’ along seven categories in line with the formal guidelines of the CBS: Western 
Dutch, Western other (including women from other European countries, Australia, and 
the United States), and non-Western: Mediterranean, (East) Asian, African, South Asian, 
or other non-Western. The classifi cation of ethnicity recorded in the PRN was made by 
the health care professional and is typically based on a woman’s appearance, name, and 
information provided in the context of history taking (at least until January 2015). Note 
that there is a distinction in the execution of classifi cation between the PRN database 
and the formal, governmental CBS guidelines where classifi cation was more national-
ity based on the basis of the information provided by the person (country of birth and 
parents’ country of birth).

Statistical analysis 

The prevalence of perinatal morbidity and mortality was analysed on the municipal 
level, and specifi cally within the selected municipalities.[14] We used data from the years 
2000–2008, with the total number of singleton births as denominator. We restricted our 
data to all singleton pregnancies in the 15 selected municipalities. 

Logistic regression was used to study the relation between perinatal morbidity and 
mortality, and the neighbourhood of residence. The neighbourhood that had the low-
est prevalence of adverse perinatal morbidity was chosen as the reference category. 
These analyses were adjusted for individual factors such as SES, maternal age, parity, 
ethnicity, and calendar year. In all analyses, municipalities were analysed separately with 
a signifi cance level set at 0.05. All variables were tested for interaction, and included 
when statistically signifi cant. Above described statistical analyses were performed using 
Statistical Package of Social Sciences versions 20.0 for Windows (SPSS Inc, Chicago, IL, 
USA).

Population attributable risks

In order to visualise the contribution of socio-demographic risk factors on perinatal 
morbidity in each municipality, we calculated the population-attributable risk (PAR) per-
centages. The PAR of a risk factor is the proportion of disease (i.e. pregnancy outcomes) 
that can be attributed to a specifi c risk factor only among individuals with the risk factor.
[20] In the standard formula, PAR estimations are subject to limitations because the for-
mula is not additive if multiple risk factors interact.11 Therefore, we followed the staged 
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approach as described by Poeran and colleagues to estimate perinatal morbidity in case 
selected risk factors were hypothetically absent.11

The aim of this analysis is to estimate the PAR of socio-demographic risk factors. 
Therefore, we calculated the PAR for two scenarios. In the fi rst scenario, risk factors were 
set to ‘the most favourable values’ in terms of outcome whereby all women were ‘as-
signed’ to the highest SES category (>p80), multiparous, western ethnicity, and 25-29 
years old. In the second scenario, risk factors were set to ‘more reasonable values’. Only 
the women in extreme categories were reassigned: women in the low SES category were 
assigned to middle SES category (p20-p80) and women aged < 18 years or > 35 years 
were assigned to the reference category ‘25-29 years’. The values in the original dataset 
remained unchanged.

To estimate perinatal morbidity (Big 4), we created a duplicate dataset in which the 
outcome variables were set to ‘missing values’. We fi tted a multivariate logistic regres-
sion model on the original dataset to calculate predicted values. The predicted values 
obtained from the fi tted model were used to predict the number of Big 4 cases for both 
scenarios, the ‘most favourable values’ and ‘more reasonable values’. For example, the 
expected number of Big 4 cases in the ‘most favourable scenario’ was estimated by ap-
plying the predicted values from the fi tted multivariate logistic regression model to the 
duplicate dataset in which all women were hypothetically reassigned to above listed 
scenario (e.g. highest SES category). 

Finally, the observed Big 4 cases in the original dataset were compared to the predict-
ed cases of Big 4 for both duplicate datasets. PARs were estimated as the proportional 
change of the predicted and observed cases. For this analysis, we used the GLIMMIX 
procedure in SAS version 9.2 to calculate the predicted values of perinatal morbidity 
(SAS Institute Inc., Cary, NC). 

RESULTS

A total of 352,407 singleton pregnancies were analysed. The number of pregnancies per 
neighbourhood ranged from 105 to 16,614 (mean of 2,908 pregnancies per neighbour-
hood).

As a total of 1,584,800 births occurred in the Netherlands during 2000-2008, our study 
represents 22% of all births. Considerable diff erences in prevalences of low SES (preva-
lences ranging from 14.4% – 82.5%) and non-Western ethnicity (prevalences ranging 
from 8.8% - 47.8%) were apparent across municipalities (table 9.1). 

SGA (ranging from 6.9% - 10.3%) and PTB (ranging from 5.6% - 7.8%) determined 
the largest part in Big 4 outcomes (17.3% - 23.6%). In the years 2000-2008, the average 
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Table 9.1 Characteristics of 15 studied Dutch municipalities in 2000-2008

Municipality
Number of 
residents*

Number of 
births 2000-
2008

Number of 
neighbour-
hoods

Number of 
births in low 
SES (<p20)**, 
N (%)

Number 
of births in 
non-western 
women, N (%)

Almere 193163 19302 5 2789 (14.4) 5996 (31.1)

Amsterdam 790110 90535 8 58944 (65.1) 41897 (46.3)

The Hague 502055 53712 24 27125 (50.5) 22856 (42.6)

Enschede 158 048 15312 10 8103 (52.9) 3006 (19.6)

4 villages in the province 
Groningen

309244 5850 4 3282 (56.1) 515 (8.8)

Groningen city 193127 17372 10 7689 (44.3) 2499 (14.4)

Heerlen 89016 6864 12 5663 (82.5) 1008 (14.7)

Nijmegen 165 182 15519 10 7254 (46.7) 2529 (16.3)

Rotterdam 616260 64353 15 46218 (71.8) 30755 (47.8)

Schiedam 76244 5715 7 3350 (58.6) 2312 (40.5)

Tilburg 207580 20354 10 9548 (46.9) 4528 (22.2)

Utrecht 316275 37519 10 1289 (34.4) 10110 (26.9)

The Netherlands 16730348 1584800 NA 399999 (25.2) 257383 (16.2)

NA = not applicable, SES = socio-economic status 
*In 2012
**Defi ned as status score below the 20th percentile 

Table 9.2 Perinatal morbidity and mortality rates of the 15 studied Dutch municipalities in 2000-2008 

Municipality SGA (<p10), 
n(%)

Preterm birth Congenital 
anomaly, n(%)

Low apgar 
score

Perinatal 
morbidity, 
n(%)

Perinatal 
mortality (‰)

Almere 1544 (8.0) 1300 (6.7) 532 (2.8) 222 (1.2) 3788 (19.6) 198 (10.3)

Amsterdam 7397 (8.2) 5677 (6.3) 1763 (1.9) 1307 (1.4) 16707 (18.5) 963 (10.6)

Den Haag 4747 (8.8) 3474 (6.5) 1812 (3.4) 701 (1.3) 11075 (20.6) 590 (11.0)

Enschede 1214 (7.9) 1005 (6.6) 370 (2.4) 226 (1.5) 2290 (19.5) 170 (11.1)

Nijmegen 1274 (8.2) 1048 (6.8) 350 (2.3) 254 (1.6) 2997 (19.3) 191 (12.3)

Groningen city 1226 (7.1) 1073 (6.2) 334 (1.9) 311 (1.8) 3005 (17.3) 175 (10.1)

4 villages in the 
province Groningen

462 (7.9) 455 (7.8) 126 (2.2) 65 (1.1) 1140 (19.5) 90 (15.4)

Heerlen 709 (10.3) 515 (7.5) 261 (3.8) 90 (1.3) 1618 (23.6) 69 (10.1)

Schiedam 535 (9.4) 448 (7.8) 158 (2.8) 88 (1.5) 1255 (22.0) 75 (13.1)

Rotterdam 5892 (9.2) 4490 (7.0) 1670 (2.6) 973 (1.5) 13668 (21.2) 730 (11.3)

Utrecht 2582 (6.9) 2087 (5.6) 1912 (5.1) 410 (1.1) 6962 (18.6) 415 (11.1)

Tilburg 1850 (9.1) 1384 (6.8) 461 (2.3) 223 (1.1) 4142 (20.3) 212 (10.4)

The Netherlands 111712 (7.0) 97353 (6.1) 44868 (2.8) 18211 (1.1) 281863 (17.8) 15093 (9.5)

Perinatal morbidity is defi ned as a combined measure of small for gestational age (SGA), preterm birth, 
congenital anomaly, and / or low Apgar score.
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perinatal mortality rate in the Netherlands was 9.5‰. In all municipalities, perinatal 
mortality rates were higher than the national average (10.1‰ - 15.4‰) (table 9.2). 

Neighbourhood inequalities 

Almost all 15 municipalities showed signifi cant diff erences between neighbourhoods 
for both perinatal morbidity and mortality rates. Diff erences were especially large for 
perinatal mortality, in which the adjusted odds ratios between the lowest and highest 
prevalence was 4 to 5 (table 3). Analyses were adjusted for maternal age, parity, ethnicity, 
SES, and calendar year eff ect. The multivariate analysis for the municipality ‘Heerlen’ was 
not applicable. In this particular municipality, there were only low SES areas. Since neigh-
bourhood and SES are strongly correlated if not identical, it was not possible to make 
a proper comparison between highest and lowest categories. Interactions between all 
variables were found to be non-signifi cant. Overall, missing values were less than 1%. 
Missing values were set to the most favourable values, e.g. all missing birth weights were 
set to ‘no SGA’ and included in the analysis (table 9.3). 

Socio-demographic factors 

In fi gure 9.1 we displayed the observed Big 4 outcome of pregnant women in each 
municipality (from the original dataset), and the predicted Big 4 outcomes from the 
duplicate dataset in case of ‘the most favourable’ and ‘most reasonable’ values with the 

19,6
18,5

20,6
19,5 19,3

17,3

19,5

23,6

22
21,2

18,6

20,3

0

5

10

15

20

25

Perinatal morbidity (%) in current situation

Perinatal morbidity (%) when set to more reasonable values

Perinatal morbidity (%) when set to most favourable values

Figure 9.1 Observed and predicted perinatal morbidity in the 15 selected municipalities.  
The selected risk factors were set to ‘the more reasonable values’ and to ‘most favourable values’. In the fi rst 
scenario, only the women in extreme categories were reassigned: women in the low SES category were 
assigned to middle SES category (p20-p80) and women aged < 18 years or > 35 years were assigned to the 
reference category ‘25-29 years’. In the second scenario, all women were ‘assigned’ to the most favourable 
values: highest SES category (>p80), multiparous, western ethnicity, and 25-29 years old. NA = not appli-
cable (no cases in highest SES category), *4 villages in the province Groningen
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corresponding PARs. In both scenarios, the predicted Big 4 decreased in all municipali-
ties if socio-demographic risk factors were hypothetically ‘absent’. 

With this fi gure we illustrated that the contribution of socio-demographic risk factors 
to Big 4 outcomes diff ered considerably among municipalities. If – hypothetically - all 
women would be multiparous, 25-29 years old, of western ethnicity and correspond 
to the highest SES category (above the 80th percentile), perinatal morbidity would be 
reduced by 39% in Rotterdam and 15% in Utrecht. In other words, the contribution of 
socio-economic risk factors was nearly one third for some municipalities such as En-
schede (33%), Heerlen (39%), and Rotterdam (33%), but appeared to be much lower 
for others such as the municipalities Almere (16%) and Utrecht (15%) (data not shown).

DISCUSSION 

In this study we showed that patterns in perinatal health inequalities diff er on both the 
municipal and neighbourhood level: some municipalities show overall high rates of 
adverse perinatal outcomes, while others show large diff erences between neighbour-
hoods. These neighbourhood diff erences were particularly pronounced for perinatal 
mortality. After adjustment for socio-demographic risk factors, such as SES, maternal 
age, parity, and ethnicity, these diff erences remained largely present. 

These fi ndings are in line with previous studies in which area-level socio-economic 
variables, such as neighbourhood income or poverty, remained signifi cant after adjust-
ment of individual variables.[10, 21, 22] A previously conducted study in the Netherlands 
also observed regional diff erences within the Netherlands, but focused more on care 
related factors such as travel time.23 

With the use of PARs, we tried to further explore these diff erences across municipalities 
by calculating the attribution of socio-demographic risk factors on adverse outcomes. In 
some municipalities these risk factors are a strong predictor for the observed inequalities 
by explaining almost a third of the observed diff erences, while in others their contribu-
tion seem less prominent. Behind the general observation that perinatal morbidity and 
mortality rates are high in these municipalities, diff erent mechanisms are apparently 
involved. This might be attributed to other explanatory factors, not included in this 
analysis, such as travel time to a hospital, place of birth, child factors, organisational fac-
tors and / or caregiver related factors which are all associated with adverse pregnancy 
outcomes.24-26, 11 Two other studies conducted in the Netherlands also calculated PARs 
by using the same data, but both focused on perinatal mortality and were therefore not 
entirely comparable.27, 11 Poeran and colleagues used the same PAR method as we did 
in our analysis. They estimated the PAR for (the combined eff ect of ) maternal, child and 
organisational factors. They found a large reduction (over 94%) in perinatal mortality 
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when all factors were set to the most favourable value.11 However, this was a nationwide 
study without focus on area-based diff erences. 

Strengths and limitations 

A major strength of this study was the usage of a validated national perinatal dataset 
with an almost complete coverage of all pregnancies in the Netherlands over a long 
period (2000-2008). This dataset includes many variables on both risk and healthcare 
factors which allowed for detailed analyses. Although the included municipalities had 
higher rates of perinatal morbidity and mortality than average, they represent one fi fth 
of all pregnancies in the Netherlands. Previous studies were often municipality-based 
but not nationwide.3 By including 15 diff erent municipalities, we revealed major diff er-
ences between areas in a relatively small country and high standards of health care. 

This study also has some limitations. Area based measures such as socio-economic 
status may not correspond to the individual pregnant women, and do not refl ect 
heterogeneity among individuals, healthcare professionals or other characteristic fac-
tors within a particular neighbourhood. We dealt with three levels of data (individuals 
that were clustered in a neighbourhood setting which were in turn nested in cities), 
so one can consider the use of multilevel type of analysis. Multilevel models address 
the hierarchical nature of data. Clustering primarily violates the independence of error 
assumption of most other regression designs.[28] The net eff ect of multilevel models is 
a widening of confi dence intervals of individual eff ects, while careful comparison of 
diff erences between random slope and random intercept models give an impression 
on the degree to what level eff ects actually are present. In the case of the selected 15 
countries, we judged that the use of multilevel-modelling was not benefi cial. Foremost, 
this is a comparison of selected cities and neighbourhoods. This aimed a straightforward 
contrast, rather than a complete neighbourhood study where we felt that multi-level 
modelling would be more appropriate. We phrased the fi ndings in a non-exaggerating 
way, which circumvents over optimism with the estimated (individual) intervals.

A limitation was the use of neighbourhood level SES instead of a single individual vari-
able which was unavailable. It has been shown that without adequate control of individ-
ual socio-economic factors, neighbourhood eff ects might act as proxy for unmeasured 
aspects of unmeasured individual factors.29 The post code size was small (on average 50 
deliveries per year) and post codes were therefore also used as pseudo-individual SES 
indicator in for example compensation payments to caregivers for the assumed added 
services in deprivation areas. It has been suggested that the choice of using neighbour-
hood level variables may be less critical since this captures the unmeasured individual 
level variation in outcomes and that misspecifi cation of the neighbourhood eff ect is less 
likely to occur.30 However, the invincible use of post code boundaries in our study did 
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not always refl ect the actual neighbourhood boundary, which may be a limitation of this 
study if adjacent neighbourhoods were contrasting.30, 31 

The two greatest advantages of using the PRN database were the large amount of 
data from pregnancies in the Netherlands that became available over time (over 1 mil-
lion records) and the high rate of complete cases (more than 97%). However, by using 
the PRN database we also faced some limitations. Firstly, the medical registry mainly 
captures data on specifi c processes in the healthcare process such as admissions or 
pregnancy complications. Data on medical, social and pregnancy related risk factors 
as well as the performance and outcome on prenatal screening are lacking. Using this 
data for research purposes, other requirements such as the amount and quality of 
information also become important. One of the disadvantages we faced in our study 
was the participation of only 70% of all pediatric wards in the Netherlands (and 100% 
of the NICU facilities). This means that partial and selective participation challenges the 
completeness of short term neonatal outcome. The outcomes reported here, however, 
are complete as these primarily are recorded by midwife and obstetrician. Secondly, the 
lack of data of some important maternal risk factors for perinatal morbidity and mortal-
ity, such as level of education, smoking during pregnancy, maternal body mass index 
and folic acid intake was another important limitation of using this database. Smoking 
is registered in the Perinatal Registry, but this information was not used because of 
underreporting (prevalence 0.5%). Thirdly, we faced some limitations in the approach 
of dichotomous grouping of Western and non-Western women. By dichotomising di-
verse ethnic groups, socio-demographic characteristics may resemble but groups may 
diff er with respect to patterns of social status, health behavior, biological set up, and 
consequently birth outcomes. As mentioned in our second limitation, we were unable 
to study specifi c risk factor patterns among various ethnic groups, if they should exist. 
In addition, this approach might result in an oversimplifi cation as this dichotomy might 
lead to the perception that all non-Western ethnic groups are ‘the same’, refl ecting a 
uniform problem.[32] As we were primarily interested in examining perinatal health in-
equalities on the neighbourhood level across the selected municipalities, and to objec-
tify the contribution of socio-demographic risk factors on adverse pregnancy outcomes 
in each municipality by the application of the population attributable risk concept, we 
opted for this dichotomous classifi cation of Western versus non-Western women. By 
using two simplifi ed two categories, we tried to evade a potential misclassifi cation due 
to the allocation of ethnicity on basis of a woman’s appearance in the PRN database. This 
dichotomous approach was also used in previous studies.32, 33 

Practical implications and future research

In this study, we observed marked diff erences in perinatal outcomes across munici-
palities. We observed diff erent patterns in these disparities: some showed high rates of 
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perinatal morbidity and / or mortality, while others showed large diff erences between 
neighbourhoods, or both. Remarkably, socio-demographic risk factors were not always 
associated with the observed inequalities. 

With this study we also emphasise the importance of tailor-made antenatal health-
care, which seems necessary to encounter potential high risk pregnancies. We advise 
policy makers and health care professionals to develop additional local policy to defi ne 
their high risk population, e.g. by means of customised preconception care and systemic 
risk assessment tailored to the individual and social environment of both the woman 
and the working area of a caregiver. This implicates that more research is necessary to 
explore etiologic factors associated with perinatal morbidity and mortality on regional 
level. In 2012 in the Netherlands regional so-called research consortia were constituted 
to enhance local collaboration which could anticipate to our fi ndings. In addition, more 
research is necessary to develop specifi c recruitment strategies to timely reach high risk 
populations. 

CONCLUSION

In conclusion, substantial diff erences in perinatal morbidity and mortality between mu-
nicipalities and neighbourhoods exist. Socio-demographic risk factors in municipalities 
are not always a strong predictor for the observed inequalities, implicating that diff er-
ent mechanisms are involved. Our fi ndings suggest that the identifi cation of perinatal 
morbidity and mortality rates, organisational features of care and etiologic factors on 
regional level are a valuable fi rst step to customise antenatal healthcare. 
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ABSTRACT

Objective This study aims to summarize evidence on the relation between neighbour-
hood deprivation and the risks for preterm birth, small for gestational age (SGA), and 
stillbirth. 

Design Systematic review and meta-analysis. 
Methods Study selection was based on a search of Medline, Embase and Web of Science 

for articles published up to April 2012, reference list screening, and email contact with 
authors. We included studies that directly compared the risk of living in the most de-
prived neighbourhood quintile with least deprived quintile for at least one perinatal 
outcome of interest (prematurity, SGA, and stillbirth). Data on study characteristics, 
outcome measures, and quality were extracted by two independent investigators. 
Random-eff ects meta-analysis was performed to estimate unadjusted and adjusted 
summary odds ratios (ORs) with the associated 95% confi dence intervals. 

Results We identifi ed 2863 articles of which 24 were included in a systematic review. 
A meta-analysis (N = 7 studies, including 2 579 032 pregnancies) assessed the risk of 
adverse perinatal outcomes by comparing the most deprived neighbourhood quin-
tile with the least deprived quintile. Compared to the least deprived  quintile, ORs 
for adverse perinatal outcomes in the most deprived neighbourhood quintile were 
signifi cantly increased for prematurity (OR 1.23, 95%-CI 1.18-1.28), SGA (OR 1.31, 95%-CI 
1.28-1.34), and stillbirth (OR 1.33, 95%-CI 1.21-1.45). 

Conclusion Living in a deprived neighbourhood is associated with preterm birth, SGA 
and stillbirth.
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INTRODUCTION 

The association between socio-economic status and health has been recognized for a 
long time.1 Socio-economic inequalities are associated with a decrease in life expectancy 
up to 10 years in developed countries.2 

Perinatal mortality is a key indicator for population socio-economic inequalities.3 
Results from large cohort studies have shown that lifestyle risk factors (e.g. smoking) 
and social deprivation (e.g. household income, education level, or poverty) are strongly 
related to adverse perinatal outcomes such as preterm birth, low birth weight (LBW) 
and fetal growth restriction.4-6 Over 75 percent of all causes of perinatal mortality are 
preceded by premature delivery and fetal growth restriction, which are conditions 
with diff erent prevalences in diff erent socio-economic groups.7-9 Preterm birth and 
fetal growth restriction usually are the result of the concurrence of a large number of 
individual risk factors, known as risk accumulation.10 11 Risk accumulation comprises the 
large infl uence of a number of smaller, seemingly less important risk factors, on the risk 
of adverse outcomes.10-12 Such accumulation of risk factors is more common in deprived 
neighbourhoods, which generally show poor perinatal outcomes.11 

The term ‘neighbourhood deprivation’ does not have a standard defi nition in lit-
erature. Rajaratnam et al. examined which neighbourhood characteristics are routinely 
addressed in perinatal health studies. This study found twelve broad categories of fac-
tors used to characterize neighbourhoods (e.g. education, employment, occupation, in-
come).13 Deprivation is often characterized by indexes with cut-off  points to categorize 
the level of deprivation. The most common used indexes are the Carstairs-Morris score, 
Index of Multiple deprivation, Townsend deprivation index, and the Jarman score. The 
Carstairs-Morris score measures domestic overcrowding, male employment, car owner-
ship and social class distribution.14 The Index of Multiple Deprivation combines income, 
employment status, health and disability, education, housing problems and crime.15 
The Townsend Deprivation Index converts zip codes in deprivation scores by taking 
into account local unemployment, car ownership, overcrowding, and housing.16 The 
Jarman score is a continuous measure which combines unemployment, overcrowding, 
lone parents, under-fi ves, elderly living alone, ethnicity, low social class and residential 
mobility.17 However, often other self-composed indices are used. 

To date it is unknown to what extent the eff ect of deprivation goes beyond the eff ect 
of poor individual level of socio-economic status of citizens in deprived neighbour-
hoods.18 19 An additional eff ect of neighbourhood has been demonstrated in diseases 
in adulthood 20, and was suggested to occur in  adverse perinatal outcomes.3 21 22 For 
instance, a recent meta-analysis demonstrated such an additional role in the occurrence 
of LBW, which combines both growth restriction and premature cases.23 
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The newest systematic review takes the heterogeneous evidence into account by 
including studies with neutral, possible, and positive associations of deprivation with 
perinatal outcomes.24 Here we present a systematic review and meta-analysis comple-
mentary to the existing LBW analysis, for other perinatal outcomes: preterm birth and 
fetal growth restriction separately, and stillbirth. It seems timely to show the broader 
evidence on the association of neighbourhood deprivation with other perinatal out-
comes than LBW.

MATERIALS AND METHODS 

Sources

We performed an electronic search on May 1st 2012 in Medline, Embase and Web of 
Science from inception to May 2012 for meta-analysis, randomized controlled trials, 
cohort studies, longitudinal studies and case-control studies.  A search strategy was 
developed and adapted for each database. It included search terms regarding adverse 
perinatal outcome (e.g. “stillbirth” ”fetal death*”, “fetal mortalit*”, “adverse pregnancy 
outcome*”, “small for gestational age*”, “low birth weight*”, “dysmatur*”, “intrauterine 
growth restrict*”, “preterm deliver*”, “preterm birth*”, “prematur*”), and search terms 
regarding deprivation (e.g. “neighborhood*”, “neighbourhood*”, “urban*”, “city”, “town*”, 
“disadvantag*”, “deprived”, “pover*”, indigen*”, “disadvantaged communit*”, “residential 
segregation”). The search terms regarding adverse perinatal outcome were restricted 
to ‘prematurity’, ‘small-for-gestational-age’ or ‘intra-uterine growth retardation’ or ‘fetal 
growth retardation’ ‘stillbirth’ and ‘perinatal mortality.’ Because the search term ‘congeni-
tal anomaly’ resulted in too much heterogeneity in the results (for both underlying cause 
as well as type of congenital anomaly), this search term was not used in the present 
study. Reference lists from main articles and relevant reviews were hand searched for 
additional eligible studies. The search was restricted to studies in humans. No language 
restrictions were applied. Ethical approval was not required in the Netherlands. 

Study selection

For inclusion the studies had to meet the following criteria. They had to (1) be a ran-
domized controlled trial, cohort (including longitudinal), cross-sectional or case-control 
study; (2) report how deprived neighbourhood or neighbourhood index was defi ned; (3) 
report data of perinatal outcomes on the whole neighbourhood population; (4) report 
any of the main outcome measures preterm birth, LBW, small for gestational age (SGA), 
stillbirth, and / or perinatal mortality; (5) report either prevalences, odds ratios, or rela-
tive risks; (6) be conducted in a developed country, defi ned as all countries listed by the 
World Bank.25 
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Two reviewers (AV, AP) independently examined titles, abstracts and full-text ar-
ticles for eligibility. They independently extracted all relevant data into a preformatted 
spreadsheet. In case of discrepancies or uncertainties regarding the data extraction, the 
two reviewers aimed to achieve consensus together or by approaching a third party 
(the senior investigator (SD)). In case of missing tabular data in studies deemed eligible 
for meta-analysis, we contacted authors of the respective study.26 27 We followed the 
procedures in accordance to the PRISMA statement.28 

Two reviewers (AV, AP) assessed the quality of each included study independently by 
using the Newcastle-Ottawa scale.29 Since no randomized controlled trials were retrieved 
from the search, we used a quality assessment scale suitable for observational studies. 
The Newcastle Ottawa scale was developed to assess the quality of non-randomized 
studies with regard to its design, content and ease of use directed to the task of incor-
porating the quality assessments in the interpretation of meta-analytic results. The scale 
was scientifi cally evaluated and is regarded suitable to use for quality assessment of 
observational studies.30 We defi ned study quality as ‘high’ if the study was appointed the 
maximum of nine stars on this scale, ‘medium’ in case of  seven or eight stars and ‘low’ in 
case of seven or less stars. Discrepancy in quality assessment was resolved by the two 
reviewers. 

As LBW could not be distinguished in low birth weight related to preterm birth 
and low birth weight babies at term, we decided only to analyse results from studies 
when growth restriction was explicitly defi ned as SGA. Studies that met the inclusion 
criteria but in which the reported determinant or outcome measure was not eligible for 
meta-analysis (e.g. not using quintiles as cut-off  point or LBW), remained eligible for the 
systematic review but were not incorporated in the meta-analysis. Statistical analysis 
was performed with Biostat Comprehensive Meta-Analysis (CMA) version 2. Higgins I2 
(with a signifi cance level at P < 0.05) and tau2 were calculated to assess statistical hetero-
geneity across studies. We used random-eff ects meta-analysis to estimate unadjusted 
and adjusted summary odds ratios (ORs) with the associated 95% confi dence intervals. 
Adjusted ORs were obtained from fully adjusted models as presented in the original 
papers. If the risk estimate of interest was not explicitly stated, ORs were calculated with 
CMA. Because diff erent indices were used to determine deprivation, a subgroup mod-
erator analysis was performed to explore the eff ect of these diff erent neighbourhood 
indices on the outcome of interest. 

Assessment of deprivation

Apparently diff erent cut-off  points were used across studies in the categorizing of 
neighbourhood deprivation. We opted for categorization into quintiles (with the lowest 
quintile representing the least deprived neighbourhoods) because of three reasons. The 
most important reason was that the majority of studies applied a division into quintiles, 
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assuming the extreme categories to be large enough to be relevant and small enough to 
demonstrate contrasts if present. Other reasons were that we considered quintiles valu-
able for the cross-study comparability. We assume that the relative socio-economic posi-
tion within a country is much more important as determinant than absolute measures. 
Thirdly, the key indicators of interest are summary risk estimates which themselves are 
relative indicators as well because baseline risk is set to one or zero. We asked 21 au-
thors of papers with other than quintile divisions to re-categorize their determinants in 
quintiles accordingly, and to subsequently re-analyse their study data. One author was 
willing and able to do so.27 In the meta-analysis, we evaluated the contrast between least 
and most deprived neighbourhood quintiles in preterm birth (birth before 37th week of 
gestation, SGA (birth weight below the 10th percentile for gestational age), and stillbirth 
(≥ 20 weeks). 

RESULTS

The initial search identifi ed 2 863 articles, which were potentially relevant based on title / 
abstract screening. All studies were in English except for one study, which was in Dutch. 
After exclusion of studies that did not meet our inclusion criteria, 108 articles remained 
of which the full texts were evaluated. We identifi ed another 4 studies from reference list 
tracking, of which 2 met inclusion criteria. In total, 24 studies met the inclusion criteria 
for the systematic review and 7 studies were included in the meta-analysis (fi gure 10.1). 

Table 10.1 11 21 22 26 27 31-49 summarizes the characteristics of the studies included in re-
spectively the systematic review (n=17) and meta-analysis (n=7). Many articles presented 
results for multiple outcomes. The included studies were conducted in either the United 
Kingdom (n = 10), Canada (n = 5), The Netherlands (n=4), United States (n=2), Spain 
(n=1), Sweden (n=1), and Australia (n=1), with data collected from 1985 up to 2008. Four 
of the included studies performed a multilevel analysis 21 27 31 41, of which one study was 
included in the meta-analysis.27 The remaining 20 studies assessed neighbourhood-level 
exposure. 

Deprivation indicators varied across studies. One study used the Carstairs-Morris score, 
5 studies used the Index of Multiple Deprivation, another 5 studies used the Townsend 
Deprivation Index, 1 study used the Jarman score, and 5 studies used neighbourhood 
income as a proxy for deprivation at the neighbourhood level. 

Table 10.2 shows the prevalences and risk estimates of the included studies for respec-
tively preterm birth, SGA and stillbirth. Twenty-one of the 24 included studies showed 
positive associations between adverse perinatal outcomes and neighbourhood depriva-
tion. The prevalence of preterm birth ranged from 3.8% to 6.7% in the least deprived 
quintile and 5.6% to 11.9% for the most deprived quintile. For SGA this was respectively 
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4.8% - 10.4% versus 6.2% - 14.5%. Still birth rates ranged from 3.2 to 6.3 per 1 000 births 
in the least deprived quintiles and from 4.6 to 7.0 per 1 000 births in the most deprived 
quintile. All studies included in the meta-analysis used a wide variety of variables to 
adjust for potential confounders. One study did not report crude odds ratios, but we 
calculated these with CMA.46 

 

Studies excluded, when available 

based on full-text (n = 88) 

 Segregated data ( outcome per 

ethnic subgroup) (n = 7) 

 Not on neighborhood level  

(n = 38) 

 No original data (n= 9) 

 Not population based (sub group) 

(n = 7) 

 No focus on our predefined 

primary outcomes (n= 16) 

 Rural versus urban (n = 2) 

 No developed country (n = 3) 

 No full text available (n = 4) 

 Language (n = 2) 

Included for meta-analysis:  n = 7  

Potentially relevant articles 

identified: n = 2863 Study selection based on title / 

abstract screening 

• Did not meet inclusion criteria (n 

= 2754) 

Literature search in 

Embase by 1st of May 

2012 (N = 933) 

Literature search in 

WoS by 1st of May 

2012 (N = 1871) 

Literature search in 

Medline by 1st of May 

2012 (N = 742)

Duplicates removed (n = 683)  

Eligibility based on Title / 

abstract screening  

(n =108) + Reference list 

screening (n = 4)

Included in systematic review:  n = 24

• Reported outcome measures not 

eligible for meta-analysis (e.g. not 

in quintiles, low birth weight)  

(n = 17) 

Figure 10.1 Flow diagram of included studies in the systematic review and meta-analysis.
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Meta-analysis 

The two most common reasons for exclusion in our meta-analysis were lack of results at 
neighbourhood level (e.g. results were provided for whole villages, counties or states, n 
= 38) or outcome measures were defi ned that were not eligible for our meta-analyses 
(e.g. LBW, data not reported in quintiles, n = 17). The meta-analysis eventually included 
cohort studies on adverse perinatal outcomes associated with neighbourhood depriva-
tion. If outcomes for several years were reported, the most recent results were used for 
the meta-analysis. Assessment of study quality showed that fi ve studies were of high 
quality 27 46-49 and two of medium quality.26 45 

Figure 10.2 Forest plot of pooled random eff ects adjusted odds ratio (aOR) and 95% confi dence intervals 
(CIs) of adverse perinatal outcome comparing the most deprived neighbourhood quintile with the least 
deprived neighbourhood quintile. 
White squares indicate the aOR in each study, with square sizes inversely proportional to the standard error 
of the OR. Horizontal lines represent 95% CIs. P values represent P for heterogeneity. A. Pooled eff ects for 
preterm birth. B. Pooled eff ects for small for gestational age. C. Pooled eff ects for stillbirth. 
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Figure 10.2 summarises the comparison of the least and most deprived neighbour-
hoods for preterm birth, SGA and stillbirth. None of the included studies reported data 
on perinatal mortality, but all reported stillbirth (> 20 weeks of gestation). The random 
eff ects model comprising all 7 studies suggests a positive association for preterm birth 
(crude OR 1.28 (95% confi dence interval 1.20 to 1.37), adjusted OR 1.23 (95% CI 1.18 
to 1.28). Heterogeneity was noted among the individual study eff ects (I2 (crude) 94% 
(P< 0.001), I2 (adjusted) 77% (P< 0.001)). Countries included in the meta-analysis have 
comparable preterm birth rates.50 For the outcomes SGA and stillbirth, only studies that 
indicate deprivation by means of the index neighbourhood income remained after the 
selection process. Similar positive associations between least and most deprived neigh-
bourhood quintiles were found. The OR from crude results for SGA was 1.47 (95% CI 1.34 
to 1.60), I2 95 %, P<0.001, adjusted OR 1.31 (95% CI 1.28 to 1.34), I2 99%, P<0.001. For 
stillbirth, the crude OR was 1.38 (95% CI 1.23 to 1.54), and adjusted OR was 1.33 (95% CI 
1.21 to 1.45) without marked heterogeneity (I2 (crude) 41 %, P = 0.185, I2 (adjusted) 0%, 
P = 0.793). The studies in our meta-analysis showed a consistent association between 
living in a deprived neighbourhood and adverse perinatal outcomes. 

Subgroup analysis 

In a subgroup analysis comprising 5 studies that used neighbourhood income as mea-
sure of deprivation, we also found a positive association between the least and most 
deprived neighbourhood quintiles (crude OR 1.22 (95% CI 1.19 to 1.25), I2 24%, P = 0.261), 
adjusted OR 1.21 (95% CI 1.15 to 1.27), I2 78%, P = 0.001).

Since 6 studies were excluded based on how they categorized their neighbourhood 
index (e.g. cut-off  point other than quintiles), we performed a univariate meta-regression 
analysis with neighbourhood cut-off  point as moderator to assess the empirical relation-
ship between neighbourhood cut-off  point and the log of the observed OR. Crude ORs 
from 4 out of these six studies were available for this analysis in preterm birth 11 21 34 35, 
and crude ORs from 2 studies were available for SGA. 11 21 This fi gure indicates that we 
found no empirical relationship for the cut-off  point in this analysis (fi gure 10.3). 

A sensitivity analysis was performed for all outcomes to evaluate the stability of the 
results. We performed a subgroup moderator analysis to compare the mean odds ratio 
for fi ve studies using income as measure of deprivation and two other studies using 
another index in preterm birth: ORincome1.25 (95% CI 1.15 to 1.37) and ORother 1.38 (95% 
CI 1.25 to 1.70). These studies were also the studies rated as high quality. This diff erence 
was not statistically signifi cant (Q = 0.70, p = 0.404). 

Although no asymmetry was seen on the funnel plot (not shown), the largest analysis 
included only 7 studies. This number of studies is too small to perform an adequate 
assessment of publication bias.51 We tried to minimize risks of publication bias with 
our search strategy. Firstly by including Web of Science as one of the search engines, 
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because of its provision of conference abstracts. Secondly, we reviewed reference lists of 
all 108 studies which were eligible based on title or abstract, and of one meta-analysis 
and several reviews within this topic. 

Figure 10.3 Scatter plot representing the meta-regression analysis to test the association between the 
cut-off  point for neighbourhood index and the log adjusted odds ratio (aOR) of preterm birth and small for 
gestational age (SGA) respectively. 
The area of each circle is inversely proportional to the variance of the log relative risk estimate. A. Preterm 
birth. B. SGA. 
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DISCUSSION

This systematic review and meta-analysis indicates that neighbourhood deprivation 
is associated with preterm birth, SGA and stillbirth. Compared to the least deprived 
neighbourhood quintile, ORs of adverse perinatal outcomes in the most deprived 
neighbourhood quintile were signifi cantly increased for preterm birth (OR 1.23, 95%-CI 
1.18-1.28), SGA (OR 1.31, 95%-CI 1.28-1.34), and stillbirth (OR 1.33, 95%-CI 1.21-1.45). This is 
the fi rst meta-analysis in which preterm birth and SGA are analysed separately. While 
the previous analysis on LBW showed an excess prevalence due to deprivation eff ect 
of 11%.23, our meta-analysis - in which we analysed SGA and preterm birth separately - 
provided a prevalence of 31% and 23% respectively. Our fi ndings suggest that these two 
disease entities only share part of the deprivation pathway, because the stratifi ed ORs 
for SGA and preterm birth are higher individually than LBW in which preterm birth and 
SGA are combined. Stratifi cation seems to distinguish both the risk pathways of preterm 
birth and SGA more than LBW alone. The etiology of both outcomes is not always related 
to each other (preterm birth could be induced by infectious diseases whereas placenta 
insuffi  ciency primarily induces SGA). Furthermore, preterm birth often has a strong care 
eff ect (iatrogenic preterm birth), which is absent in SGA. Stratifi cation may therefore 
clarify the neighbourhood eff ect. Although such excess risks may seem small, it sug-
gests the high attributable risk impact of deprivation through the high prevalence of 
deprivation. 

The association between many adverse perinatal outcomes and low socio-economic 
status is known. This is thought to be induced though multiple pathways, most impor-
tantly low education and low income levels.52 Although the present analysis did not 
focus on etiologic factors that could explain the relationship between non-medical risk 
factors and adverse perinatal outcomes, it is known from previous studies that decreased 
wealth and living conditions increase physiological stress53, and low income levels and 
deprivation are associated with poor housing, nutrition, and health care access.3 If we 
assume that adverse perinatal outcomes are the result of the interrelationship between 
individual, environmental, and care-related factors3 11, deprived areas could contribute 
to adverse outcomes in several ways. In deprived areas, so-called non-medical risk fac-
tors (e.g. lifestyle- and social risk factors) are much more common, especially in urban 
areas.3 23 54 

Within patient care perspective it is important to acknowledge that risk accumulation 
not only includes the commonly measured standard risks, but also many unmeasured 
disadvantage or risk factors, which often escape standard epidemiologic research. Also 
the physiological (air pollution, noise) and psychological environment (safety) are part 
of the usually unmeasured risk burden in deprived neighbourhoods.55 
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The greatest challenge in the meta-analysis was to overcome heterogeneity. We be-
lieve this is mostly due to the variable cut-off s used in forming neighbourhood quintiles. 
In our meta-analysis, the results for preterm birth in our primary analysis did not diff er 
from our subgroup analysis for income level. We approached all authors from potentially 
eligible studies to cooperate in our meta-analysis in order to pool pregnancy outcomes 
on individual level, so that we could investigate the comparability of the diff erent indi-
ces (n = 11). Unfortunately, most authors did not respond so we were unable to perform 
analysis. Another reason for this heterogeneity might be the variety of used defi nitions 
to indicate neighbourhood deprivation. Some of these indices were compared in previ-
ous studies, and the use of area based deprivation indices is an accepted method for 
measuring social inequality in neighbourhoods.18 Moreover, income seems to be a good 
proxy for area based deprivation related to health.19 However, it is still unclear whether 
area based measures refl ect the cumulated impact of individual socio-economic status, 
or represent the crude neighbourhood eff ect or a combination of both.19 49 Despite the 
high heterogeneity, we believe that pooling of the available data provides valuable 
information about neighbourhood deprivation and the risk of unfavourable pregnancy 
outcomes, and used random-eff ect models to calculate pooled risk estimates. 

Strengths and limitations 

A major strength of this study is that we performed the fi rst a meta-analysis in which 
preterm birth, SGA, and stillbirth were analysed separately. In addition, we included all 
study types in the initial search to be able to identify the (cluster) randomized controlled 
trials. This did not result in inclusion of randomized controlled trials. However this eff ort 
is strength because if we had ignored this study type, we could have overlooked studies 
investigating the eff ect of deprivation on for example neighbourhood level.

Our analysis has some limitations. First of all, we were unable to answer our research 
question with only multilevel studies as in the previous meta-analysis we referred to.23 
Some eff ect of clustering may be present if data was retrieved from true cluster designs 
in which clusters involve for example schools, hospitals or communities, and ignoring 
this eff ect – if present – might lead to some overestimation of the precision and statisti-
cal signifi cance. However, in our study neighbourhoods are overall large and defi ned by 
diff erent principles and therefore unequally sized. We assume that under these condi-
tions no additional measures are needed to account for the study eff ect beyond the per 
study multilevel term. 

Secondly, as we decided to use data presented in quintiles for prior mentioned reasons, 
we had to exclude 6 studies from meta-analysis because they did not report neighbour-
hood deprivation in quintiles. Risk estimates from these studies were mostly within the 
range of the risk estimates of studies pooled in the meta-analysis. In a meta-regression 
analysis we did not found an empirical relationship for cut-off  point. Another limitation 
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was that the defi nition of fetal growth restriction as ‘low birth weight’. This was a reason 
for exclusion because we were unable to categorize fi ndings into the LBW related to 
preterm birth outcome or the outcome of LBW babies at term (> 37 weeks of gestation). 
We only included results from studies when growth restriction was defi ned as ‘small for 
gestational age below the 10th percentile.’ We advocate separation of SGA and preterm 
birth, because both etiology and long term consequences diff er considerably between 
these outcomes.56-58 For the association between neighbourhood deprivation and LBW 
(as a broad category) we refer to the meta-analysis by Metcalfe et al.23

Thirdly, we were not able to rank the included countries according to perinatal out-
comes. The Euro-Peristat committee was able to make such an over country comparison. 
In their most recent published report, they compared perinatal outcomes of 29 Euro-
pean countries.59 They reported marked diff erences between countries. However, such 
a report was not available for the non-European countries included in our study. Due to 
the absence of this information, we were not able to make an ‘over country comparison’ 
and relate our fi ndings to the ranking of countries.

Lastly, we were not able to stratify for ethnicity. Although the included studies were 
adjusted for ethnicity, we missed information of other ethnic groups living in these 
neighbourhoods which were not included in their analysis. So these outcomes were not 
representative for the whole neighbourhood population. Confounding by ethnic diff er-
ences is therefore unavoidable in this study. This is important because neighbourhood 
eff ects might not be consistent across ethnic groups.24 Deprivation could have a stron-
ger negative eff ect on Western women compared to non-Western women.60 It seems 
that simple aggregation of particular individual eff ects does not explain our fi ndings 
at neighbourhood level. It seems that other partly unknown underlying mechanisms 
infl uence both perinatal risk factors and outcomes at neighbourhood level.

Implications

Since poor maternal circumstances during pregnancy have both short and long term 
consequences, it makes sense to organize tailor-made antenatal healthcare responsive 
to women’s needs by taking into account deprivation notions, preferably in combina-
tion with preconception care. In particular in large cities, this implies involvement of 
local initiatives and engagement of Public Health services.61 A systematic approach in 
antenatal risk selection for both medical and non-medical risk factors with subsequent 
continuity of care might support early detection of potential high risk. More awareness 
regarding the medical impact of the non-medical domain should be advocated in 
healthcare professionals, but also in public health workers and policy makers. It may 
seem challenging in practice to reach women in deprived neighbourhoods for specifi c 
intervention programs, but research has shown that specifi c recruitment strategies can 
be used to achieve participation in these women.62
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CONCLUSION

In summary, this systematic review and meta-analysis suggest that neighbourhood 
deprivation is associated with SGA, preterm birth, and stillbirth. 

However, more methodological research is necessary to determine the comparability 
of several neighbourhood deprivation indices in relation to these perinatal outcomes. 
The included studies were not designed to explore mechanisms, so more etiological 
studies on a neighbourhood and an individual level are necessary to gain understand-
ing of the eff ect of ‘neighbourhood deprivation’ on adverse perinatal outcomes. In the 
meantime this should not withhold us from designing new policies and programs for 
women living in deprived neighbourhoods where both social and medical risk factors 
are highly present. 
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AIMS OF THIS THESIS

The aims of this thesis were (1) to evaluate the policy process that led to the Healthy 
Pregnancy 4 All study, (2) to investigate the contribution and the assessment of non-
medical risk factors, and (3) to investigate the infl uence of neighbourhood deprivation 
on perinatal outcomes. This chapter discusses the principal fi ndings of the conducted 
studies, methodological considerations, and off ers recommendations and implications 
for clinical fi eld and policy.  

PRINCIPAL FINDINGS 

Part I: Initiatives to improve perinatal health

Why and how did the perinatal mortality problem make its way into the national political 
agenda? 
The relatively high perinatal mortality and morbidity rates in the Netherlands resulted 
in a policy process followed by policy changes regarding the organization of Dutch peri-
natal healthcare system (chapter 2). Between 2004 and 2010 it became a high priority for 
many stakeholders in the fi eld to reduce perinatal mortality. Several factors promoted 
the agenda setting. Firstly, the perinatal mortality problem had been quantifi ed by PERI-
STAT and additional research had provided new information. Secondly, the nature of the 
subject and the fact that perinatal mortality concerned a relatively large group of people 
in society engaged more professionals than only those working in the curative fi eld. 
Whilst contents of perinatal health care were mostly in hands of the curative setting, the 
perinatal mortality debate engaged several members of the House of Representatives, 
policy makers, and public healthcare professionals. Thirdly, parliamentary inquiries and 
the media were eager to be an intermediary and fueled the debate. 

Prior to this debate, the organization of perinatal health had not been systematically 
evaluated before. To propose solid actions and measures, a Steering Group (the Advisory 
Committee on Pregnancy and Childbirth) was instituted in 2008. The Steering Group 
proved to be the vehicle to achieve collaboration amongst the whole fi eld and it coor-
dinated the translation of insights in science into measures for practice. Parliamentary 
inquiries required rapid answering by the ministry of Health, Welfare and Sports. In 
response a new network, the Baby club, was formed which essentially determined the 
contents of measures. This interdepartmental network provided a platform to discuss 
the perinatal mortality problems with policy makers from diff erent departments of the 
ministry. In this network ties were made between the policy makers from the curative 
department (traditionally involved in formulation of policy) and policy makers from the 
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preventive department, which enabled them to answer the parliamentary questions 
with a multidisciplinary view. 

Perinatal health was an underserved aspect in our health policy system. Collaboration 
between the curative and the preventive system, and their policy makers on national 
level (the department of curative and public health) with respect to organization of 
perinatal health care was relatively scarce. The department of public health gained inter-
est and power in the perinatal mortality debate. The department of public health had 
formulated that more attention should go out to socioeconomic determinants of health 
(such as non-medical risk factors) and that local municipalities should be involved in 
eff ectuation of these measures to achieve optimally tailored and preferably commu-
nity based care. The perinatal health issue proved to be the suitable topic to eff ectuate 
this vision. The academic fi eld was approached to select and eff ectuate interventions. 
Amongst other initiatives, budget and eff ectuators were sought for what came to be the 
beginning of the Healthy Pregnancy 4 All study.

To what extent is it possible to implement a new method of antenatal risk assessment? 
In the risk assessment (RA) sub-study, implementation of the Rotterdam Reproductive 
Risk Reduction (R4U) scorecard, corresponding care pathways and multidisciplinary 
consultation was evaluated (chapter 4). 

In total, 6 of the 11 municipalities (54%) met our criteria for successful implementation 
of the entire risk assessment program. These include four ‘intervention’ and two ‘control’ 
municipalities. Three municipalities (27%) were indicated as ‘high implementers’ as they 
met the criteria for all parts separately. These were all ‘intervention’ municipalities. Three 
municipalities were classifi ed as ‘medium implementers’ (27%) and the remainder (46%) 
did not meet the criteria for implementation. 

This observed variability in implementation rates was similar to fi ndings of compa-
rable implementation studies.1 2 Factors that attributed to variation in implementation 
were contextual factors such as organizational characteristics (e.g. autonomously 
working healthcare professionals or integrated care setting), availability of resources 
(e.g. fi nancial or human resources),  the complexity of the setting (e.g. pre-existing 
partnerships among healthcare professionals, competing interests) and time required 
for organizational uptake of our new approach in antenatal healthcare.1 3 Additionally, 
the Dutch antenatal health care system provides some specifi c contextual challenges, 
because community midwives in the primary level of care and gynaecologists in sec-
ondary and tertiary care are autonomous professionals operating in their own tiers of 
care in the antenatal system. This was explained by others as diff erent perspectives on 
antenatal health and suboptimal inter-professional communication.4 The implementa-
tion of our new approach in risk assessment and collaboration primarily required a 
mind shift amongst all stakeholders, regarding conventional antenatal risk assessment. 



General discussion 209

11

The awareness that change in risk assessment approaches was needed proved to be 
an important success factor for implementation.5 We therefore might have benefi tted 
from the fact that we conducted our study in a period of time in which perinatal health 
received high priority by both the fi eld and policy makers. 

Part II: Non-medical risk factors in pregnancy    

How are non-medical risk factors currently assessed during routine antenatal healthcare? 
An instrument for routine screening of non-medical risk factors was lacking in current 
antenatal healthcare (chapters 6 and 7). We also observed that midwives and gynae-
cologists rarely screen for non-medical risk factors in the Netherlands and that risk 
assessment approaches were highly variable between community midwife practices 
and hospitals. Respondents were used to screen upon lifestyle risks, whereas whether 
respondents screened for social risk factors or not was highly variable. It was remarkable 
that while caregivers indicated to deal with non-medical risk factors frequently, national 
guidelines or protocols and supportive tools to deal them were lacking. Systematic 
structured screening was not part of routine antenatal healthcare and preventive inter-
vention strategies relied on local resources (chapter 7). 

In response, we developed a non-invasive, standardized scorecard for routine use 
in antenatal health care: the Rotterdam Reproductive Risk Reduction Scorecard (R4U) 
scorecard. Improvement of current antenatal risk assessment with the R4U scorecard 
included the combined assessment of medical and non-medical risk factors. Through 
its standardized assessment, the score card promoted uniform defi nition of risks by all 
professionals involved. As it included non-medical risk factors, the scorecard bridges the 
gap between the clinical working area and the public health domain. It showed to be a 
promising tool for early antenatal detection of risk factors and tailored prevention in an 
integrated care setting (chapter 6). 

What is the contribution of non-medical risk factors to perinatal outcomes and how is this 
related to risk accumulation? 
We found that women in the lowest SES category and women of non-western descent 
have a substantial greater risk for adverse perinatal outcomes through the mechanism 
of accumulation of non-medical risk factors (chapter 8). It was also shown that social 
deprivation plays a diff erent role among Western and non-Western women. Possible 
causal explanations were increased density of migrant groups in particular neighbour-
hoods6, the infl uence of social capital in these particular neighbourhoods 7, diff erences 
in lifestyle behaviours (e.g. smoking behaviour)8, and epigenetic eff ects.9 10

We also observed a  higher prevalence of adverse perinatal outcome (overall perinatal 
morbidity and small for gestational age and preterm birth separately) regarding the 



210 Chapter 11

severity of a risk factor category, going from the least to the more favourable category 
of the risk factor. Apparently risk accumulation explains perinatal inequalities between 
groups. The risk impact on non-medical risk factors on adverse perinatal outcome was 
proportionally related to the number of non-medical risk factors up to a three-fold 
increased risk in case of 3 factors.  This proportional relation between non-medical risk 
factors and adverse perinatal outcome has also been reported in prior literature. 10-12 
Previous studies revealed multiple pathways, acting on diff erent aggregation levels 
(individual, family, neighbourhood), but low income and low education seem to play a 
pivotal role.13 

Part III: Perinatal outcomes on neighbourhood level

What is the contribution of neighbourhood deprivation to perinatal outcomes and are there 
any diff erences between municipalities?  
We demonstrated that patterns in perinatal health inequalities diff er on both the mu-
nicipal and neighbourhood level in the Netherlands: some municipalities showed overall 
high rates of adverse perinatal outcomes, and some also showed large diff erences be-
tween neighbourhoods (chapter 9). These neighbourhood diff erences were particularly 
pronounced for perinatal mortality. After adjustment for socio-demographic risk factors, 
such as SES, maternal age, parity, and ethnicity, these diff erences persisted. 

In some municipalities socio-demographic risk factors appeared to be a strong 
predictor for the observed inequalities. The risk factors explained almost a third of the 
observed diff erences. However in other municipalities, their contribution seems less 
prominent. This could indicate that diff erent mechanisms may be involved in the extent 
to which risk factors lead to adverse pregnancy outcomes. Examples of these are travel 
time to a hospital, place of birth (home or hospital), factors related to the neonate, orga-
nizational factors and / or caregiver related factors which are all known to be associated 
with adverse pregnancy outcomes.14-17 These factors were not included in our analysis. 

These fi ndings were also confi rmed by a meta-analysis of observational studies 
(chapter 10). We demonstrated that neighbourhood deprivation was signifi cantly as-
sociated with preterm birth, SGA and stillbirth. Although it was beyond the scope of 
this thesis to reveal etiologic factors beyond neighbourhood eff ects that could explain 
the relationship between non-medical risk factors and adverse perinatal outcomes, it 
was known from previous studies that decreased wealth and living conditions increase 
physiological stress18, and that low income levels and deprivation are associated with 
poor housing, nutrition, and less health care access.19 If we assume that adverse perina-
tal outcomes are the result of the interrelationships between individual, environmental, 
and care-related factors19 17, deprived areas could contribute to adverse outcomes in 
several ways. However, to date it is unknown to what extent the eff ect of deprivation 
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goes beyond the eff ect of poor individual level of socio-economic status of citizens in 
deprived neighbourhoods.20 21

The principal fi ndings related to this thesis were summarized in fi gure 11.1.  

METHODOLOGICAL CONSIDERATIONS 

There were some overall methodological considerations in this thesis.  

Study population

Participants of the risk-assessment (RA) sub-study were pregnant women residing in the 
selected neighbourhoods of the 14 municipalities that enrolled from August 2012 until 
June 2014 (chapter 5 and 8). These neighbourhoods were selected on the basis of zip 
codes (chapter 3). Due to the selection of geographical areas, the study focused on po-
tentially high risk populations. Community midwives and gynaecologists providing care 
to women living in these selected areas were invited to participate in the RA sub-study. 
All pregnant women that visited a participating community midwife or hospital were 
eligible to participate in the RA sub-study. Regarding the study population, method-
ological limitations might concern selective enrollment and selective participation and 
medical ethical requirements. 

Regarding enrollment, most practices and hospitals simply enrolled all of their clients 
for practical reasons, rather than strictly enrolling women that belonged to the targeted 
population (women residing in the selected zip codes). Consequently, our study popula-
tion was not strictly confi ned to the zip codes with high prevalences of Big 4 outcomes, 
as was intended in the beginning. However, the fact that practices were allowed this 

Figure 11.1 Principal fi ndings related to this thesis.



212 Chapter 11

type of inclusion allowed the program to have a larger outreach and actually seemed to 
promote implementation as no time was lost in selecting participants and routine in the 
use of the R4U scorecard could easily be acquired. 

Selective participation is also an issue that needs to be addressed in this study. It was 
challenging to reach women living in the selected zip codes (half of the included women 
were living in one of the selected neighbourhoods), because these women often refused 
to participate. Furthermore, participation was associated with education levels: higher 
educated women were more likely to participate more than lower educated women 
(chapter 8). In general, neighbourhood deprivation has been known to be associated 
with selective participation.22 We were not able to verify the non-response to the ques-
tionnaires in relation to socio-demographic characteristics, but we cannot rule out that 
selective participation and selective non-response might have biased the associations.23 

Medical-ethical requirements to inform participants such as information letters with 
predefi ned content and documenting informed consent were mentioned as barriers by 
healthcare professionals  to either ask women (e.g. in case of low literacy) or for women 
to participate when asked. Thus, medical ethical requirements might have induced 
selective enrollment and participation. 

Context 

We conducted our study in a period of time in which antenatal healthcare was a high 
priority fi le for policy makers (chapter 2). The current system and collaboration between 
community midwives and gynecologists was under scrutiny when it became clear that 
the country had high perinatal mortality rates.24 The perinatal mortality debate led to 
discussions about organizational changes and initiation of studies to reveal underlying 
causes and best practices. The speed and intensity of the debate was overwhelming for 
some health care professionals that were approached for participation in the Healthy 
Pregnancy 4 All study. This brought some of them to postpone implementation of the 
R4U. The competition with other innovation processes was an important impeding fac-
tor in achieving maximal implementation. 

In the implementation process, inter-professional collaboration between midwives 
and gynaecologists proved to be challenging sometimes. Bases for these challenges 
were the autonomy of the diff erent professionals and the fact that they work in diff er-
ent fragments of the perinatal health care system, with diff erent contextual factors.4 
Preexisting inter-professional communication barriers represented a challenge in some 
municipalities which could not always be bridged by the project team or local project 
coordinators (chapter 5). The proposed collaboration required a mind shift amongst 
participating midwives and hospital caregivers, namely to have a shared responsibility. 
In addition, the study required this mind switch amongst policy makers and the public 
health sector. Prior to the program  delivery of obstetric care was seen as the main re-
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sponsibility of healthcare professionals in the curative setting, whereas involvement of 
the preventive sector (public health) was restricted to lifestyle promotion and provision 
of information (chapter 2). 

These contextual factors had an impact on the rollout of our cluster randomized 
controlled trial (chapter 5). As the sample size needed to answer the eff ectiveness ques-
tion was not reached yet, and remains therefore unanswered in this thesis. It will be 
evaluated during the subsequent Healthy Pregnancy for All 2 project.  

Instruments 

In order to implement a new approach in antenatal risk assessment, a number of 
conditions need to be fulfi lled. Most important, professionals from obstetric care, so-
cial welfare, psychiatric services, and community health services should agree on the 
comprehensive risk concept as a base to collaborate. The number of developed care 
pathways and the establishment of multidisciplinary consultations on municipal level 
display the great potential of our risk assessment approach to achieve collaboration, 
which can only contribute to the quality of delivered care. Successful implementation 
also requires adherence to protocols. We were unable to investigate this performance 
(i.e. appropriate use of care pathways or risk screening in all situations) in great detail, 
however we observed that the process of systematic screening, indication, assessment, 
referral, and treatment is still not functioning optimally in the Netherlands.25

The selection of risk factors and design of the R4U scorecard was a multi-phased and 
systematic process. To obtain the cumulative risk score, weights were obtained from 
published risk estimates from representative birth cohort studies, meta-analysis, and a 
few case-control studies. When the pregnancy outcomes of participants of the Healthy 
Pregnancy 4 All population become available, we can report on the external validity of 
these weights and make the corresponding adjustments.  

Study design

We faced an important limitation due to the design of our study. In order to investi-
gate the eff ectiveness of our approach, a cluster randomized controlled trial was 
methodologically the most appropriate study design (chapter 4). Thus, we randomized 
municipalities to an ‘intervention’ or a ‘control’ status. In the ‘intervention’ municipalities, 
the risk assessment intervention was started as of inception of the study. In control mu-
nicipalities, regular antenatal healthcare was measured and none of the interventions 
were implemented. Evaluation of conventional risk assessment required extra time and 
eff ort from caregivers and from local stakeholders assisting with implementation of the 
project, whilst they were not intervening with regards to the perinatal mortality rates in 
their neighborhoods. This felt as a contradiction, as the project had made them aware 
of the mortality rates and the disadvantaged position in comparison to the rest of the 
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country and the national average. In a context where a lot was expected from health-
care professionals and a lot of new (regional) initiatives were implemented, this might 
have infl uenced the commitment to our study over time. This was also refl ected in the 
implementation rate of ‘control’ municipalities that was considerably lower compared to 
municipalities that started from the beginning (chapter 5).

Big 4 morbidities

The risk assessment sub-study builds on the results from the Signalement study in which 
the concept of Big 4 morbidities was introduced.26 These morbidities include small for 
gestational age (SGA), preterm birth, congenital anomalies, and/or a low Apgar score. The 
presence of a so-called ‘Big 4’ morbidity precedes perinatal mortality in 85% of cases.26 
The presence of one or more Big 4 morbidities was therefore used as a proxy measure of 
a ‘high risk pregnancy’. Although one can debate about the preventability of all of these 
morbidities, we cannot ignore the importance of timely detection of SGA to maximise 
the potential benefi t of clinical management in order to prevent perinatal mortality.27 
Whilst other obstetric diagnostic procedures and interventions (e.g. progesterone to 
prevent preterm birth or the widely available 20-week ultrasound) are emerging, the 
need and benefi ts of timely risk assessment are increasing.28 29 

Perinatal registry 

The Dutch Perinatal Registry (PRN) was used to identify geographical areas (chapter 3), 
diff erences in perinatal outcomes between municipalities (chapter 8) and the contribu-
tion of socio-demographic risk factors on perinatal outcomes (chapter 9).30 31 The two 
greatest advantages of using the PRN database are the large amount of data from preg-
nancies in the Netherlands that became available over time (over 1 million records) and 
the high rate of complete cases (more than 97%). However, by using the PRN database 
we also faced some limitations. The perinatal registry mainly collects data about specifi c 
actions in the healthcare process such as admissions or pregnancy complications. Given 
our aim to collect data regarding non-medical risks, we perceived some shortcomings. 
Limitations were present because the information regarding some risk factors (e.g. 
smoking and onset of antenatal care and population characteristics such as education 
level or income level) were incorrect or lacking. This was especially unfortunate given 
the fact that education and income level are thought to be the most important pathway 
in the relation between social inequalities and adverse perinatal outcomes.13 
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RECOMMENDATIONS AND IMPLICATIONS 

From this the following recommendations and implications for the clinical fi eld and 
policy can be given.

Representation of the curative care and public health echelon in antenatal 
healthcare policy

Health is not solely infl uenced by biological factors, but by social and environmental 
factors as well.   Participating in the HP4All study, and especially the development of 
care pathways, gave professionals from diff erent echelons an opportunity and a motive 
to get familiar with other professionals than that they are used to work with and with 
each other’s potential roles in antenatal risk assessment and intervention. This led to 
an integrated care setting (caregivers and public health workers) which was preferable 
for optimal use for the proposed way of risk assessment and collaboration in antenatal 
healthcare, because the R4U scorecard and corresponding care pathways require medi-
cal and non-medical expertise. In addition, we demonstrated that a tangible concept (a 
risk assessment tool) such as implemented by us can bridge gaps between the curative 
setting and the public health. 

We advise policy makers and health care professionals to collaborate and to develop 
additional local policies to defi ne their high risk populations. Ingredients for a successful 
approach are 1) defi ning the degree of the problem (numbers are essential) to achieve 
agenda setting; and 2) placing the problem in a broader multidisciplinary context for 
the identifi cation of new solutions. The investment in understanding each other’s posi-
tions may well be rewarded with better collaboration in the selection and eff ectuation 
of interventions. 

Early and systematic detection of medical and non-medical risk factors in 
antenatal healthcare 

A systematic approach to antenatal risk selection for both medical and non-medical risk 
factors with subsequent continuity of care supports early detection of women which 
are potentially at risk for adverse pregnancy outcomes. Early detection (preferably at 
booking in early pregnancy) contributes to the improvement of perinatal outcomes 
either by increasing awareness or allowing for risk modifi cation. A risk score above the 
predefi ned cut-off  point should imply follow-up action. This follow-up action should 
include multidisciplinary consultation between obstetric caregivers and non-obstetric 
caregivers, prioritization of risk factors, and feedback in subsequent meetings. 

Both medical and non-medical risk factors contribute to adverse pregnancy outcomes 
and have a risk-enhancing role in perinatal and maternal outcomes. Multiple risk fac-
tors are likely to be present amongst women in in deprived neighbourhoods. First of 
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all, identifi cation of these neighbourhoods on municipal level is necessary.  Municipal 
health services and the Dutch Perinatal Registry (PRN) need to collaborate to identify 
areas (and thereby women) at risk for adverse pregnancy outcomes. Secondly, (munici-
pal) services outside the healthcare sector (e.g. fi nancial support services, facilities for 
teenagers) should have a more active role in the care for pregnant women in deprived 
neighbourhoods. Thirdly, perinatal health should be part of a municipal policy cycle 
with periodic monitoring on a neighbourhood level.

Collaboration between the curative care and public health echelon to develop 
care pathways

Regardless of how antenatal risk assessment is performed, without actions from caregiv-
ers upon detected risk factors, the value of risk assessment is marginal. Care pathways, 
which can be tailored to the individual needs, can assist caregivers with acting upon risk 
factors in a standardized, tailored way. They can be of great practical value as they can be 
explicit regarding which caregiver will be responsible, and regarding practical concerns 
such as the names and contact information of institutions with expertise regarding the 
detected risk factor. This enhances the effi  ciency and accountability of interventions 
after risk assessment. Care pathways also contribute to unequivocal division of tasks and 
responsibilities for medical and non-medical risk factors. The availability of local facilities 
and insurance agreements should be taken into consideration. 

By providing standardized information on both medical and non-medical risk fac-
tors, collaboration between both obstetric caregivers (curative care) and non-obstetric 
caregivers (public health) can be optimized. The introduction of organized meetings to 
customize care pathways induced a change in the mutual professional relationship. The 
organized meetings also induced mutual respect and much more awareness among 
both professionals on the impact and eff ect of non-medical risk factors. 

General recommendations

Several practical considerations should be addressed before a new approach to an-
tenatal risk assessment is implemented in routine practice. Healthcare professionals 
may need training to assess and encounter non-medical risk factors. Time schedule of 
the fi rst antenatal visit and extra time for multidisciplinary consultations may require 
adaptation. Health insurance reimbursement schemes might need revision in order to 
enable this. 

Professionals from obstetric and non-obstetric care should also agree about the 
comprehensive risk concept as a base to collaborate. A national, multidisciplinary 
guideline supporting the standardized screening of these risk factors would facilitate 
implementation of non-medical risk screening in the current antenatal healthcare 
system. Confl icting fi nancial incentives and existing inter-professional communication 
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barriers may represent a challenge for the implementation of new approached to risk 
assessment. Pre-existing barriers and context factors should be identifi ed.

A complex structural intervention such as the HP4All study depends on the partici-
pation of local stakeholders. Diff erences in context and setting make implementation 
monitoring essential. Further evaluation is recommended to monitor and document 
the program implementation and to get a better understanding of the associations 
between specifi c program elements and outcomes. 
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SUMMARY 

Promotion of healthy pregnancies has gained high priority in the Netherlands because 
of the relatively unfavorable perinatal outcomes compared to surrounding countries 
which was confi rmed by two consecutive European reports on perinatal health. Ad-
ditionally, large inequalities were observed within the Netherlands. Poor perinatal 
outcomes seemed to be more prevalent in deprived areas and were often associated 
with socio-economic and ethnic minority related risk factors such as low-income or 
less integration into society. Research revealed that in 85% of all cases mortality was 
preceded by perinatal morbidity (e.g. preterm birth, small-for-gestational age, sub-
optimal start or congenital anomalies), also known as Big 4 morbidities. In addition, it 
was demonstrated that non-medical risk factors (social and lifestyle risk factors) had an 
equally high impact of perinatal outcomes when compared to medical and obstetrical 
risk factors, and that the accumulation of these risk factors could even further harm the 
chances of a good pregnancy outcome. Non-medical risk factors and risk accumulation 
were especially observed in deprived areas.  This information made perinatal mortality 
an important political and social issue, which led to many national and local initiatives in 
the Dutch antenatal healthcare fi eld.

In this thesis, the aim was threefold: 1) to evaluate initiatives that were implemented to 
improve perinatal morbidity and mortality rates in the Netherlands, 2) to investigate the 
infl uence of neighbourhood deprivation on perinatal outcomes, and 3) to investigate 
the contribution of (the assessment of ) non-medical risk factors. Our results were there-
fore presented and summarized in three parts. 

Part I: Initiatives to improve perinatal health 

In chapter 2 we describe the policy process followed by policy changes in response 
to the relatively unfavorable position of the Netherlands. We aimed to identify actors, 
context and process factors that promoted or impeded agenda setting and formulation 
of policy regarding antenatal health care reform and to present an overview of the re-
newed perinatal health policy. The policy triangle framework for policy analysis by Walt 
and Gilson was applied. Actors, context factors, process factors and content factors were 
identifi ed by triangulation of data from three sources: a document analysis, stakeholder 
analysis and interviews with key stakeholders. The analysis provided a chronological 
reconstruction of the policy process after perinatal mortality rates became apparent 
(between 2004 and 2011). Important process factors for agenda setting and formulation 
of policy were the quantifi cation of the perinatal mortality problem, the openness of the 
debate and the nature of the subject. The nature of the subjects engaged a broad scope 
of actors. An accent in the contents of policy was that organizational change was neces-
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sary in care throughout the full spectrum of perinatal healthcare. Furthermore there 
was a shift in responsibility from the curative setting towards the preventive setting as 
policy stated the importance of social and environmental determinants in health. This 
pointed out the necessity of municipal involvement. Important contextual factors were 
the Dutch tiered antenatal healthcare system and divergent views regarding perinatal 
healthcare providers.

However, it seemed challenging to make perinatal health a key priority amongst 
municipal health policy makers. The direction of public health identifi ed the need for a 
dedicated project to set up such partnerships between the curative and preventive sec-
tor on municipal level to eff ectuate the local health policy. They sought for a fi eld part-
ner to execute their plans programmatically. After they identifi ed the Ready for a Baby 
program in Rotterdam, they approached its executors to discuss a national program. The 
program was to have a municipal approach and to employ preventive measures. As a 
result a grant was provided to the Erasmus MC and the HP4All study was launched. The 
study was initiated in 2011 by the Erasmus University Medical Centre with support of the 
Ministry of Health, Welfare and Sport to implement strategies to improve perinatal out-
comes with special focus on deprived areas. The Ready for a baby program provided the 
framework for this national study. The main purpose of the HP4All study was to evalu-
ate the eff ectiveness of two interventions in 14 municipalities to prevent and reduce 
adverse pregnancy outcomes; (1) the preconception care sub-study, a population-based 
prospective cohort study focusing on the feasibility and eff ectiveness of customized 
preconception care, and (2) the risk assessment sub-study, a cluster randomized trial 
to investigate the feasibility and eff ectiveness of scorecard-based antenatal risk assess-
ment to identify women early in pregnancy at risk for adverse pregnancy outcomes. The 
present thesis focuses on the risk assessment (RA) sub-study within the HP4All study.

In chapter 3 we describe the thorough analysis that was performed to identify 
geographical areas in which adverse perinatal outcomes were high. These areas were 
regarded as eligible for either or both sub-studies as we hypothesized that interventions 
would have be most necessary. Therefore, the selection of municipalities was based on 
multiple criteria relevant to either the preconception care intervention or the antenatal 
risk assessment intervention, or to both. Accordingly, the following municipalities were 
selected: Utrecht, Amsterdam, Den Haag, Schiedam, Tilburg, Almere, Heerlen, Enschede, 
Nijmegen, Groningen, Delfzijl, Appingedam, Menterwolde en Pekela. 

In chapter 4 we describe the design and outline of the RA sub-study. Despite the 
increasing evidence for the infl uence of nonmedical risk factors (social status, lifestyle or 
ethnicity) on perinatal outcomes, standard risk assessment in antenatal healthcare does 
not include the assessment of non-medical risks of perinatal health. The intervention 
in the RA sub-study consisted of systematic scorecard-based risk selection using the 
R4U (Rotterdam Reproductive Risk Reduction) scorecard in pregnant women at the fi rst 
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antenatal visit. Subsequent patient-tailored care pathways and consultation of profes-
sionals from diff erent medical and social disciplines were off ered in case risks were 
detected. The RA sub-study was designed as a cluster randomized controlled trial on 
municipal level. The municipalities (clusters) Amsterdam, Tilburg, Nijmegen, Enschede, 
Groningen and the four surrounding municipalities (one cluster) were assigned to the 
intervention group. The municipalities (clusters) Utrecht, Almere, Schiedam, Den Haag 
and Heerlen were assigned to the control group. The study aimed to investigate the 
eff ectiveness of systematic approach in antenatal health care on adverse pregnancy 
outcomes (primarily lowering prematurity and small for gestational age outcomes) and 
to investigate the effi  cacy of implementation (measured by the number of R4Us fi lled 
out by the healthcare professional, the performance of multidisciplinary deliberations 
and patient and healthcare professional satisfaction).

In chapter 5 we investigate the implementation of the R4U sub-study. A complex 
structural intervention such as the RA sub-study depends on the participation of local 
healthcare professionals in the participating municipalities. These diff erences in context 
and setting made implementation monitoring essential. We used an existing framework 
for the development of a program implementation monitoring plan with specifi c atten-
tion to the setting and context of the program. We performed triangulation of data from 
multiple data sources and applied pre-specifi ed criteria for evidence of implementation 
to examine the evidence for implementation. Six out of 11 municipalities (54%) met 
our criteria of implementation for the entire risk assessment program. The results of 
this process evaluation will be used to get a better understanding of the associations 
between specifi c program elements and program outcomes.

Part II: Non-medical risk factors in pregnancy    

In chapter 6 we presented the development of the R4U score card for early antenatal 
detection of risk factors and tailored prevention in an integrated care setting. The R4U 
scorecard covers 70 items divided into six domains (social status, ethnicity, care, life-
style, and medical and obstetric history). The R4U scorecard gives a weighted score to 
every pregnant woman. If the score exceeded a predefi ned cut-off  point, her risk profi le 
was discussed in a multidisciplinary consultation (MC) between community midwives, 
gynaecologists and other invited non-obstetric care providers (e.g. social workers). Pilot-
evidence from a cohort of 218 pregnancies in a multi-practice setting showed that a cut-
off  of 16 points implies that 20% of all cases were to be assessed in a multidisciplinary 
setting.

In chapter 7 we study the current practices regarding assessment and care of non-
medical risk factors in antenatal healthcare among community midwives from 139 mid-
wifery practices and gynaecologists, hospital-based midwives, and trainees in obstetrics 
from 38 hospitals. Performance of systematic screening for non-medical risk factors was 
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rare and approaches were highly variable between community midwife practices and 
hospitals. Screening mostly addressed lifestyle risk factors, whereas the frequency of 
screening for social risk factors among healthcare professionals was highly variable. 
Because there is not a national guideline or protocol for the screening on non-medical 
risk factors, local protocols were reported to be used for this purpose. Caregivers stated 
that multidisciplinary protocols were a prerequisite for assessment of non-medical risk 
factors. Only one fi fth of the caregivers used predefi ned criteria to defi ne whether or not 
patients should be discussed multidisciplinary.

In chapter 8 we examine the association between specifi c non-medical risk factors 
and socio-economic status and ethnicity. We also explored whether risk accumulation 
of these non-medical factors could be demonstrated as independent contributors to 
major adverse perinatal outcomes. Women in the lowest SES category and women of 
non-western descent were at a substantially increased risk for adverse pregnancy out-
comes. The risk factors ‘single parentship’, ‘low family income’, ‘low education level’, ‘no 
preconception folic acid supplementation’ were all signifi cantly more present among 
these groups. However, when we adjusted the eff ect of SES on adverse perinatal out-
come for non-western ethnicity, the eff ect of SES became non-signifi cant. This suggests 
that there might be an independent eff ect of ethnicity. We observed a gradual increase 
in prevalence of adverse perinatal outcome (overall perinatal morbidity and SGA and 
PTB separately) regarding the severity of a risk factor category, going from the least to 
the more favourable category of the risk factor. Apparently risk accumulation explains 
perinatal inequalities between groups. The risk impact of non-medical risk factors on 
adverse perinatal outcome was proportionally related to the number of non-medical 
risk factors; there was an up to three-fold increased risk of adverse outcome in case of 
three factors.  

Part III: Perinatal outcomes on neighbourhood level 

In chapter 9 we studied the separate contribution of several socio-demographic risks 
on perinatal health inequalities between municipalities and neighbourhoods. All in-
cluded municipalities showed higher rates of perinatal morbidity and mortality than the 
national average. Patterns in perinatal health inequalities diff er on both the municipal 
and neighbourhood level. Some municipalities show overall high rates of adverse 
perinatal outcomes, while others show large diff erences between neighbourhoods. 
Considerable diff erences in low socio-economic status between municipalities were 
apparent. For some municipalities, socio-demographic risk factors were a strong predic-
tor for the observed inequalities, while in other municipalities these factors were very 
weak predictors. If all socio-demographic determinants were set to the most favorable 
value in a predictive model, combined perinatal morbidity would decrease with 15% to 
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39% in these municipalities. These diff erent patterns of inequality suggest diff erences 
in etiology.

Chapter 10 we summarize the evidence form observational studies on the relation 
between neighbourhood deprivation and the risks for preterm birth, small for gesta-
tional age, and stillbirth. This meta-analysis indicated that neighbourhood deprivation 
was signifi cantly associated with all three perinatal outcomes separately.  

Chapter 11 we summarize and discuss the main fi ndings of this thesis and its rec-
ommendations for the clinical fi eld and policy. This thesis provided an intervention 
strategy in which high perinatal risk regions were targeted. Taking the evidence from the 
present study and previous studies on non-medical risk factors and risk accumulation 
into account, it makes sense to organize tailor-made antenatal healthcare responsive 
to women’s needs with local initiatives and in close collaboration with Public Health 
services to approach these risk factors. Early detection (preferably at the intake) may 
contribute to the improvement of perinatal outcomes either by increased awareness or 
the ability of risk modifi cation. Given that prevalence of medical risk factors in women 
living in deprived neighbourhoods is already higher, non-medical risk factors require 
active screening and active intervention amongst these women. We believe that the 
emerging knowledge on the predictive role of both medical and non-medical risk fac-
tors, and risk accumulation justifi es the implementation of structural risk assessment in 
antenatal healthcare. 
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NEDERLANDSE SAMENVATTING 

Perinatale gezondheid kreeg in Nederland hoge prioriteit door de verschijning van twee 
opeenvolgende rapporten waaruit bleek dat ons land ongunstig scoort op perinatale 
sterftecijfers ten opzichte van omliggende landen. Naast deze relatief ongunstige positie 
werden er ook verschillen in perinatale sterftecijfers binnen Nederland geobserveerd. 
De prevalentie van ongunstige zwangerschapsuitkomsten was hoger in achterstands-
wijken en werd geassocieerd met sociaaleconomische en etniciteit gerelateerde risico-
factoren, zoals een laag inkomen of verminderde integratie in de samenleving. 

Onderzoek liet zien dat perinatale morbiditeit in 85% van de gevallen voorafgaat 
aan perinatale sterfte. Perinatale morbiditeit werd gedefi nieerd als het voorkomen van 
vroeggeboorte (geboorte < 37 weken), dysmaturiteit (geboortegewicht < 10e percen-
tiel), lage Apgar score (score < 7 gemeten 5 minuten na de geboorte) en / of congenitale 
afwijkingen, ook wel de ‘Big 4 aandoeningen’ genoemd. Daarnaast liet onderzoek zien 
dat niet-medische risicofactoren (sociale en leefstijl gerelateerde risicofactoren) een be-
langrijke rol spelen in ongunstige zwangerschapsuitkomsten. Tot slot werd een opsta-
peling van deze risicofactoren (risicocumulatie) geassocieerd met een extra verhoogd 
risico op een ongunstige zwangerschapsuitkomst. Niet-medische risicofactoren en 
risicocumulatie werden vaker gezien bij zwangeren die wonen in achterstandswijken. 

Deze nieuwe inzichten zorgden ervoor dat perinatale sterfte werd herkend als een 
belangrijk politiek en maatschappelijk probleem. Dit heeft geleid tot veel lokale en 
landelijke initiatieven op het gebied van perinatale gezondheidszorg. 

Dit proefschrift heeft drie hoofddoelen: 1) de evaluatie van een aantal initiatieven in 
Nederland die tot doel hebben om perinatale uitkomsten te verbeteren, 2) onderzoek 
naar de bijdrage van niet-medische risicofactoren op zwangerschapsuitkomsten en hoe 
hier in de huidige verloskundige zorg aandacht aan wordt besteed, 3) onderzoek naar de 
invloed van achterstandswijken op zwangerschapsuitkomsten. Dientengevolge worden 
de resultaten gepresenteerd in drie delen. 

Deel I: initiatieven om perinatale gezondheid te verbeteren 

In hoofdstuk 2 beschrijven we het beleidsproces en daaropvolgende beleidsaanpas-
singen in het perinatale gezondheidsbeleid als reactie op de relatief ongunstige peri-
natale sterftecijfers in Nederland. We hadden tot doel om de actoren, inhoudsfactoren, 
contextuele factoren en procesfactoren die de agendasetting hebben beïnvloed te 
identifi ceren en het hernieuwde beleid chronologisch in kaart te brengen. Hiertoe 
maakten we gebruik van drie databronnen: een documentanalyse van alle kamerstuk-
ken gepubliceerd van 2004 (verschijning 1e report) tot 2011 (initiatie nieuw beleid), een 
stakeholder analyse en interviews met de geïdentifi ceerde stakeholders. Belangrijke 
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procesfactoren voor de agendasetting en beleidsaanpassingen waren het inzichtelijk 
worden van de cijfers (kwantifi catie van het probleem), het openlijke debat (media) 
en het onderwerp babysterfte waarbij een groot aantal actoren betrokken waren. Een 
belangrijke inhoudelijke factor was het inzicht in een noodzakelijke organisatieveran-
dering door de gehele keten. Daarnaast werd een deel van de verantwoordelijkheid van 
perinatale gezondheidszorg ondergebracht onder de preventieve zorg, omdat duidelijk 
werd dat sociale en omgevingsfactoren ook een belangrijke rol speelden in perinatale 
gezondheid. Hierdoor werd de rol van gemeenten ook steeds duidelijker en belangrijker. 
Belangrijke contextuele factoren waren de huidige organisatie van de verloskundige 
zorg in Nederland met het 3-lagig systeem (1e, 2e en 3e lijn) en de uiteenlopende opvat-
tingen tussen de beide beroepsgroepen (verloskundigen en gynaecologen). 

De actieve participatie van gemeenten in perinatale gezondheid bleek een uitdagend 
voorstel en daarom ging men opzoek naar partners in het veld om samenwerkingsver-
banden tussen curatieve en preventieve zorg op lokaal niveau te realiseren. Hiertoe 
werden de uitvoerders van het programma Klaar voor een Kind uit Rotterdam benaderd. 
Dit programma werd op gemeenteniveau in samenwerking met het Erasmus MC uit-
gevoerd en had tot doel de perinatale morbiditeit en mortaliteit in Rotterdam terug te 
dringen. De focus lag op wijken met de hoogste sterftecijfers. Het Erasmus MC schreef 
een projectvoorstel om deze aanpak ook in andere gemeenten met hoge perinatale 
morbiditeits- en sterftecijfers te implementeren. Het project genaamd Healthy Pregnan-
cy 4 All (HP4All) werd in 2011 met ondersteuning van het ministerie van Volksgezond-
heid, Welzijn en Sport in 14 gemeenten in Nederland uitgevoerd. Ook in dit project lag 
de focus op wijken met de meest ongunstige zwangerschapsuitkomsten. Strategieën 
en instrumenten uit het programma Klaar voor een Kind werden op nationaal niveau 
verder uitgewerkt, geïmplementeerd en geëvalueerd met aandacht voor lokale voor-
zieningen. Het belangrijkste doel van HP4All was de evaluatie van twee interventies om 
perinatale morbiditeit en mortaliteit te reduceren in deze 14 gemeenten. Het project 
is opgebouwd uit twee deelstudies, te weten 1) de preconceptiezorg sub-studie, een 
prospectief cohort onderzoek met de focus op de haalbaarheid en eff ectiviteit van pre-
conceptiezorg en 2) de risicoselectie sub-studie, een zogenoemd ‘cluster randomised 
controlled trial’ waarin de haalbaarheid en eff ectiviteit van systematische risicoselectie 
vroeg in de zwangerschap op zwangerschapsuitkomsten wordt geëvalueerd. Dit proef-
schrift is gebaseerd op de Risicoselectie (RS) sub-studie binnen HP4All.

In hoofdstuk 3 voeren we een analyse uit om geografi sche gebieden (wijken) met 
hoge zwangerschapsuitkomsten te identifi ceren. Hiertoe gebruikten we meerdere se-
lectiecriteria met als doel wijken te identifi ceren waarin vrouwen maximaal zouden pro-
fi teren van de interventies in beide experimenten. De gemeenten Utrecht, Amsterdam, 
Den Haag, Schiedam, Tilburg, Almere, Heerlen, Enschede, Nijmegen, Groningen, Delfzijl, 
Appingedam, Menterwolde en Pekela werden op basis van deze criteria geselecteerd.
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In hoofdstuk 4 beschrijven we het onderzoeksprotocol van de RS sub-studie. Ondanks 
toegenomen kennis over niet-medische risicofactoren (sociale en leefstijl gerelateerde 
risicofactoren) in relatie tot zwangerschapsuitkomsten, werd in de verloskundige zorg 
niet standaard gescreend voor deze risicofactoren. De interventie bestond uit risicosig-
nalering met het instrument ‘Rotterdam Reproductive Risk Reduction scorecard’ (R4U 
scorekaart) tijdens de eerste antenatale controle bij elke nieuwe zwangere. Aanslui-
tende zorgpaden en multidisciplinair overleg zorgden voor juiste zorgtoeleiding en af-
gestemd antenataal beleid. Het onderzoek werd uitgevoerd in de vorm van een cluster 
randomised controlled trial in verloskundigenpraktijken en ziekenhuizen gelegen in de 
geselecteerde wijken van de 14 deelnemende gemeenten (10 clusters). De gemeenten 
Amsterdam, Tilburg, Nijmegen, Enschede en Groningen en de vier omringende ge-
meenten (1 cluster) waren zogenoemde interventie clusters. De gemeenten Utrecht, 
Almere, Schiedam, Den Haag en Heerlen waren controle clusters. Geëvalueerd werd 1) 
de haalbaarheid van de implementatie (o.a. aantal zwangeren waarbij de R4U werd af-
genomen, het aantal vrouwen dat multidisciplinair werd bespreken en de tevredenheid 
onder zorgverleners en zwangeren) 2) de eff ectiviteit van de interventie op ongunstige 
zwangerschapsuitkomsten te weten laag geboortegewicht (< p10) en prematuriteit 
(zwangerschapsduur <37 weken).

In hoofdstuk 5 onderzoeken we de haalbaarheid van de implementatie met procese-
valuatie. Een complexe interventie als de RS sub-studie is afhankelijk van de deelname 
van lokale zorgverleners in de 14 geselecteerde gemeenten. Verschillen in context 
en achtergrond maakten monitoring van de implementatie noodzakelijk. Voor deze 
monitoring maakten we gebruik van een bestaande methode voor het monitoren en 
evalueren van zulke complexe interventies. Door triangulatie van data afkomstig uit ver-
schillende bronnen en vooraf samengestelde criteria werd per gemeente geëvalueerd 
of aan de implementatie criteria werd voldaan. Hiermee werd de vraag beantwoord of 
de interventie succesvol was geïmplementeerd. Zes van de 11 clusters (Groningen stad 
en omringende gemeenten werden afzonderlijk geëvalueerd) voldeden aan de gestelde 
criteria voor implementatie. De resultaten van de procesevaluatie worden gebruikt om 
de verschillende verbanden tussen programma-elementen en uitkomsten in perspectief 
te kunnen plaatsen. 

Deel II: niet-medische risicofactoren in de zwangerschap 

In hoofdstuk 6 presenteren we de ontwikkeling van de R4U scorekaart voor vroegtij-
dige signalering van risicofactoren en aansluitende zorgpaden ter ondersteuning van 
integrale geboortezorg. De R4U scorekaart omvat 70 risicofactoren onderverdeeld over 
6 domeinen (sociale, psychische, leefstijl, algemeen medische, obstetrische en zorg 
gerelateerde risicofactoren). Na het invullen ontstaat een gewogen risicoscore. Bij een 
score boven de drempelwaarde wordt geadviseerd een zwangere in multidisciplinair 
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verband te bespreken met verloskundigen, gynaecologen, andere zorgverleners en 
hulpverleners uit het niet-medische domein. Uit een pilotstudie met 218 zwangeren 
concludeerden we een risicoscore boven de 16 punten er op neerkomt dat 20% van de 
zwangeren besproken dient te worden in een multidisciplinaire setting. 

In hoofdstuk 7 onderzoeken we de huidige manier van risicoselectie en zorgtoeleiding 
voor niet-medische risicofactoren in de verloskundige zorg bij eerstelijnsverloskundigen 
uit 139 praktijken en gynaecologen, klinisch verloskundigen en arts-assistenten uit 38 
ziekenhuizen. Hieruit bleek dat systematische risicoscreening voor niet-medische risico-
factoren vrijwel nooit werd uitgevoerd en grote verschillen in de aanpak bestond tussen 
eerstelijns verloskundigen en gynaecologen. De meerderheid van de respondenten gaf 
aan wel naar leefstijl gerelateerde risicofactoren te vragen, maar voor de screening op 
sociale risicofactoren bestonden grote verschillen tussen de respondenten. Er is geen 
landelijke richtlijn voor de screening op niet-medische risicofactoren en werden vaak 
lokale protocollen gebruikt. Zorgverleners gaven aan dat ze een multidisciplinaire richt-
lijn voor niet-medische risicofactoren nodig hebben. Een vijfde van de respondenten 
gebruikte vooraf gestelde criteria om te besluiten of een zwangere multidisciplinair 
besproken zou moeten worden. 

In hoofdstuk 8 kijken we naar de associatie tussen niet-medische risicofactoren, so-
cio-economische status en etniciteit. Daarnaast onderzoeken we of risicocumulatie een 
onafhankelijke rol speelt bij het ontstaan van ongunstige zwangerschapsuitkomsten. 
Vrouwen met een lage socio-economische status en vrouwen van niet-westerse afkomst 
bleken een substantieel verhoogd risico op ongunstige zwangerschapsuitkomsten te 
hebben. De risicofactoren ‘alleenstaand’, ‘laag gezinsinkomen’, ‘laag opleidingsniveau’, 
‘geen preconceptioneel foliumzuurgebruik’ waren allemaal signifi cant vaker aanwezig 
in deze groep. Wanneer we corrigeerden voor socio-economische status op ongunstige 
zwangerschapsuitkomsten bij de groep niet-westerse zwangeren verdween dit eff ect. 
Dit suggereert dat er mogelijk een onafhankelijk eff ect voor etniciteit bestaat. We obser-
veerden een geleidelijke toename in de kans op deze ongunstige uitkomsten naarmate 
er meer risicofactoren aanwezig waren. De resultaten konden deels verklaard worden 
door risicocumulatie. Concluderend was de impact van niet-medische risicofactoren 
proportioneel gerelateerd aan het aantal risicofactoren bij een zwangere, oplopend tot 
een drievoudig verhoogd risico indien er drie niet-medische risicofactoren aanwezig 
waren. 

Deel III: zwangerschapsuitkomsten op wijkniveau

In hoofdstuk 9 onderzoeken we de afzonderlijke bijdrage van verscheidene socio-de-
mografi sche risicofactoren op perinatale gezondheidsverschillen tussen verschillende 
gemeenten en wijken in deze gemeenten. Deelnemende gemeenten toonden allemaal 
hogere morbiditeits- en sterftecijfers dan het landelijk gemiddelde. Hieruit bleek dat 
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patronen in perinatale gezondheidsverschillen zowel op gemeente als op wijkniveau 
verschillend waren: in sommige gemeenten waren de zwangerschapsuitkomsten 
in alle wijken verhoogd, terwijl in andere gemeenten grote verschillen tussen wijken 
bestonden. Daarnaast speelde socio-economische status in sommige gemeenten een 
belangrijke rol in de verklaring van ongunstige zwangerschapsuitkomsten, maar in 
andere gemeenten niet. De bijdrage van socio-demografi sche risicofactoren hebben 
we met een voorspellingsmodel gekwantifi ceerd. Hieruit bleek dat indien alle socio-
demografi sche risicofactoren werden omgezet naar gunstige factoren (vb. een hoge 
socio-economische status i.p.v. een lage socio-economische status), de perinatale 
morbiditeit met 15% tot 39% kan afnemen in gemeenten. Dit verschil laat zien dat er 
verschillende oorzaken zijn voor perinatale gezondheidsverschillen in gemeenten. 

In hoofdstuk 10 hebben we door de resultaten van verschillende observationele 
onderzoeken samen te voegen gekeken naar de associatie tussen achterstandswijken 
en de zwangerschapsuitkomsten vroeggeboorte, dysmaturiteit en perinatale sterfte. Uit 
deze meta-analyse bleek dat wonen in een achterstandswijk signifi cant is gerelateerd 
aan zowel vroeggeboorte, dysmaturiteit en perinatale sterfte. 

Hoofdstuk 11 presenteert een samenvatting en discussie van de hoofdbevindingen 
en conclusies dit proefschrift, en voorziet in klinische en beleidsgerelateerde aanbe-
velingen en implicaties voor het veld. Dit proefschrift biedt een interventie strategie 
gericht op zwangeren wonend in potentieel hoog risico wijken. Naar aanleiding van dit 
proefschrift in combinatie met eerdere studies aangaande niet-medische risicofactoren 
en risicocumulatie verdient systematische screening op medische en niet-medische 
risicofactoren en een toespitste, individuele interventie naar onze mening de aandacht 
in de huidige antenatale zorg bij deze groep zwangeren. Bij voorkeur in samenwerking 
met de publieke gezondheidssector op landelijk en lokaal niveau. Vroege detectie (bij 
voorkeur tijdens het eerste zwangerschapsconsult) zou kunnen bijdragen aan de ver-
betering van de perinatale gezondheidsuitkomsten door toegenomen bewustzijn bij 
zorgverleners en het vroegtijdig (multidisciplinair) aanpakken van risicofactoren. 
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Attending the Sophia Children’s hospital Research days poster presentation 2014 0.2
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2012 1
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accumulation in relation to perinatal outcomes’, Erasmus Medical Center

2014 2
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 DANKWOORD 

Als geneeskunde student raakte ik geïnspireerd door een voordracht over perinatale 
gezondheidsverschillen in Rotterdam. Het leek mij de ultieme combinatie: verloskunde 
en Public Health. ‘Maar waar vind je nóg zo’n project?’ dacht ik toen nog. Niet wetende 
dat ik een half jaar later zou starten bij het Healthy Pregnancy 4 All project.  

Graag wil ik iedereen bedanken die op enige wijze heeft bijgedragen aan de totstand-
koming van dit proefschrift. In het bijzonder de leden van de commissie voor uw be-
reidheid om plaats te nemen en aanwezig te zijn bij de ceremonie. Dank aan de kleine 
commissie voor het kritisch lezen van deze thesis. 

Er zijn een aantal personen die ik graag in het bijzonder wil bedanken. Allereerst wil ik 
graag stilstaan bij alle zorgverleners, projectmedewerkers en zwangeren uit de deelne-
mende gemeenten. 
Mijn grootste dank gaat uit naar alle verloskundigenpraktijken en ziekenhuizen uit de 
gemeenten Delfzijl, Appingedam, Winschoten, Veendam, Pekela, Menterwolde, Gronin-
gen, Enschede, Nijmegen, Heerlen, Tilburg, Schiedam, Utrecht, Den Haag, Amsterdam 
en Almere die aan dit project hebben deelgenomen. Het was een sprong in het diepe 
om opeens met de ‘Rotterdamse’ manier van risicoscreening te werken zoals ‘de R4U’ en 
‘zorgpaden’ (die er overigens nog niet waren, maar nu wel overal zijn!). We hebben veel 
van jullie gevraagd door spreekuren aan te passen of juist door ‘gewoon maar controle 
stad te zijn’. En jullie hebben het allemaal gedaan. Ik ben dan ook heel trots dat we 
zover met elkaar zijn gekomen in een roerige tijd waarin vaak een beroep op jullie werd 
gedaan. Ik ben jullie ook heel erg dankbaar voor jullie volhardende deelname, maar ook 
de keer op keer gastvrije ontvangst. Alle bezoeken en ‘zorgpadbijeenkomsten’ hebben 
ertoe bijgedragen dat ik veel heb geleerd over het reilen en zeilen binnen de verloskun-
dige zorg, maar ook over het belang en de positie van eerstelijnszorg. Ik hoop jullie nog 
eens te ontmoeten op een congres of op de werkvloer. 

Daarnaast wil ik graag mijn promotores - prof. dr. Eric A.P. Steegers & prof. dr. Gouke J. 
Bonsel  - en copromotor – dr. Semiha Denktaş – in het bijzonder bedanken. 
Professor Steegers, beste Eric, jij was degene die de sociale verloskunde nieuw leven 
heeft ingeblazen en ervoor gezorgd heeft dat ik toch bij het Erasmus MC bleef plakken. 
Door je rol als programmadirecteur en promotor hebben we vaak samen gesproken. 
Ondanks je drukke agenda was je altijd goed bereikbaar. Het was ook leuk om je van 
een andere kant te leren kennen door de feestelijke borrels en tijdens etentjes en sport-
wedstrijden op congressen. 
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Professor Bonsel, beste Gouke, ik ken niemand die zoveel passie heeft voor onderzoek 
als jij. Mijn eerste vraag aan jou was ‘wat maakt iemand nou een goede onderzoeker’. 
Ik denk nog vaak terug aan het antwoord dat je toen gaf. In het begin moest ik wel 
even wennen aan je ‘time management’, maar dat kan ook te maken hebben met mijn 
tikkeltje ongeduldige karakter. We hebben samen een aantal mooie papers geschreven, 
die dankzij jouw ervaring en kritische blik altijd naar een hoger niveau werden getild. 
Ik denk terug aan een tijd waarin we veel hebben gepraat over de kunst van de weten-
schap en data-analyse, maar ook alles daaromheen. 
Doctor Denktaş, beste Semiha, wat hebben wij een hoop meegemaakt samen. Bedankt 
dat je mij alle vertrouwen en ruimte die je mij gaf tijdens dit traject. Dat was wat ik nodig 
had en dat voelde je goed aan. Ik vind je een vrouw van de wereld door je doorzet-
tingsvermogen, multitasking talent, zakelijke blik op de wereld en enorme dosis humor. 
En dat allemaal met de ‘female touch’, want voor testosteron blijk je lichtelijk allergisch. 
Ook na je vertrek bleef je meer dan betrokken en je stond altijd voor mij klaar. Iets wat 
ik altijd heel erg heb gewaardeerd. Je bent de beste copromotor die ik me had kunnen 
voorstellen en ik hoop dat we elkaar blijven zien. 

Uiteraard wil ik ook alle co-auteurs bedanken voor hun bijdragen aan de artikelen in dit 
proefschrift. 
Zonder onze lokale projectleiders was het Healthy Pregnancy 4 All project nooit gestart. 
Bedankt Renee Stoff els (Groningen), Marieke Bunnik (Enschede), Gerdine Fransen & 
Mieke van der Biezen (Nijmegen), Bea Zeelen (Heerlen), Miek van der Ham (Tilburg), 
Shanty Badal (Schiedam), Evy Hochheimer (Utrecht), Annette de Graaf (Den Haag), 
Arnoud Verhoeff  en Jantien Aalbregtse (Amsterdam) en Brigitte Heusschen & Stefan 
Wigger (Almere). Wat was fi jn om met jullie te mogen samenwerken in dit project! Ik 
vond de voorbereidingen voor alle zorgpadbijeenkomsten, vooraf koffi  es en etentjes, 
de vele autoritjes van en naar het station, de vele telefoontjes en mailtjes en de pro-
jectleidersbijeenkomsten in Utrecht altijd erg plezierig. Ook dank aan al jullie collega’s 
die hebben ondersteund bij de ontwikkeling van zorgpaden en implementatie van de 
R4U scorekaart. Door jullie heb ik de Public Health kant van de zorg leren kennen, een 
onbeschrijfl ijke meerwaarde van dit project. Ik weet nu wat jullie allemaal te bieden 
hebben, dus jullie zijn nog niet van mij af…

Lieve Healthy Pregnancy 4 All collega’s Sabine van Voorst, Adja Waelput, Lieke de Jong 
en Daniëlle van Veen. Gelukkig wisten we niet wat ons te wachten stond in september 
2011, maar dat het ambitieus zou zijn wisten wel. Het was zeker niet altijd gemakkelijk, 
maar we hebben ons er samen doorheen geslagen. 
Adja, ondanks ons enorme leeftijdsverschil, achtergrond, kijk op de wereld (sorry ik ben 
niet zo milieu bewust, ik eet niet biologisch en ik bestel schaamteloos een schnitzel waar 
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je bijzit...), maar onze gezamenlijke passie voor koken en verloskundige zorg hebben we 
het risicoselectie-onderdeel tot een goed einde weten te brengen. Je bulderende lach 
gaat door merg en been en schaamteloos door elke treincoupé. Heel veel succes met 
Healthy Pregancy 4 All 2. 
Lieke, jouw voorletters zouden vervangen moeten worden door L.P, want preconceptie-
zorg is echt je middle-name. Die bon voor het consult kom ik op z’n tijd nog wel eens 
bij je inleveren. 
Daan, ik vond je een super collega. Onze projecten raakten elkaar eigenlijk niet, maar 
dat maakte het juist zo fi jn om met elkaar te kunnen sparren. Ik hoop dat je al je dromen 
waar gaat maken ‘als je later groot bent’. Dat heb je verdiend. 
Lieve overige (oud) Westzeedijkers en KveK’ers: Jashvant Poeran, Babs van der Kooy, 
Chantal Quispel, Sevilay Temel, Ingrid Peters, Mieke van Veen, Kirsten Heetkamp, Anke 
Posthumus, Vera Schölmerich, Marijana Vujkovic, Marisja Scheerhagen, Nienke de Groot 
en Erwin Birnie, bedankt voor de gezelligheid, samenwerking en leuke lunches samen! 
Anke en Vera, jullie wil ik nog in het bijzonder bedanken. Anke, ik blijf me verbazen over 
jouw enorme dosis zelfdiscipline. Zelfs als ik dacht extreem vroeg aanwezig te zijn, was 
jij alweer fris en fruitig aan het werk. Het was niet altijd gemakkelijk met de HP4All-gang 
in je nek, maar je hebt je kranig geweerd. Bedankt voor je gezelligheid in kamer Wk231 
en onze shisha-avond in Miami zal ik nooit meer vergeten… 
Vera, je stond opeens voor onze neus. Ik zal die dag nooit meer vergeten. En dat je dan 
ook nog als eerste van ons bent gepromoveerd, onverkoopbaar. Natuurlijk was je een 
fantastische aanwinst op onze kamer, tijdens de borrels en de skireis! 
Brenda Karsan, Rachel Bakker, Ageeth Rosman, en Toon Juttman, wat fi jn om ook met 
jullie te mogen samenwerken ook al was het niet voor het hele project. 
Studenten, Annemiek Leeman, Mijke Hofhuis, Varsha Jahrap, Sehrash Mahmood, ik vond 
het een eer om jullie te mogen begeleiden tijdens jullie keuze-onderzoek. Bedankt 
voor jullie inzet, hulp bij dataverzameling en enorme betrokkenheid. Jullie waren een 
fantastische toevoeging voor de Westzeedijk! Joske Moscou, bedankt voor jouw hulp in 
de gemeente Tilburg, door jou liep dit op rolletjes. 
Jacky Lagendijk en Meertien Sijpkens, de nieuwe HP4All-2’ers, we hebben maar kort 
samengewerkt maar het was me een waar genoegen! Heel veel succes met jullie 
promotie-trajecten. Zoals je ziet komt het altijd goed, heb daar vertrouwen in. 
En natuurlijk de andere (oud) collega-onderzoekers van de afdeling Verloskunde en 
Gynaecologie: Babette, Evelyne, Kim, Wendy, Yvonne, Nienke, Emilie, Nicole, Johan, 
Manon, Bas, Ruben, Zoë, Caroline, Irene, Mathijs, Marit, Jennifer, Paulien, Nina, Leonie, 
en iedereen die ik ben vergeten. Bedankt voor de gezellige tijd, de fantastische ski-reis, 
en de SGI in Orlando en Florence! 
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Jolanda Claessens, bedankt voor het meedenken bij het plannen van afspraken en 
promotoren-overleggen in al die overvolle agenda’s Ook tijdens de afronding bleek je 
een onmisbare schakel. 

Lieve collega’s uit het Diak, vanaf dag 1 voelde ik mij bij jullie thuis. Allereerst bedankt 
voor de kans om hier te mogen starten als ANIOS. Daarnaast veel dank voor al het geduld 
en plezier waarmee jullie mij het vak hebben geleerd en jullie vertrouwen en support 
om te beginnen aan de opleiding tot gynaecoloog. Sharon, partner-in-crime. ‘Lunchen’ 
met jou op een RV-dag is een goede succesformule, laten we dit in stand houden. Of 
wordt het de shotjesbar?? 

Lieve meiden uit Schijndel, lieve Roos, Evelien, Yvon en Lieke, ik vind het onbetaalbaar 
dat we nog steeds zo’n goede vriendinnen zijn. Wie had dat ooit gedacht bij de totstand-
koming van RY(P)ELA in 1999. Ik hoop dat we onze gezellige etentjes, weekendjes en 
borrels nog héél lang gaan voortzetten. 

Lieve Summies en Marije, lieve Brenda, Anna, Marie, Lotte, en Marije, wat is het leven 
toch zwaar hè als arts. Wat was het heerlijk om op onze etentjes en weekendjes wat 
stoom af te blazen. Gelukkig gaat het plannen altijd vlekkeloos door onze fantastische 
werktijden. Maar kijk eens wat we in de tussentijd bereikt hebben, daar mogen we trots 
op zijn. Ik zeg, we zetten dit volhardend voort (maar het liefst nooit meer in een tent…)!

Lieve ladies uit Wageningen, lieve Marlou, Iris en Eveline, we waren er al snel uit: met 
onze vieren klikt het wel. Ik gooide ietwat roet in eten door al snel naar Utrecht te ver-
huizen, maar dat mocht de pret niet drukken! En als je een landelijk project gaan doen, 
dan crash je gewoon bij Eef in Groningen, bij Lou in Maastricht en in het weekend bij Iris 
in Rome of Londen toch? Ladies, jullie hebben echt wel laten zien dat vriendschap over 
grenzen gaat. 

Lieve schoonfamilie, de Meulstees, bedankt voor jullie steun en interesse in mijn pro-
motie. Ik kan me voorstellen dat de academische wereld soms lastig te volgen is, maar 
tijdens een gezellige barbecue en een biertje wordt alles relatief. 

Lieve Roos, bedankt voor het ontwerp en de lay-out van dit proefschrift. Naast je talent 
als architect blijk je ook een geboren vormgever!

Lieve paranimfen, wat een eer dat jullie vandaag naast mij staan. Lieve Sabine, ik zal je 
altijd blijven herinneren aan jouw favoriete uitspraak ‘wie is hier nou de snackbar’. Het 
geeft exact weer hoe wij ons vaak hebben gevoeld. Ik waardeer je enorme doorzet-
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tingsvermogen de afgelopen jaren. Onze gezamenlijke policy analysis vond ik echt een 
kroon op ons werk. Je was een enorme steun tijdens het project, maar wellicht nog meer 
in het jaar erna. Fijn dat je vandaag naast mij wil staan.  
Lieve Lou, zie je ons nog zitten bij de ‘wok-to-go’ in Eindhoven voor onze eerste wijn-
cursus? Ik was ervan overtuigd dat ik alle tijd van de wereld zou hebben voor nieuwe 
hobby’s met een 36-uurs contract. Memorabel. We zijn het promotie-avontuur samen 
begonnen, ik in Rotterdam en jij in Maastricht, en ik vind het een eer om het met jou af 
te mogen sluiten. Wijn bleek het centrale thema de afgelopen 4 jaar, in voor- en tegen-
spoed. En die vinologen opleiding, die gaat er komen voor ons!

Lieve papa en mama, bedankt voor jullie onvoorwaardelijke liefde, steun en vertrouwen. 
Mam, zonder jou was ik nooit geneeskunde gaan studeren, ik ben je hier eeuwig dank-
baar voor. Bedankt dat je er altijd voor me bent en altijd in me blijft geloven. 

Lieve Vosjes, lieve Gudrun, Nathan en Julian. Een zooitje ongeregeld zijn we, hoe gekker 
hoe beter. Ik zou niet weten wat ik zonder jullie zou moeten. Ik ben zo trots op jullie!  
Lieve Maarten en Annelien, ik ben blij dat jullie erbij zijn vandaag, jullie zijn een fi jne 
aanvulling op ons gezin.  

Lieve Patrick, mocht je nog een carrière-switch overwegen, kan dit altijd binnen de 
verloskunde. Jou is inmiddels alles wel bekend in dit wereldje. Dit betekent niets anders 
dat ik je enorm mag bedanken voor je luisterend oor en betrokkenheid. Een hoogte-
puntje van mijn promotietijd was toch wel een bruiloft organiseren samen met jou. Dit 
was een ambitieuze, maar zeer welkome afwisseling in de laatste fase. Bedankt voor je 
relativeringsvermogen, nuchtere blik als ‘buitenstaander’ en onvoorwaardelijke steun 
in alle beslissingen die ik neem. Het was niet altijd gemakkelijk, maar je hebt mij enorm 
geholpen. Wij regelen het wel samen, ik ben erg gelukkig dat ik nu je vrouw ben.
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 R4U SCORE CARD

Name Study ID G:    P: Date of Birth

Name of practice Zip Code Date of booking visit Due date  LMP  US  IVF
SOCIAL  action GENERAL HISTORY action
Social situation YES NO Disorders YES NO
Single mother Chronic maternal illness (as described in script)
Relationship problems > 3 months Annual consultation GP or physician 
Experience of inadequate social support Hemoglobinopathy
Domestic violence Refuses blood transfusion (Jehovah's Witness)
Previous referral to children’s social services 

Medication YES NO
Work and income YES NO Prescribed medication
Unemployed (> 3 months) Over-the-counter drugs
Standing labour No preconceptional folic acid use
Working hours > 32 and stressful 
Netto family income < 1000 euro Infectious diseases YES NO
Irredeemable Financial debts (Treated for) sexually transmitted disease last year
Partner unemployed Promiscuity 

At risk for Toxoplasmosis 
Education YES NO At risk for Rubella 
Low education level (< 7 years) or illiterate

Psychiatry YES NO
Neighbourhood YES NO History of psychiatric admission / positive family history (1st degree)

Housing problems Current use of psychiatric medication 
Deprived neighbourhood* Current psychiatric problems
(*ZIP code classification present in script)

OBSTETRIC HISTORY
ETHNICITY History YES NO
Ethnicity YES NO Nulliparous
Surinamese - Hindo Recurrent miscarriage (2 or more)
Surinamese - Creole Interpregnancy interval < 6 months
Surinamese - Javanese Preterm birth (< 37 weeks)
Antillean / Aruban Low Apgarscore < 7 after 5 minutes 
Cape Verdian Small for gestational age (<p10)
Turkish Previous child with major congenital anomalies
Maroccan Stillbirth (22 weeks - 7 days postpartum)
Non-Western other Shoulder dystocia
Language / communication YES NO Instrumental delivery
Language barrier (limited Dutch or English) Caeserean section 
Exclusively communication by interpreter Gestational diabetes
Mentally disabled Manual placental removal / postpartum haemorrhage 
REPRODUCTIVE FACTORS Placental abruption 
General YES NO (Pre)eclampsia or HELLP syndrome
Uninsured 

Family YES NO
Family planning / age YES NO Major congenital anomaly in first degree relative
Unwanted pregnancy Other (as described obstetric indication list)
Unplanned, but wanted pregnancy
Assisted reproduction (ICSI/IVF/IUI/oocyte donation) Result booking bloods POS NEG
Teenage pregnancy ( 18 yeas) Irregular antibodies
Advanced maternal age (> 40 jaar) Hepatitis B

HIV
Obstretical YES NO Lues

Start antenatal care 12 - 14 weeks
Late start antenatal care > 14 weeks Preconception consult 

 Yes midwife           Yes GP  No
LIFESTYLE     date (mm/yy):             date (mm/yy): 
Intoxication YES NO
Preconceptional smoking (past 6 months)
Smoking during first trimester Plus factor
Smoking during second trimester
Preconceptional alcohol use (past 6 months)
Alcohol use during first trimester
Alcohol use during second trimester
Preconceptional illicit drug use (past 6 months) Result 
Illicit drug use during first trimester Domain Score
Illicit drug use during second trimester Social

Ethnicity
Nutrition YES NO Care
Vegetarian, vegan or macrobiotic diet Life style 
No daily vegetable intake General history
No daily fruit intake Obstetrical history

Lab results booking bloods
Body weight YES NO CUMULATIVE score 
BMI < 18
BMI 30 - 35 Time start consult (hh:mm)
BMI > 35 Time end consult (hh:mm)

Additional notes 
Partner YES NO NA
present

R4U ©Erasmus MC 2012
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 Short description care pathway ‘Psychosocial’ 

Background
Construction of this care pathway is mainly based on the programs ‘VoorZorg’ and 
‘Prezorg’. Unfortunately, these initiatives were not enrolled in every municipality of the 
Netherlands. Therefore, the proposed care pathway is a typical example of blueprint. 
The defi nitive version will depend on local organizations and initiatives which are of-
fered in a particular municipality. 

For pregnant women younger than the age of 18 that are not eligible for these two 
programs, we refer to the fl owcharts regarding teenage pregnancy (described further 
on in this document). If a health care professional has a strong suspicion for substance 
abuse (alcohol or drugs) and a pregnant woman is again not eligible for ‘VoorZorg’ or 
‘Prezorg’, we refer to the fl owchart ‘substance abuse in pregnancy’.  

The program ‘VoorZorg’ is based on the American ‘Nurse Family Partnership’ program. 
Nulliparous women younger than 25 years and low educated are eligible for this pro-
gram. The main goals are primary prevention of child abuse, improving mother health 
during pregnancy (i.e. cigarette smoking), improving child’s health and development by 
helping parents to provide more competent care and improving mother’s own personal 
development. The program provides approximately 10 home visits during pregnancy 
conducted by trained nurses. The visits are more frequent during the fi rst month of 
the intervention, which will start from on the 16th week of gestation, and the six weeks 
postpartum. The program fi nishes two years after child birth1-3.

Prezorg is a less intensive program for those women not eligible for ‘VoorZorg’ or in 
case the program is expected to be too intensive. The main purpose of Prezorg is to 
inform and prepare future parents on parenthood to reduce stressful events.  Prezorg 
stops directly after child birth. After child birth, the family will be referred to a special 
program (‘Stevig Ouderschap’ (strong parenthood)) off ered by the Center of Youth and 
Family in the Netherlands. These Youth and family centres are operating nationwide4.

REFERENCES 

 1. ‘Nurse family support in pregnancy and nurture’ (Verpleegkundige ondersteuning bij zwangersc-
hap en opvoeding), VoorZorg, www.voorzorg.info, 14 december 2011

 2. ‘Dutch Youth Institute’ (Nederlands Jeugd Instituut), www.nji.nl, 14 december 2011
 3. Mejdoubi J, van den Heijkant S, Struijf E, van Leerdam F, HiraSing R, Crijnen A, Addressing risk 

factors for child abuse among high risk pregnant women: design of a randomised controlled trial 
of the nurse family partnership in Dutch preventive health care. BMC Public Health. 2011 Oct 25; 
11: 823 

 4. ‘Strong Parenthood’ (Stevig ouderschap), www.stevigouderschap.nl, 14 december 2011







THE HEALTHY PREGNANCY 4 ALL STUDY

Strategies to Reduce 
Perinatal Health 

Inequalities

AMBER A. VOS

  TH
E H

EA
LTH

Y PREG
N

A
N

C
Y 4 A

LL STU
D

Y
A

M
BER A

. V
O

S
Strate

g
ie

s to
 R

e
d
u
c
e
 P

e
rin

ata
l H

e
a
lth

 In
e
q

u
a
litie

s


	Strategies to Reduce Perinatal Health Inequalities. The Healthy Pregnancy 4 All study = Aanpak om perinatale gezondheidsverschillen te verminderen. De Healthy Pregnancy 4 All studie
	CONTENTS
	1 - General introduction
	Part I: Initiatives to improve perinatal health 
	Chapter 2 Analysis of policy towards improvement
	3 Design and outline of the Healthy Pregnancy 4 All study.

Denktaş S, Poeran J, van Voorst SF, Vos AA, de Jong-Potjer LC, Waelput AJ, Birnie E, Bonsel GJ, Steegers EA.

BMC Pregnancy Childbirth. 2014 Jul 31;14:253. doi: 10.1186/1471-2393-14-253.

PMID:
    25080942

Free PMC Article
	4 - Effectiveness of score card-based antenatal risk selection, care pathways, and multidisciplinary consultation in the Healthy Pregnancy 4 All study (HP4ALL): study protocol for a cluster randomized controlled trial.

Vos AA, van Voorst SF, Waelput AJ, de Jong-Potjer LC, Bonsel GJ, Steegers EA, Denktaş S.

Trials. 2015 Jan 6;16:8. doi: 10.1186/1745-6215-16-8.

PMID:
    25559202

Free PMC Article
	5 - Implementation of score card-based antenatal risk selection,
care pathways, and interdisciplinary consultation (the Healthy
Pregnancy 4 All study) Submitted

	Part II: Non-medical risk factors in pregnancy
	6 - An instrument for broadened risk assessment in antenatal health care including non-medical issues.

Vos AA, van Veen MJ, Birnie E, Denktaş S, Steegers EA, Bonsel GJ.

Int J Integr Care. 2015 Mar 6;15:e002. eCollection 2015 Jan-Mar.

PMID:
    25780351

Free PMC Article
	7 - Assessment and care for non-medical risk factors in current antenatal health care.

Vos AA, Leeman A, Waelput AJ, Bonsel GJ, Steegers EA, Denktaş S.

Midwifery. 2015 Oct;31(10):979-85. doi: 10.1016/j.midw.2015.06.008. Epub 2015 Jun 22.

PMID:
    26143439 
	8 - Non-medical risk factors and risk accumulation in relation to
perinatal outcomes (the Healthy Pregnancy 4 All study)
Submitted

	Part III: Perinatal outcomes on neighbourhood level
	9 - Differences in perinatal morbidity and mortality on the neighbourhood level in Dutch municipalities: a population based cohort study.

Vos AA, Denktaş S, Borsboom GJ, Bonsel GJ, Steegers EA.

BMC Pregnancy Childbirth. 2015 Sep 2;15:201. doi: 10.1186/s12884-015-0628-7.

PMID:
    26330115

Free PMC Article
	10 - Deprived neighborhoods and adverse perinatal outcome: a systematic review and meta-analysis.

Vos AA, Posthumus AG, Bonsel GJ, Steegers EA, Denktaş S.

Acta Obstet Gynecol Scand. 2014 Aug;93(8):727-40. doi: 10.1111/aogs.12430. Epub 2014 Jun 13. Review.

PMID:
    24834960 

	Chapter 11 - General discussion
	Chapter 12 - English and Dutch summary
	Chapter 13 - Authors and affiliations | List of publications | PhD portfolio | About the author | Dankwoord
	Authors and affi liations
	List of publications
	PhD portfolio
	ABOUT THE AUTHOR
	DANKWOORD


