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bstract

bjective: To obtain more insight into the process of potential implementation of a screening program, which aims to identify
arriers of cystic fibrosis and haemoglobinopathies before pregnancy, in order to enable couples at high risk of having a child
ith these disorders, to make informed reproductive decisions.
ethods: Use of sociotechnical analysis, based on a model of co-evolution between technology and society, and, for comparison,

he study of the implementation processes of two already existing health care programs with similar aspects to the screening
rogram at issue.
esults: Factors important for success appeared to be the existence of sociotechnical niches, in which technological options
an be developed and studied in an experimental setting; a structural approach of providing information to future parents; a
arty that can articulate demand; governmental involvement in the attunement between various stakeholders; and a screening
nfrastructure in which large-scale DNA diagnostic services are available.

onclusions: Successful implementation of preconceptional carrier screening for cystic fibrosis and haemoglobinopathies will
epend on changes at both regime and landscape level, including the establishment of a new preconceptional health care setting
nd a clearly visible public health authority which can coordinate, monitor and evaluate such an initiative in public health care.
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. Introduction
Increasing knowledge about the human genome
aises great expectations about new applications in sev-
ral domains of health care, for example public health
1,2]. Genetics and public health now seem to converge

rved.
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n community genetics [3], which aims to make optimal
se of genetics in providing better health options for
he entire population [4]. In screening programs initia-
ives are taken to actively identify and inform high-risk
opulations [5]. However, in many European countries,
enetic services currently mainly focus on care that
s requested by an individual patient. Consequently, it
ill not be easy to implement new genetic screening
rograms in present health care systems.

This study is about the process of potential imple-
entation of a new genetic screening program in the
eld of community genetics in the Netherlands: precon-
eptional carrier screening for cystic fibrosis (CF) and
aemoglobinopathies (HbPs). CF and HbPs are seri-
us, autosomal recessive disorders. In patients with CF,
he production of abnormally thick mucus causes infec-
ions in the lungs and problems with digestion [6,7].
bPs are inherited blood disorders causing severe

naemia and variable, but often high morbidity [8].
When both partners in a couple are carriers of one of

hese disorders, in each pregnancy there is a 25% risk
f having a child with that disorder. Carrier screening
ermits couples at risk to make informed reproduc-
ive decisions, including not getting pregnant, prenatal
iagnosis and selective abortion, or accepting the risk.
owever, in most European countries CF and HbPs

arrier testing is restricted to the families and partners
f patients and carriers. Consequently, most healthy
arrier couples are not aware of their risk of having
child with the disease and will not request medical

are, because often there have been no previous cases
f affected children in their families [9]. As articulation
f demand is not to be expected from couples planning
pregnancy, there is a need for an infrastructure, in
hich carrier screening is actively offered. While in
revious decades and in clinical genetic settings the
ight not to know has always been stressed, the offer of
enetic screening is based on the right to know [10,11].
f we want to enable high risk couples to make informed
eproductive decisions, new health care facilities must
e created.

The aim of this study was to obtain more insight
nto the process of potential implementation of precon-
eptional CF and HbPs carrier screening. Therefore,

he following questions will be addressed: (1) What
re the constraining and enabling factors for this pro-
ess in the present (Dutch) health care system? (2)

hat sociotechnical conditions on micro-, meso- and

a
o
i
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acro-level have to be created for a successful imple-
entation?

. Methods

Firstly, we performed a sociotechnical analysis,
ased on a model of co-evolution between technology
nd society, in which we tried to identify constraining
nd enabling factors for the implementation of pre-
onceptional CF and HbPs carrier screening. Secondly,
e studied the implementation processes of two cases
f already existing health care programs with similar
spects to the screening program at issue. The first
rogram about the protective effect of folic acid in
he prevention of foetal neural tube defects, aims to
nform women planning a pregnancy, who form a sim-
lar preconceptional target population that is difficult
o reach and that currently lacks a health care infras-
ructure. The second program is cascade screening for
amilial hypercholesterolemia (FH) and, like precon-
eptional CF and HbP carrier screening, involves a
arge-scale application of DNA technology that did not
t into the existing clinical genetic setting, but rather
ollowed a public health approach. Important lessons
hat can be learnt from these programs will be formu-
ated en will lead to recommendations on the major
ssues and challenges relating to the implementation of
reconceptional CF and HbPs carrier screening.

. Sociotechnical analysis

.1. Implementation of preconceptional CF and
bPs carrier screening: a process of co-evolution

The introduction of new technologies in society may
e considered as a process of mutual shaping, in which
ew technological options are developing together with
he emergence of new expectations, new practices, new
kills and professions, changing supplier-user relation-
hips, changes in the regulatory framework, etc. Such
rocesses of mutual shaping have been described as
o-evolution [12–14].
A co-evolutionary approach will be used to make
detailed analysis of the potential implementation

f preconceptional CF and HbPs carrier screening
n the Netherlands, with a focus on different lev-
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(4) political and cultural acceptability [27,28]. In these
terms, the main issues to be resolved when considering
the implementation of preconceptional CF and HbPs
carrier screening are the following.
R. Achterbergh et al. / H

ls of sociotechnical development, including (1) a
icro-level of laboratories and clinics, serving as

ociotechnical ‘niches’ in which new technological
ptions can be developed; (2) a meso-level of extended
ractices in society, serving as sociotechnological
regimes’ in which technologies can be embedded; (3) a
acro-level of established institutions, infrastructure,

nd broadly shared values and beliefs, constituting a
ociotechnical ‘landscape’ which creates opportunities
r constraints for technological developments [14–16].
onsequently, it is possible to identify questions and
hallenges that have to be faced at each of these levels.

.1.1. Micro-level: sociotechnical niches
Laboratories and clinics can be considered as

iches which offer a relatively protected environment
or research and experimentation, and which provide
pportunities to investigate and to learn about the
otentials of promising technologies. Preconceptional
F and HbPs carrier screening has only been studied
t micro-level in most countries: a few pilot stud-
es have been carried out in Europe [17–21]. Except
or Italy (Sardinia), Greece, Turkey, Cyprus, and also
aiwan, where premarital screening programs have
een embedded in more extended health care practices
22–24].

.1.2. Meso-level: sociotechnical regimes
Learning about a new technology also involves

earning about its potential, effectiveness and accept-
bility in conditions outside the experimental setting.
hese conditions are formed by already established

echnologies, practices, suppliers, users, rules and val-
es, constituting specific regimes at the meso-level of
ociotechnical development [13,14]. When an exist-
ng sociotechnical regime offers the conditions that are
eeded for successful implementation, the introduction
nd societal embedding of a new technology can be
quite straightforward process. However, since pre-

onceptional health care settings are absent in most
uropean countries, the implementation of a precon-
eptional carrier screening programme will require
reat changes in the practices, routines and attitudes
n current reproductive health care.
.1.3. Macro-level: sociotechnical landscapes
Sociotechnical regimes will be embedded in a rel-

tively stable environment of institutions, material
F
r
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nfrastructure, and economic, social, political, legal,
ultural and demographic relationships. Thus, oppor-
unities for technological change and the evolution of
egimes will be determined by conditions at the macro-
evel of sociotechnical landscape. The high percentage
80–90%) of planned pregnancies in the Netherlands is
condition at landscape level which favours the imple-
entation of preconceptional carrier screening [25,26].
owever, in the absence of a public health authority for

eproductive health care in the Netherlands, it will be
ifficult to establish a new regime of preconceptional
ealth care that could facilitate the implementation of
preconceptional carrier screening program.

.1.4. Attunement between actors
Co-evolution could be regarded as a process of

earning, which takes place at different levels of
ociotechnical development, which involves both tech-
ology and society, and in which a variety of actors
ill be involved: scientists, physicians, patients, advi-

ory councils, and regulatory authorities. A prerequisite
or successful implementation of a new technologi-
al option will therefore be attunement between these
ctors with regard to various issues relating to the new
echnology (Fig. 1).

Important issues to be addressed in these processes
f learning and attunement are: (1) requirements to
e met by the new technology, (2) facilities and ser-
ices needed, (3) prospective users and demand, and
ig. 1. Network of actors involved in learning and attunement with
egard to preconceptional CF and HbPs carrier screening.
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.1.5. Attunement with regard to technological
ptions

How should the available technological options for
F and HbPs carrier screening be further developed
r adapted? There are some problems that need par-
icular attention. Firstly, the sensitivity of CF carrier
esting depends on the method of DNA analysis, the
elected gene mutation panel, and the persons’ ethnic-
ty [29–31]. The sensitivity of the HbPs test also varies
etween different ethnic groups and different HbPs
32]. Secondly, it is not easy to confirm a case of alpha-
halassemia, which shows the same blood test results as
naemia based on iron deficiency. Thirdly, genotype-
henotype correlations are impossible to predict, which
omplicates the process of informed decision-making
or carrier couples.

.1.6. Attunement with regard to facilities and
ervices

How should preconceptional CF and HbPs carrier
creening be offered and by whom? The involvement
f general practitioners and community health services
s one option, which only has been investigated for
F in a research setting in the Netherlands [33,34].
nother option might be incorporation in a broader
reconceptional health care setting, in which also other
reconceptional advice can be given. Such a setting
oes not yet exist in the Netherlands, although initia-
ives have been taken at niche level [35].

Furthermore, what kind of infrastructure or com-
lementary technologies, skills and facilities should
e available? The involvement of general practition-
rs assumes a level of genetic knowledge that may not
e provided for by their current professional educa-
ion [36]. Implementation will therefore require special
raining programs. In addition, laboratory capacity
hould be available for large-scale DNA analysis, a
ondition which, in the Netherlands, has only recently
een established.

.1.7. Attunement with regard to users and
emand

Who belongs to the target population for precon-
eptional CF and HbPs carrier screening, and what are

he prospective users’ needs and wishes? An important
eterminant of the risk of being a CF or a HbPs carrier is
thnicity. CF is common in people of European descent,
nd from the Middle Eastern and Mediterranean coun-

v
p
o
o
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ries. HbPs are common in South East Asia, Africa,
he Middle East and the Mediterranean countries. A
hoice must be made between targeted ancestry-based
creening and universal carrier screening.

Furthermore, how can we inform the target popu-
ation? An important issue in this respect is whether
reconceptional CF and HbPs carrier screening will be
population-based, offered to everyone of reproductive
ge, or individual based, offered to couples attending a
roader preconceptional health care service.

Finally, who will articulate a demand for preconcep-
ional CF and HbPs carrier screening? The prospective
sers are not to be expected to articulate demand,
ecause most healthy carriers are not aware of their risk
f having a child with CF or HbPs. In the Netherlands,
reconceptional care is advocated by the Dutch Genetic
lliance (VSOP), by clinical geneticists and other
ealth care professionals. Moreover, studies investi-
ating attitudes towards preconceptional CF carrier
creening show a clear interest among people in the
arget population [37,38].

.1.8. Attunement with regard to political and
ultural acceptability

Does preconceptional CF and HbPs carrier screen-
ng meet internationally formulated criteria for genetic
creening and is it consistent with important societal
alues? Henneman et al. concluded that preconcep-
ional CF carrier screening meets the general genetic
creening criteria [39], but did not take the uncertain-
ies of the test-sensitivity among various populations
nto account. When these criteria have been fulfilled,

ore specific criteria, especially concerning the con-
itions under which implementation can take place;
ill have to be investigated in pilot studies. Besides

omplying with criteria, there is also need for wider
rofessional and public debate about the implications
f CF and HbPs carrier screening for health care
nd society. On the one hand, worries exist about
he medicalisation of the preconception period, dis-
rimination of carriers, impairment of the freedom of
hoice, and the desirability of selective termination of
pregnancy after prenatal diagnosis [40,41]. On the

ther hand, there are also positive aspects, such as the

alue of informed choice for all couples planning a
regnancy, and the availability of more reproductive
ptions then prenatal diagnosis and selective abortion
nly.
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In summary, from a multi-level co-evolutionary
erspective, the major issues in the implementation
rocess of preconceptional carrier screening have been
dentified. These issues include questions about the
est characteristics, the organization of preconception
ealth care, the accessibility of the target population,
rticulation of demand, and questions about political
nd cultural acceptability.

.2. Lessons from existing health care programs
elevant for preconceptional carrier screening

.2.1. An example of preconceptional health care:
olic acid advice

Since the early 1990s, health authorities in several
ountries have advised women to increase their peri-
onceptional folic acid intake, from 4 weeks before
ntil 8 weeks after conception, because of the bene-
cial effects of folic acid in the prevention of foetal
eural tube defects [42–44]. In the following, the imple-
entation of this advice is discussed as an interesting

ttempt to realise a sociotechnical change focussing on
he same target population as for preconceptional car-
ier screening, namely women (or couples) planning a
regnancy.

To increase periconceptional folic acid intake, some
ountries have implemented the advice for folic acid
upplementation with tablets, and others have opted
or food fortification, or for a combination of both [45].
owever, in most countries both options were difficult

o implement because of the lack of an existing regime
n which they could easily be embedded. In the Nether-
ands, food fortification with folic acid was initially
refered [46], but prohibited under the Dutch legisla-
ion, resulting in folic acid supplementation with tablets
s the only option available. Consequently, it was left to
he individual choice of women planning a pregnancy
o increase their folic acid intake. In the Dutch context,
herefore, attunement with regard to periconceptional
olic acid supplementation has been shaped by three
mportant conditions at regime and landscape level:
bsence of a preconceptional health care setting, exis-
ence of legislation prohibiting food fortification, and

high percentage (80–90%) of planned pregnancies

25,26].

However, as the Dutch experience shows, women
lanning a pregnancy constitute a population that is dif-
cult to reach, rapidly changing, and generally unaware

h
c
fi
p
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f preconceptional risks and options for prevention.
nder these circumstances, the implementation of the

olic acid advice required sustained and structural
fforts to inform a constantly changing target group.
he Dutch government policy-making has been ad hoc

n this respect, perhaps also because certain groups
such as patient organizations and public health author-
ties) who might have expressed interest on behalf of
he target population did not actively do so. Only one

ass media campaign was organized in 1995 with lim-
ted effect. More recent initiatives to inform women
ho use contraceptives about the benefits of folic acid

upplementation when they are planning a pregnancy,
eem to be more effective [47].

More than 10 years after the first scientific publica-
ions, no significant improvement has been found in the
rends of total prevalence of neural tube defects across
urope. Only in those countries or areas in which the
overnment adopted the folic acid advice strategy at an
arly stage (England and Wales, Ireland, the Nether-
ands and Hungary), a slightly decreasing trend has
een reported [48,49]. Obviously, the implementation
f the folic acid advice has been less successful than
as hoped for. The most important lessons to be learnt

rom this preconceptional information strategy are the
ollowing:

The target group of women planning a pregnancy is
difficult to reach and rapidly changing.
Demand will not be articulated by the target group
because women are generally unaware of preconcep-
tional risks and options for prevention.
A more structural implementation of the folic acid
advice will require changes at regime and landscape
level, including the establishment of a preconcep-
tional health care setting and legislation permitting
food fortification.

.2.2. An example of large-scale application of
NA technology: screening for familial
ypercholesterolemia

Familial hypercholesterolemia (FH) is an autosomal
ominant disorder, in which a mutation in one of the
ow-density lipoprotein (LDL) receptor alleles causes a

igh cholesterol level, which may give rise to premature
ardiovascular mortality [50]. Maximum health bene-
t can be obtained if treatment is started as early as
ossible [51].
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In the Netherlands a FH cascade screening program
as established in 2003. After the identification of a FH
utation in an ‘index’ patient, family members who

re at a high risk of carrying the mutation (often 50%,
ometimes 25%), are invited for screening. The scope
f the Dutch program is unique and offers a success-
ul example of sociotechnical change at regime and
andscape level [5].

In the 1990s, a research group at the Academic
edical Center (AMC) in Amsterdam established
Foundation for the Detection of Inherited Hyper-

holesterolemia (StOEH) which developed a small
xperimental screening program and also laid the foun-
ation for the nationwide program that started in 2003.
oth the research setting and the experimental pro-
ram provided a niche in which attunement could be
chieved with regard to the technical options for FH
arrier screening. For the nationwide screening pro-
ram, it was decided that DNA analysis and cholesterol
oncentration measurements would be of complemen-
ary value [52].

Before the creation of a nation-wide program,
arious models for FH carrier screening have been
iscussed extensively. Should screening be offered to
he whole population, to everyone visiting a physi-
ian, to families at risk, or only to people with a
ardiovascular history? [5,10,53,54]. In this debate,
he StOEH model – a screening program focussing
n families at risk – was readily accepted as an
pproach which had proven its strengths [55]. On the
asis of this cascade approach, identification of the
arget group is straightforward, and it can be eas-
ly reached. However, the direct approach of cascade
creening has also been disputed in the Netherlands
ecause of its limited scope, and initiatives have been
aken to start a mass media campaign providing infor-

ation about the health risks of high cholesterol
evels.

In the 1990s, mutation analysis was dependent on
well-established regime of clinical genetic services

n the Netherlands, according to which only clinical
enetic laboratories were allowed to carry out DNA
iagnostic tests. However, these laboratories were not
dequately equipped to cope with the increasing num-

er of people to be screened. Therefore, the Ministry
ecided that from 2001 onwards other clinical laborato-
ies might also be licensed to carry out DNA diagnostic
ests. This resulted in the initiation of FH screening

f

-

licy 83 (2007) 277–286

n the vascular medicine laboratory at the AMC in
msterdam, which had ample facilities for large-scale
etection of mutations in the LDL gene.

Thus, a new (screening) infrastructure was created,
ndependent from the existing clinical genetics regime,
hich made large-scale DNA testing available for the

housands of participants in the FH screening program.
The successful implementation of this program also

ighly depended on general practitioners and med-
cal specialists who had to identify the FH (index)
atients and on genetic fieldworkers, trained and
ducated by the StOEH, who were responsible for
he contacts with family members and the collec-
ion of blood samples. At the political level, the
ational Health Care Insurance Board was given spe-

ial responsibilities for national coordination, which
as considered to be a vital requirement for the ade-
uate organization and monitoring of the screening
rogram.

In other words, whereas the implementation of
he folic acid advice in the Netherlands was mainly
estricted by existing sociotechnical conditions, the
ntroduction of FH screening resulted in a change in
onditions at both regime and landscape level. A num-
er of factors may have been important in bringing
bout this change. Firstly, there was a strong articula-
ion of demand for FH screening, thanks to the efforts
f a Dutch patient organization (Stichting Bloedlink)
hich has been very active in putting FH on the sci-

ntific and political agenda. Secondly, wider interest
n FH screening has been raised by the experimental
rogram organized by the StOEH in close collabo-
ation with various stakeholders and with financial
upport from a pharmaceutical firm and the govern-
ent. In response to these activities, in 2001 the Dutch
inister of Health, Welfare and Sport explicitly sup-

orted the aim to identify all FH patients by 2010
52,55]. And thirdly, the Dutch government also played
n important role with regard to the problems that
H patients were experiencing in obtaining life insur-
nce, by putting pressure on the relevant parties to
ome to an agreement [56]. In conclusion, the most
mportant lessons to be learnt from the implemen-
ation of FH screening in the Netherlands are the

ollowing:

Articulation of demand has been clear-cut as a result
of collaboration between an active patient organi-
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zation and the various parties involved in clinical
research.
An experimental program, combining research with
pilot screening, served as an important niche, in
which various stakeholders were involved in the pro-
cesses of learning and attunement with regard to the
design, organization, demand for and acceptability
of a nationwide screening program.
Large-scale implementation of DNA carrier screen-

ing required a change of regime, allowing DNA
diagnostic tests to be provided independent of exist-
ing clinical genetic services.

c
N
c

able 1
sociotechnical analysis of the relation of two existing health care program

ttunement with
regard to:

Existing health care programs

Folic acid FH c

echnological options Yes: Yes:
- Food fortification
- Supplements by tablets

Tech
the r

acilities and services Insufficient: Yes:
Structural information is
lacking

- StO
- Sp
field
regi

emand No: Yes:
Target group is unaware - Blo

olitical and cultural
acceptability

Limited:
- Food fortification was not
allowed in the Netherlands
- Target group is reached
insufficiently

Yes:
No d
insu
com
the g
attun

bbreviations: FH, familial hypercholesterolemia; CF, cystic fibrosis; HbPs
a Foundation for The Detection of Inherited Hypercholesterolemia.
b Dutch patient organisation for FH.
c Henneman et al. [37].
d Poppelaars et al. [38].
licy 83 (2007) 277–286 283

The Dutch government played an important role in
orchestrating the processes of attunement between
the various actors involved.

. Discussion

The aim of this paper was to obtain more insight
onceptional CF and HbPs carrier screening in the
etherlands. Table 1 gives an overview of various pro-

esses of attunement, in which lessons learnt from two

s to preconceptional CF and HbPs carrier screening

Preconceptional CF and HbPs
carrier screening

ascade screening

No:
nology allowed outside
egime of clinical genetics

Insufficient knowledge about:
- Test sensitivity for CF
- Detection methods for HbP
variants

No:
EHa

ecifically trained genetic
workers outside the

me of clinical genetics

- Unclear at this moment who
should offer and perform the
screening, because there is no
preconceptional health care
setting
- Deficient genetic knowledge
among health care professionals

No:
edlinkb Target group is unaware

No articulation from
government or public health
organisation

iscrimination in
rance: insurance
panies were pressured by
overnment to achieve
ement

Yes, probably:
Cultural acceptability among
people in the target group in a
pilot study for CF carrier
screeningc,d

, haemoglobinopathies, e.g. sickle cell disorders and thalassemia.
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lready existing health care programs are related to
reconceptional carrier screening.

Besides the advantages of the comparison with these
xisting programs, limitations should also be men-
ioned here. Firstly, in the folic acid advice, only
omen had to be reached, instead of couples plan-
ing a pregnancy. Furthermore, following the advice
o take folic acid tablets for prevention of neural tube
efects, gives the participating women more control
han finding out to be a carrier couple with only diffi-
ult reproductive decisions available. Secondly, since
H cascade screening program also involves a large-
cale application of DNA technology, the history of
ts implementation is clearly relevant for the pro-
ram at issue. However, FH screening results in the
dentification of persons being at risk for a disorder
hemselves, as FH is an autosomal dominant disorder,
hereas carrier screening identifies healthy couples
ith an increased risk of having a child with CF or
bPs. This fact might be one of the explanations for

he successful implementation of the FH screening
rogram.

. Conclusion

.1. What are the constraining and enabling
actors for the implementation of preconceptional
F and HbPs carrier screening in the present

Dutch) health care system?

First of all, the lessons learnt from the implemen-
ation of the folic acid advice have made it clear that
eaching couples planning a pregnancy is a major chal-
enge. Demand will not be articulated by a target
roup unaware of options for prevention, and gen-
ral information campaigns will only have a limited
ffect in raising awareness about options for carrier
creening. Another constraining factor is the current
imited sensitivity of CF carrier screening in various
thnic populations. On the other hand, the high per-
entage of planned pregnancies in the Netherlands
avours the implementation of preconceptional carrier
creening. Moreover, as a result of the implementa-

ion of nation-wide FH screening in the Netherlands,
he national coordination of screening initiatives in
he Netherlands has been strengthened and an infras-
ructure has been created which will also facilitate
licy 83 (2007) 277–286

arge-scale DNA testing for the purpose of preconcep-
ional carrier screening.

.2. What sociotechnical conditions on micro-,
eso- and macro-level have to be created for a

uccessful implementation of preconceptional
arrier screening?

As became clear from the Dutch experience with FH
creening, experimental programs, in which research
s combined with pilot screening, may serve as an
mportant niche in which professionals, patient orga-
izations and other stakeholders can be involved in
rocesses of learning and attunement with regard to
he design, organization, demand for and acceptabil-
ty of nation-wide preconceptional CF and HbP carrier
creening. However, successful implementation will
lso depend on changes at both regime and landscape
evel, including the establishment of a new preconcep-
ional health care setting. An important lesson that was
earnt from the experiences with FH screening is that
uch regime changes will be difficult to achieve without
n active orchestrating role of the government, espe-
ially when there is no articulation of demand from
rospective users. In terms of the sociotechnical analy-
is, the government might act as the initiator of societal
xperiments, involving various relevant stakeholders in
he processes of learning and attunement being neces-
ary for a successful implementation. Evidently, as an
mportant condition at landscape level, there is need for
clearly visible public health authority which can take

he responsibility for the coordination, monitoring and
valuation of such initiatives in the domain of public
ealth care.
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