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Availability of data for cost-effectiveness
comparison of child vision and hearing
screening programmes

Jan Kik1 , Eveline A.M. Heijnsdijk2, Allison R. Mackey3, Gwen Carr4,
Anna M Horwood5, Maria Fronius6, Jill Carlton7 , Helen J Griffiths7,
Inger M Uhlén3, Huibert Jan Simonsz1 and Country-Committees
Joint-Partnership of the EUSCREEN Study Consortium

Abstract
Objective: For cost-effectiveness comparison of child vision and hearing screening programmes, methods and data should be

available. We assessed the current state of data collection and its availability in Europe.

Methods: The EUSCREEN Questionnaire, conducted in 2017–2018, assessed paediatric vision and hearing screening pro-

grammes in 45 countries in Europe. For the current study, its items on data collection, monitoring and evaluation, and six of

eleven items essential for cost-effectiveness analysis: prevalence, sensitivity, specificity, coverage, attendance and loss to fol-

low-up, were reappraised with an additional questionnaire.

Results: The practice of data collection in vision screening was reported in 36% (N= 42) of countries and in hearing screening

in 81% (N= 43); collected data were published in 12% and 35%, respectively. Procedures for quality assurance in vision screening

were reported in 19% and in hearing screening in 26%, research of screening effectiveness in 43% and 47%, whereas cost-effect-

iveness analysis was performed in 12% for both. Data on prevalence of amblyopia were reported in 40% and of hearing loss in

77%, on sensitivity of screening tests in 17% and 14%, on their specificity in 19% and 21%, on coverage of screening in 40% and

84%, on attendance in 21% and 37%, and on loss to follow-up in 12% and 40%, respectively.

Conclusions: Data collection is insufficient in hearing screening and even more so in vision screening: data essential for cost-

effectiveness comparison could not be reported from most countries. When collection takes place, this is mostly at a local level

for quality assurance or accountability, and data are often not accessible. The resulting inability to compare cost-effectiveness

among screening programmes perpetuates their diversity and inefficiency.
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Introduction
How should the cost-effectiveness of vision and hearing
screening programmes be compared? When the methods and
data of paediatric vision and hearing screening programmes
are known in detail, and software is available to calculate
their cost-effectiveness, it should be possible to compare the
cost-effectiveness of screening programmes. This was the
premise of the EUSCREEN Study (https://www.euscreen.
org). At the end of the EUSCREEN Study, the EUSCREEN
Cost-Effectiveness Model (https://miscan.euscreen.org) was
made available in the public domain to calculate the cost-
effectiveness of screening programmes and compare the cost-
effectiveness of screening programmes across borders.1 Users
can enter a variety of variables in the model, such as screening
test, screening age, screening frequency, location, screening
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professional etcetera, to calculate the cost-effectiveness of a
vision or hearing screening programme.

To collect data on these variables from all countries in
Europe, the EUSCREEN Questionnaire was conducted in
2017–2018. Representatives of 45 European countries (includ-
ing Israel and Turkey) provided data on demography, existing
screening programmes, coverage and attendance, screening
tests used, follow-up, diagnosis, treatment, benefit and
adverse effect of screening.

The questionnaire consisted of three parts concerning vision
screening (126 questions), hearing screening (191 questions)
and general screening (82 questions). The questions had been
formulated by a focus group consisting of ophthalmologists,
orthoptists, otolaryngologists, audiologists and public health
experts specialised in cost-effectiveness analysis.

In almost all countries in Europe, three Country
Representatives (CRs) had been recruited: one for vision, one
for hearing and one for general screening, each to answer their
own part of the questionnaire. The EUSCREEN Questionnaire
and its results have been described in detail by Mackey et al.,2

Bussé et al.3 and Carlton et al.4

The EUSCREEN Questionnaire accurately mapped the
large differences between vision and hearing screening pro-
grammes in Europe. However, when we attempted to put the
EUSCREEN Cost-Effectiveness Model to use in 2020,1 we
found that input data essential for cost-effectiveness analysis,
on prevalence, sensitivity, specificity, coverage, attendance
and loss to follow-up, were insufficiently available to be able
to perform model simulations in most countries.

For the Cost-Effectiveness Model to run, data are needed on
more variables than the variables that have been defined as
quality indicators. For newborn hearing screening, the
American Academy of Paediatrics Joint Committee on Infant
Hearing defined coverage, referral rate and follow-up rate as
essential quality indicators.5 In vision screening, the prevalence
of persistent amblyopia at age seven (amblyopia not detected,
insufficiently treated or not responsive to treatment) is some-
times used as an overall quality indicator to describe how
effective a national vision screening programme and subse-
quent treatment are.6 However, this is not an indicator that
has been formally defined as such by an organisation like the
American Academy of Paediatrics.

For comparative cost-effectiveness analysis, data are needed
on prevalence, sensitivity, specificity, coverage, attendance and
loss to follow-up. In the present study, we assessed the state of
data collection, monitoring and quality control in vision and
hearing screening. We determined to what extent data essential
for cost-effectiveness analysis were available in all countries in
Europe.

Methods
First, in the EUSCREEN Questionnaire data set, we reap-
praised the items pertaining to data collection, monitoring
and quality control, and those pertaining to variables essen-
tial for cost-effectiveness analysis (the relevant questions in
the EUSCREEN Questionnaire can be found in Supplemental
file 1).

For the additional questionnaire, circulated in September
2021, all vision and hearing screening CRs who had completed
the EUSCREEN Questionnaire in 2017–2018 were asked to
review their answers to items concerning monitoring and data
collection; checking, for instance, whether new data had
become available. To this end, they were asked to answer or
update twelve questions, a repeat of the relevant questions in
the EUSCREEN Questionnaire. In addition, they were given
the option to state that screening was not yet implemented in
their country to an extent that monitoring was opportune and,
if it was the case that monitoring was not opportune, whether
they could estimate the coverage of screening in their
country. They were also asked, in the case that data were col-
lected in their country, whether these were published. The
questions can be found in Supplemental file 1.

The items in the reappraisal and in the additional question-
naire about the processes of data collection dealt with the col-
lection of information on screening, quality assurance, research
on screening programmes, cost-effectiveness analysis of coun-
tries’ screening programmes and revisions of screening
programmes.

Figure 1. When the EUSCREEN cost-effectiveness model was

developed in 2019–2020, the variables that were essential for

cost-effectiveness analysis of vision and hearing screening

programmes were identified by sensitivity analysis. The arrows

indicate which variables affect each other. A brief explanation of these

variables can be found in Supplemental file 2.
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The answers to the additional questionnaire were checked and
verified in the same way as the answers to the EUSCREEN
Questionnaire, following the procedure as described by Carlton
et al.4 and Bussé et al.2 The answers were checked based on the
additional information provided by the CRs and by consulting
independent sources such as publicly accessible databases and
published papers and reports. In cases where answers could not
be independently verified but the CRs provided an acceptable
reason for this, for example that they retrieved the data from a data-
base that was not publicly accessible or from unpublished
research, the answers were also accepted. Finally, the answers
were checked for consistency with the answers in the
EUSCREEN Questionnaire.

When the EUSCREEN Cost-Effectiveness Model was
developed in 2019–2020, the variables that were essential for
cost-effectiveness analysis of vision and hearing screening pro-
grammes were identified by sensitivity analysis.7 These were
prevalence, age at screening, test used, test threshold, sensitiv-
ity, specificity, coverage, attendance, loss to follow-up, profes-
sional and costs. These variables often depended upon each
other, as illustrated in Figure 1.

Five of these eleven variables essential for cost-effectiveness
analysis need not be collected during screening: age at screening,
test used, test threshold, professional and costs. The first four of
these variables are determined in the screening protocol while
costs can be calculated with relative ease.

The items that were assessed in the reappraisal and in the add-
itional questionnaire were those pertaining to the variables:
prevalence, sensitivity, specificity, coverage, attendance and
loss to follow-up. We do not report on the content of these
items, such as the reported prevalence of amblyopia or coverage
of hearing screening, but on whether these variables were known
and available. It should be noted that prevalence and sensitivity
cannot be obtained by solely collecting data within the screening
programme itself, but require large prospective cohort studies
(more detailed information on this subject can be found in
Supplemental file 2).

Included were countries with a EUSCREEN CR who had
answered the EUSCREEN Questionnaire in 2017–2018.
Excluded were countries whose CRs answered insufficient
questions to enable drafting of a Country Report in 2018–
2019 and countries whose CRs did not verify the Country
Report that was drafted based on their answers. For this
study, the assessment was limited to countries in Europe,
because almost all countries in Europe participated whereas
only four countries outside Europe participated.

We restricted our assessment to vision screening by measure-
ment of visual acuity in childhood and to neonatal hearing screen-
ing of well babies, because the effectiveness of these screening
examinations has been established.8–10 We assessed the collected
quantitative data through descriptive statistics. Percentage
responses were calculated for all items. The collected qualitative
data were categorised and subsequently similarly assessed.

Results
In the EUSCREEN Questionnaire, the questions on data collec-
tion and monitoring had been completed by 56 CRs for 42

countries or regions for vision screening and 47 CRs for 43
countries or regions for hearing screening (Supplemental file
3), in Europe, and Israel and Turkey.

For vision screening in the United Kingdom, data were pro-
vided separately by England, Northern Ireland, Scotland and
Wales. For hearing screening, only England provided data.
The Russian Federation only provided data for hearing screen-
ing. Data from Portugal for vision screening were not included
because the drafted Country Report was not verified by the CR.
Data from Norway for hearing screening were not included
because not enough information was provided to enable draft-
ing of a Country Report.

For 3 countries, vision screening was reported for a large
region instead of the entire country. For 13 countries, hearing
screening was reported for one or two large regions instead of
the entire country: Belgium and Spain both provided data separ-
ately for two regions. Note that the EUSCREEN Questionnaire
preferred detailed data for a large region over incomplete data for
an entire country. CRs from two countries reported that hearing
screening was performed in some regions but not in others.

For vision screening, 43 CRs answered the additional ques-
tionnaire for 35 countries and for hearing screening, 37 CRs
for 35 countries. This means that 78% of CRs reviewed and, if
applicable, updated their answers. For the remaining countries
we checked for possible updates ourselves by re-checking the
sources provided in 2017–2018. Small discrepancies between
the data presented here and previously published EUSCREEN
Questionnaire data4,5 are explained by the updated information
in the data presented here.

CRs reported that in their country screening was not prac-
tised on a large enough scale for monitoring to be opportune
in 14% of vision (N= 42) and 19% of hearing (N= 43) screen-
ing programmes. For three vision screening programmes,
coverage was estimated at around 10% or lower. In two
hearing screening programmes screening was only performed
in private hospitals and in one programme only infants admit-
ted to neonatal intensive care were screened.

Of vision screening programmes, 36% reportedly collected
data and of hearing screening programmes, 81% (Figure 2). Of
vision screening programmes, 12% published collected data
and of hearing screening programmes, 35%.

In 3 out of 5 countries where collected vision screening data
were published, these were available online (data for 2010–
2020). In 13 out of 15 countries where collected hearing
screening data were published, these were available online
(data for 2009–2020).

Most published data were not based on structural monitoring
embedded in the programme, but on incidental studies that were
often also geographically limited to a city or area, usually with
the purpose of assessing the effectiveness of the screening pro-
gramme. The comprehensiveness of the data in these studies
varied. Some studies published only basic data, for example the
number of screenings performed, while others included more
data, for example the number of positively screened children.

Few countries, and only for hearing screening, collect
screening data in a centralised national database and publish
screening results: England, Luxembourg, Poland and the
Netherlands. In England, screening Key Perfomance Indicators
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are published quarterly, but these are limited to coverage and
follow-up.11 Data are also published on other forms of antenatal
and newborn screening, but not on vision screening. In
Luxembourg, data are published yearly.12 In Poland, results are
not published regularly. The most recent published results were
from 2016.13 Only the newborn hearing screening programme in
the Netherlands is monitored continuously and publishes compre-
hensive yearly reports on its results.14

Sixty-one CRs (21 vision CRs and 40 hearing CRs) added
additional comments on quality assurance and data collection
in their countries or regions. Several mentioned that data
were recorded at a local or regional level (three vision and
nine hearing CRs) and/or that recorded data were only used
for auditing, quality assurance and/or accountability (seven
vision and six hearing CRs). These data were not collected
on a national level, or were collected incompletely or were
unavailable or inaccessible. A few commented that data collec-
tion only took place voluntarily (two vision and one hearing
CR). Examples of comments by CRs can be found in Box 1.

Quality assurance procedures were reported by 19% of
vision screening CRs and 28% of hearing screening CRs. In
some cases, they specified how quality assurance was carried
out. Four vision and four hearing CRs mentioned that data
on the screening results played a role in quality assurance.
Three vision and three hearing CRs mentioned an audit or
assessment procedure being part of quality assurance. When
evaluations of programmes were carried out, these often were
not based on screening data, but research projects based on
surveys among medical staff and parents.

Box 1. Specific remarks from CRs on data collection.

Hearing screening CRs
“Data collection is performed on a local or regional level”

“Information is not continuously collected about screening

outcomes”

“Data are not collected on outcome measures such as coverage or

referral rates, due to lack of manpower”

“Data may be collected locally by hospitals”

“In some hospitals, outcomes of hearing screening are collected in

local databases”

“Follow-up data are not routinely collected, national surveys of age

of diagnosis and entry to rehabilitation are performed”

“Data are collected through auditing. However, these data contain

only screening results; follow-up results are not collected”

“Data are only collected on a local or regional level voluntarily”

“Issues with maternity centres delivering data on individual

children”

“Any data collection is only performed on a local level”

Vision screening CRs
“Only voluntary studies of health care professionals. No

government monitoring”

“The outcomes of vision screening are entered into the database.

These data are audited to some degree by the orthoptists leading

the service”

“Quality assurance dictated by service agreements of the local

authority”

The content and revision of vision and hearing screening
programmes were in most cases determined by either a
Ministry of Health (48% vision, 30% hearing), a body of

Figure 2. Data collection, monitoring and cost-effectiveness analysis in (left) vision and (right) hearing screening programmes (in N= 42 and

N= 43 European countries respectively). A detailed overview per country can be found in Supplemental Table 1a and 1b respectively in

Supplemental file 4.
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experts (29% vision, 44% hearing) or a public health institute
(17% vision, 14% hearing). Bodies of experts could be formal
associations or representative bodies of healthcare profes-
sionals, but also committees of experts gathered ad hoc for
the specific purpose of determining the content of a screening
programme.

Most screening programmes were revised over time. Some
were revised at regular intervals (36% vision, 28% hearing).
Four CRs mentioned that data or research played a role in
the revision process, but in most cases the revisions were
reportedly based solely on expert opinion.

Twelve percent of both vision and of hearing screening CRs
reported cost-effectiveness analysis of the screening pro-
gramme. Of vision screening CRs, five out of five who reported
cost-effectiveness analysis provided a published example (pub-
lished between 2003 and 2021). Of hearing screening CRs,
four out of five who reported cost-effectiveness analysis pro-
vided a published example (between 2007 and 2012).

Studies on the effectiveness of paediatric screening pro-
grammes were reported by 43% of vision screening CRs and
47% of hearing screening CRs. A published example was pro-
vided by 14 out of 18 vision screening CRs who reported effect-
iveness research (published between 1996 and 2021). Of 20
hearing screening CRs who reported effectiveness research, 19
provided a published example (between 2004 and 2021).

We assessed which countries provided data on prevalence,
sensitivity and specificity, coverage, attendance and loss
to follow-up (Figure 3). When providing data, CRs could
choose between providing actual data (for example from a pub-
lished study or a programme database) and providing estimated
data (for example a CR’s personal impression, based on
experience).

Of 17 vision screening CRs who reported prevalence of
amblyopia, 14 provided a published source: 10 prospective
and 4 retrospective cohort studies. There was a large variety
in cohort size and in the ages of the children included in the
cohorts. Studies used different definitions of amblyopia and
different tests and thresholds.

Of 33 hearing screening CRs who reported prevalence of
congenital hearing loss, 15 provided a published source. In
five cases, these were reports based on continuous monitoring
of a programme. The others were five prospective and five
retrospective cohort studies. As with vision screening, the
cohorts varied in size, and studies used different definitions
of hearing loss and different tests and thresholds.

CRs who did not provide published sources for reported
data, mentioned sources like “clinical data”, “hospital
records”, “local database” or “internal reports”. It is not
possible to assess the quality of the reported data in these
cases.

Only five countries for vision screening and six for hearing
screening reported data, either actual or estimated, for all six
variables: prevalence, sensitivity, specificity, coverage, attend-
ance and loss to follow-up (Table 1). Twenty-nine countries for
vision screening and nineteen for hearing screening reported
data for three or fewer variables, either actual or estimated.
For vision screening, the mode was two variables (10 out of
42 countries) and for hearing screening, the mode was five

variables (11 out of 43 countries). Three countries reported
no data at all for vision screening and two for hearing
screening.

Few CRs, either for vision or hearing, reported data for sen-
sitivity and specificity. Data on coverage were reported by 40%
of vision CRs and 84% of hearing CRs, and data on loss to
follow-up by 12% of vision CRs and 40% of hearing CRs.

Discussion
We found that data essential for cost-effectiveness analysis
were insufficiently collected in paediatric vision and hearing
screening programmes. Data were either recorded but not avail-
able, recorded incompletely or not recorded at all. When data
were reported, these were often incomparable because of differ-
ences in definitions, tests and thresholds. Periodical, public
reporting of the results of screening programmes was rare.

Data were collected more often in hearing screening pro-
grammes than in vision screening programmes. This may have
to do with the fact that the prevalence of congenital hearing
loss is much lower than that of amblyopia, and costs and benefits
of treatment of hearing loss are much higher. Also, newborn
hearing screening is most often performed shortly after birth in
maternity hospitals, resulting in high coverage and relatively
easy recording of screening data in hospital records.

We found that most data collection takes place at a local or
regional level and rarely at a national level. This may be explained
by the purposes of data collection. Data are often collected for
quality assurance, for example to keep track of children lost to
follow-up.15,16 Committees, guidelines and studies that advocate
data collection, also do so for the purpose of quality assur-
ance.3,17,18 Data may also be collected for the purpose of account-
ability to commissioners of screening programmes or other
stakeholders. For these purposes, local or regional data collection
suffices and for this purpose it is not necessary for the data to be
publicly available. However, for comparison of cost-effectiveness
of screening programmes across borders, data should be collected
nationally, uniformly and digitally, and data should comprise all
variables essential for cost-effectiveness analysis.

Lack of data collection in child vision screening pro-
grammes was already reported by Stewart-Brown et al. in
198819 and is also found in other forms of paediatric screening.
A review of congenital heart disease screening reports in
California found that over one-third of hospitals did not
submit data – in spite of reporting being mandatory – and
only 46% of reporting hospitals submitted data with matching
numbers of completed screens and results.20 A study of com-
pleteness and correctness of growth charts in Ghana found
that more than two-thirds were not filled out completely and
26% were not filled out correctly.21 A study of vaccination
coverage measurement in 194 World Health Organisation
member states found many inconsistencies in data quality, con-
cerning completeness of reporting and implausible values.22 A
study on newborn screening for multiple disorders in 34 states
in the United States found that only 56% of programmes col-
lected data on long-term follow-up and only a minority of
these did so digitally.23 Data collection in paediatric screening
in Germany was found to be insufficient to draw conclusions
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about the prevalence of target conditions or to properly evalu-
ate the programme.24

It is also important to include data collection in the planning of a
screeningprogramme from the outset, including the costs involved
in data collection and ensuring that the necessary funding is avail-
able. For example,while progress has beenmade in data collection
in newborn hearing screening in theUnited States, limited funding
is a barrier for many states to fully implement an integrated digital
data system that is accessible to providers.25

Digital data collection in screening is efficient, minimises
administrative workload and improves data quality.26,27 This
is important, because significant reasons for poor data quality
are staff competence issues and a perception of documentation
as unnecessary,28–31 as well as a lack of a suitable data collec-
tion system.32,33

Newborn hearing screening in the Netherlands is monitored
continuously and publishes comprehensive yearly reports on its
results. This is facilitated by the fact that the entire documenta-
tion process in the programme is centralised and digital: results
are uploaded straight from the screening devices to a national
database, and results of diagnostic examinations and interven-
tions are entered in this database as well.

The European Union called on member states to prioritise
screening and follow-up for vision and hearing disorders in
children.34 Commissioners of screening programmes should
require that programmes collect data on all variables necessary

for cost-effectiveness analysis, and do so nationally, uniformly
and digitally. This should be stimulated by overarching bodies
such as the European Union, governments and international
professional bodies.
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Table 1. Numbers of variables (data on prevalence, sensitivity,

specificity, coverage, attendance and loss to follow-up) for which

countries reported data (either actual or estimated).

Vision screening Hearing screening

6/6 variables 5 6

5/6 variables 3 11

4/6 variables 5 7

3/6 variables 7 9

2/6 variables 10 7

1/6 variables 9 1

0/6 variables 3 2

6 Journal of Medical Screening 0(0)

https://journals.sagepub.com/doi/suppl/10.1177/09691413221126677
https://journals.sagepub.com/doi/suppl/10.1177/09691413221126677


ORCID iDs

Jan Kik https://orcid.org/0000-0002-4811-8038
Jill Carlton https://orcid.org/0000-0002-9373-7663
Huibert Jan Simonsz https://orcid.org/0000-0001-5899-6654

Supplemental material

Supplemental material for this article is available online.

References

1. Verkleij ML, Heijnsdijk EAM, Bussé AML, et al. Cost-Effectiveness of neonatal
hearing screening programs: a micro-simulation modeling analysis. Ear Hear 2021;
42: 909–916.

2. Mackey AR, Bussé AML, Hoeve HLJ, et al. Assessment of hearing screening pro-
grammes across 47 countries or regions II: coverage, referral, follow-up and detection
rates from newborn hearing screening. Int J Audiol 2021; 60: 831–840.

3. Bussé AML, Mackey AR, Hoeve HLJ, et al. Assessment of hearing screening pro-
grammes across 47 countries or regions I: provision of newborn hearing screening.
Int J Audiol 2021; 60: 821–830.

4. Carlton J, Griffiths HJ, Mazzone P, et al. A comprehensive overview of vision screen-
ing programmes across 46 countries. Br Ir Orthopt J 2022; 18: 27–47.

5. American Academy of Pediatrics, Joint Committee on Infant Hearing. Year 2007 pos-
ition statement: principles and guidelines for early hearing detection and intervention
programs. Pediatrics 2007; 120: 898–921.

6. Groenewoud JH, Tjiam AM, Lantau V, et al. Rotterdam AMblyopia screening effect-
iveness study: detection and causes of amblyopia in a large birth cohort. Investig
Ophthalmol Vis Sci 2010; 51: 3476–3484.

7. Heijnsdijk EAM, Verkleij ML, Carlton J, et al. The cost-effectiveness of different
visual acuity screening strategies in three European countries: a microsimulation
study. Prev Med Rep 2022; 28: 101868.

8. Høeg TB,Moldow B, Ellervik C, et al. Danish rural eye study: the association of preschool
vision screening with the prevalence of amblyopia. Acta Ophthalmol 2015; 93: 322–329.

9. Neumann K, Gross M, Bottcher P, et al. Effectiveness and efficiency of a universal
newborn hearing screening in Germany. Folia Phoniatr Logop 2006; 58: 440–455.

10. Bamford J, Fortnum H, Bristow K, et al. Current practice, accuracy, effectiveness and cost-
effectiveness of the school entry hearing screen.Health Technol Assess 2007; 11: 1–168. iii-iv.

11. Antenatal and newborn screening KPI data: Q1 summary factsheets. https://www.gov.
uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/
antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-
screening (2022, accessed 8 August 2022).

12. Ministère de la Santé. Rapport d’Activité 2020. https://sante.public.lu/fr/publications/
r/rapport-activite-ministere-sante-2020.html (2021, accessed 15 August 2022).

13. Zych M, Greczka G, Dąbrowski P, et al. The report of the Polish universal neonatal
hearing screening program in 2016. Otolaryngol Pol 2018; 72: 1–4.

14. Van der Ploeg K, Wins S and Verkerk P. Neonatale gehoorscreening door de jeugd-

gezondheidszorg: Monitor over 2019. Leiden: TNO, 2020.
15. Neumann K, Chadha S, Tavartkiladze G, et al. Newborn and infant hearing screening

facing globally growing numbers of people suffering from disabling hearing loss. Int
J Neonatal Screen 2019; 5: 7.

16. Brockow I, Söhl K and Nennstiel U. Newborn hearing screening in Bavaria-is it pos-
sible to reach the quality parameters? Int J Neonatal Screen 2018; 4: 26.

17. Watkin PM. Controlling the quality of universal neonatal hearing screens. Public
Health 1999; 113: 171–176.

18. Yoong SY and Spencer NJ. A data collection system to audit post-newborn hearing
surveillance programme: problems and possibilities. Child Care Health Dev 2008;
34: 648–656.

19. Stewart-Brown SL, Haslum MN and Howlett B. Preschool vision screening: a service
in need of rationalisation. Arch Dis Child 1988; 63: 356–359.

20. Siefkes H, Kair LR, Saarinen A, et al. Inadequacies of hospital-level critical congeni-
tal heart disease screening data reports: implications for research and quality efforts. J
Perinatol 2021; 41: 1611–1620.

21. Sulley I, Abizari AR, Ali Z, et al. Growth monitoring and promotion practices among
health workers may be suboptimal despite high knowledge scores. BMC Health Serv

Res 2019; 19: 267.
22. Stashko LA, Gacic-Dobo M, Dumolard LB, et al. Assessing the quality and accuracy

of national immunization program reported target population estimates from 2000 to
2016. PLoS ONE 2019; 14: e0216933.

23. Hoff T, Ayoob M and Therrell BL. Long-term follow-up data collection and use
in state newborn screening programs. Arch Pediatr Adolesc Med 2007; 161: 994–
1000.

24. Weithase A, Vogel M, Kiep H, et al. Qualität und Inanspruchnahme von
Kindervorsorgeuntersuchungen in Deutschland. Dtsch Med Wochenschr 2017; 142:
e42–e50.

25. Uhler K, Thomson V, Cyr N, et al. State and territory EHDI databases: what we do
and don’t know about the hearing or audiological data from identified children. Am
J Audiol 2014; 23: 34–43.

26. Heidebrecht CL, Kwong JC, Finkelstein M, et al. Electronic immunization data col-
lection systems: application of an evaluation framework. BMCMed Inform Decis Mak

2014; 14: 5.
27. Finitzo T and Grosse S. Quality monitoring for early hearing detection and interven-

tion programs to optimize performance. Ment Retard Dev Disabil Res Rev 2003; 9:
73–78.

28. Sanchez-Gomez MC, Dundon K and Deng X. Evaluating data quality of newborn
hearing screening. J Early Hear Detect Interv 2019; 4: 26–32.

29. Omoleke SA and Tadesse MG. A pilot study of routine immunization data quality in
Bunza local government area: causes and possible remedies. Pan Afr Med J 2017; 27:
239.

30. Olivares Bøgeskov B and Grimshaw-Aagaard SLS. Essential task or meaningless
burden? Nurses’ perceptions of the value of documentation. Nord J Nurs Res 2019;
39: 9–19.

31. Cooper AL, Brown JA, Eccles SP, et al. Is nursing and midwifery clinical documen-
tation a burden? An empirical study of perception versus reality. J Clin Nurs 2021; 30:
1645–1652.

32. Turchetta R, Conti G, Marsella P, et al. Universal newborn hearing screening in the
Lazio region, Italy. Ital J Pediatr 2018; 44: 104.

33. Bosch-Capblanch X, Ronveaux O, Doyle V, et al. Accuracy and quality of immuniza-
tion information systems in forty-one low income countries. Trop Med Int Health

2009; 14: 2–10.
34. Council of the European Union. Council conclusions on early detection and treatment

of communication disorders in children, including the use of e-Health tools and
innovative solutions. https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/
en/lsa/126523.pdf (2011, accessed 29 August 2022).

Kik et al. 7

https://orcid.org/0000-0002-4811-8038
https://orcid.org/0000-0002-4811-8038
https://orcid.org/0000-0002-9373-7663
https://orcid.org/0000-0002-9373-7663
https://orcid.org/0000-0001-5899-6654
https://orcid.org/0000-0001-5899-6654
https://www.gov.uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-screening
https://www.gov.uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-screening
https://www.gov.uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-screening
https://www.gov.uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-screening
https://www.gov.uk/government/publications/nhs-screening-programmes-kpi-reports-2021-to-2022/antenatal-and-newborn-screening-kpi-data-q1-summary-factsheets#newborn-hearing-screening
https://sante.public.lu/fr/publications/r/rapport-activite-ministere-sante-2020.html
https://sante.public.lu/fr/publications/r/rapport-activite-ministere-sante-2020.html
https://sante.public.lu/fr/publications/r/rapport-activite-ministere-sante-2020.html
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/lsa/126523.pdf
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/lsa/126523.pdf
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/lsa/126523.pdf

	 Introduction
	 Methods
	 Results
	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


