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Association between use of systematic reviews and national

policy recommendations on screening newborn babies for rare
diseases: systematic review and meta-analysis

Sian Taylor-Phillips,' Chris Stinton," Lavinia Ferrante di Ruffano,’ Farah Seedat,* Aileen Clarke,’

Jonathan | Deeks?®?

ABSTRACT

OBJECTIVE

To understand whether international differences
in recommendations of whether to screen for rare
diseases using the newborn blood spot test might
in part be explained by use of systematic review
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Website searches of 26 national screening
organisations.

ELIGIBILITY CRITERIA FOR STUDY SELECTION

Journal articles, papers, legal documents,
presentations, conference abstracts, or reports
relating to a national recommendation on whether to
screen for any condition using the newborn blood spot
test, with no restrictions on date or language.

DATA EXTRACTION

Two reviewers independently assessed whether the
recommendation for or against screening included
systematic reviews, and data on test accuracy,
benefits of early detection, and potential harms of
overdiagnosis.

ANALYSIS

The odds of recommending screening according to
the use of systematic review methods was estimated
across conditions using meta-analysis.

RESULTS

93 reports were included that assessed 104
conditions across 14 countries, totalling 276
recommendations (units of analysis). Screening

WHAT IS ALREADY KNOWN ON THIS TOPIC

Decisions about which conditions to screen for using the newborn blood spot
test vary widely between countries, despite similar populations and healthcare
systems

No systematic assessment has been done of the effect of evidence review
methods used by different countries for decision making about screening using
the newborn blood spot test

WHAT THIS STUDY ADDS

Use of a systematic review of the evidence was associated with a reduced
probability of screening being recommended

42% of recommendations by national policy making organisations about whether
to screen babies for diseases using the newborn blood spot test do not take
account of the evidence on test accuracy, 36% do not review evidence about
whether early treatment improves health outcomes, and 76% do not consider the
evidence around potential harms of overdiagnosis
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was favoured in 159 (58%) recommendations,

not favoured in 98 (36%), and not recommended
eitherway in 19 (7%). Only 60 (22%) of the
recommendations included a systematic review.

Use of a systematic review was associated with a
reduced probability of screening being recommended
(23/60 (38%) v136/216 (63%), odds ratio 0.17,
95% confidence interval 0.07 to 0.43). Of the
recommendations, evidence for test accuracy,
benefits of early detection, and overdiagnosis was
not considered in 115 (42%), 83 (30%), and 211
(76%), respectively.

CONCLUSIONS

Using systematic review methods is associated with a
reduced probability of screening being recommended.
Many national policy reviews of screening for rare
conditions using the newborn blood spot test do not
assess the evidence on the key benefits and harms of
screening.

Introduction

Worldwide, the conditions screened for by the newborn
blood spot test vary widely,! > with the number ranging
from five to 60 on screening panels.’ * Effective
screening programmes can save lives, whereas
ineffective programmes can do more harm than good—
for example, through overdiagnosis, the physical
and psychological consequences of false positive
test results, and opportunity costs for the healthcare
system. It is not known whether the differences
between countries result from genuine differences
in disease prevalence or healthcare systems and
priorities, or from differences in the evidence review
process used to generate policy,” in particular the use
of systematic reviews.

Since Wilson and Jungner produced their World
Health Organization report on screening in 1968,
there has been a divergence in the methods used
internationally for policy making about screening.’®
In Denmark, Finland, France, Germany, Italy, the
Netherlands, Sweden, the UK, Australia, and New
Zealand, national and regional organisations have
updated and amended the Wilson and Jungner
principles to fit their local context and to use their
own versions to make policy recommendations and
decisions about screening.” In the United States, the
US Preventative Services Task Force has developed an
analytical framework that is adapted to the particular
circumstances of each review.® This includes three
key elements that might determine the balance of
benefits and harms from implementing screening for
a condition: test accuracy for detecting the condition



of interest; the benefit of early detection, and
therefore treatment after screening compared with
later detection following symptoms; and the extent
of overdiagnosis, one of the main harms of screening
owing to the detection of disease that would never
have caused symptoms within someone’s lifetime.

We analysed national policy making decisions about
which conditions to screen for using the newborn blood
spot test to determine whether systematic reviews were
undertaken and if this was associated with the final
recommendation of whether to implement screening.
We also scored the extent to which each decision
making process considered test accuracy, the benefit
of early detection, and overdiagnosis, and investigated
associations with the final decision.

Methods

Search

We searched the websites of national policy making
organisations for all documentation related to
the newborn blood spot test (see appendix 1 for
organisations). A previous systematic review was
used to identify these organisations.” We asked a
panel of international screening experts to identify
any further documentation, and we searched website
databases of WHO, the European Council, the
European Commission, and the European Observer.
From the included documentation, we extracted and
synthesised data describing the process of reaching
decisions for every condition considered for inclusion
on the newborn blood spot screening panel, with no
restrictions on date or language.

The initial search for this review was conducted on
the websites of these national organisations on 18
September 2015 using search terms for newborn blood
spot screening and the conditions included by the
American College of Medical Genetics (see appendix 2
for full search terms). We emailed each organisation and
country experts requesting any further documentation
on newborn blood spot screening. If either referred us
to associated but different organisations, we searched
those websites using the same search terms between
18 September 2015 and April 2016 (for example, in
the US we searched the Preventative Task Force website
and found that recommendations for the blood spot
test are made by the Advisory Committee on Heritable
Disorders in Newborns and Children. Similarly, after
contacting the Ministry of Social Affairs and Health
in Finland, we found that relevant reviews are on
the Finnish HTA website). Overall, we searched the
websites of 26 organisations.

Inclusion criteria
Two reviewers independently assessed each item
against the inclusion criteria, with disagreements
resolved by consensus. The inclusion criteria were:
Source of documents—only information from
national policy making organisations was included.
We excluded recommendations by state or regional
organisations unless endorsed by a national policy
making organisation, and recommendations by
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clinical societies or other groups unless they were
explicitly used to underpin national policy decisions.

Type of document—we included all journal
articles, papers, legal documents, presentations,
conference abstracts, or reports from the website
of the organisation and all those obtained through
personal communication with policy makers, officials,
and researchers in all included countries. We did not
include patient information.

Language—there were no restrictions on language.
For documents not in English we used automated
translation software, with formal translation by native
speakers if further clarity was needed.

Subject of documents—we included material on
whether to start or stop screening or material that
evaluated the effectiveness of current or proposed
screening programmes for any condition using the
newborn blood spot test. If we also found reviews of
conditions for that country, we included documents
describing standards for national evidence review
processes for screening.

Method of reaching recommendation—we included
recommendations produced using all methods,
including evidence from systematic reviews,
expert panels, or any approach that resulted in a
recommendation or decision or described why or how
a decision was made.

Data extraction

Two reviewers independently extracted data, with
disagreements resolved by consensus and involvement
of a third reviewer if necessary (see appendix 3 for
data extraction sheet). Data extraction was carried out
in two steps. Firstly, we recorded whether any of the
review documentation included a systematic review.
The criteria for defining a systematic review were
inclusive; we required either two parts of the search
strategy (for example, search terms, databases, dates)
to be described or any details of systematic evidence
selection after a search (for example, inclusion criteria,
PRISMA flow chart) to be described (table 1). We
were also inclusive about the question posed by the
systematic review, which could address any aspect
of the evidence relating to whether or not to screen
for a condition, including benefits of early detection
through screening, disease prevalence, test accuracy,
effects of false positive test results, overdiagnosis or
any other harm, and clinical course of the condition.

Criteria for defining a systematic review: A: describes
two parts of the search strategy (eg, search terms,
databases, dates), or B: describes any details of
systematic evidence selection after a search (eg, inclusion
or exclusion criteria, numbers at abstract and full text
sift, PRISMA flow diagram). Each country was defined as
having undertaken a systematic review for each condition
if either criterion A or B, or both, were met.

The review topic could be about any aspect of
screening for the disease under consideration (eg,
benefits of early detection through screening, disease
prevalence, test accuracy, effects of false positive test
results, overdiagnosis or any other harm, clinical course).

doi: 10.1136/bmj.k1612 | BMJ 2018;361:k1612 | the bmj
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Table 1 | Criteria for defining whether each country undertook a systematic review for each condition, with examples

Systematic

Country Condition review used Rationale for classification

Nether- Carnitine acylcarnitine No No methods given, but likely expert consensus. Section 1.3.4 states “the committee believes that this disease

lands translocase deficiency should be classified in Category 17°” (category 1 refers to conditions that the committee considered as
qualifying for inclusion in the newborn screening programme)

Denmark Multiple carboxylase No Section 4 states: “[we] assessed the conditions selected for additional analysis, which was based on a review of

deficiency original literature including treatment options, screening potential and experience.”®? No further details of the

review process were provided

Canada Phenylketonuria Yes Section 17 outlined the review methods, and included: source searched (Medlline only), search term
(phenylketonuria), and date limit.”> Meets criterion for describing two parts of the search strategy

UK Long chain 3-hydroxyacyl- Yes “Chapter 5 provides a methodology for the systematic review.” This included the search strategy, resources

CoA dehydrogenase
deficiency

searched (electronic databases and reference lists of identified articles), search terms, date limit, language
restrictions, and number of reviewers; and the inclusion and exclusion criteria.’” Meets both criteria for defin-
ing a systematic review because at least two parts of the search strategy and inclusion criteria were described

Criteria for defining a systematic review: A: describes two parts of the search strategy (eg, search terms, databases, dates), or B: describes any details of systematic evidence selection after a

search (eg, inclusion or exclusion criteria, numbers at abstract and full text sift, PRISMA flow diagram). Each country was defined as having undertaken a systematic review for each condition if
either criterion A or B, or both, were met.
The review topic could be about any aspect of screening for the disease under consideration (eg, benefits of early detection through screening, disease prevalence, test accuracy, effects of false
positive test results, overdiagnosis or any other harm, clinical course).

Secondly, we assessed three key elements
characterising the main benefits and harms of
screening: test accuracy, benefits of early detection
through screening, and overdiagnosis. These
characteristics were selected on the basis of our review
of published frameworks for test evaluation’'? to
identify all mechanisms recognised to affect patient
health as a result of undergoing testing or taking part
in a screening programme.

Table 2 details the scoring system for the assessment
of evidence related to the three key elements. We
measured whether and how the evidence was assessed;
not what the evidence showed about that particular
condition. A score of zero means that the element was
not mentioned in the documentation, with increasing
scores up to a score of 5 indicating greater and more
systematic use of evidence and increasing assessment of
internal and external validity. A score of =3 for any of the
three key elements indicates that a systematic review
was used for that recommendation. In some cases a
systematic review was used and recorded as such but
the review did not cover test accuracy, benefit of early
detection, or overdiagnosis. In such cases, the evidence
would score <3 for these three key elements in the
secondary analyses but was still coded as a systematic
review in the primary analysis (meta-analysis).

Test accuracy determines how many people are
detected early with true positive test results and how
many are potentially harmed by false positive results.
The scoring system refers to whether thereisan accurate
test, which can include any test accuracy metrics such
as sensitivity, specificity, and positive or negative
predictive value. Consideration of the existence of a test
is a necessary prerequisite but does not form part of the
scoring system. The benefit of early detection leading
to early treatment is the primary mechanism through
which screening provides benefit. The scoring system
refers specifically to the benefit of early treatment, not
whether there is an effective treatment, which is also
a prerequisite. Overdiagnosis in this context is defined
as detection of disease at screening that would never
have produced symptoms within someone’s lifetime.

thebmj | BMJ2018;361:k1612 | doi: 10.1136/bmj k1612

We were inclusive in the language used to describe
overdiagnosis, including asymptomatic phenotypes,
penetrance, and any description of people remaining
symptom-free to adulthood.

Statistical analysis

Cohen’s k was used to calculate inter-reviewer
reliability for judgments of whether a systematic
review was used, scores for the test accuracy,
benefits of early detection, and overdiagnosis, and
whether screening was recommended, with linear
weighting when more than two categories existed,
and interpretation according to Landis and Koch.?
We report proportions of included decisions that
used systematic review methods; the methods used
to assess test accuracy, benefit of early detection, and
overdiagnosis (graphs show distribution of scores);
and the final recommendation tabulated by country.
To determine whether the patterns observed were
purely historical we repeated the analysis including
only policies since 2012.

We computed the odds ratio for recommending
screening for each condition if a systematic review
was used compared with recommending screening
if a systematic review was not used. To get an
overall estimate of the impact of using systematic
reviews on policy formation of recommendations, we
meta-analysed odds ratios across conditions. This
stratified approach removes the confounding effect
of clinical condition. Only conditions where there
were discrepancies in recommendations (ie, at least
one recommendation for and one recommendation
against screening) and in methods (ie, at least one
recommendation with systematic review evidence and
one without) could contribute to this comparison and
were included in the meta-analysis. We calculated an
overall effect estimate using Mantel-Haenszel fixed
effects meta-analysis with a 0.1 zero cell correction.?®*’
The analyses were repeated with no and other values
of zero cell correction (0.5, 0.01, 0.001), using the
DerSimonian and Laird random effects method
with zero cell correction 0.5, and the Peto method.?’
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Table 2 | Scoring system for assessment of evidence for test accuracy, benefit of early treatment, and overdiagnosis

Examples

Score*  Definition Test accuracy Benefit of earlier treatment Overdiagnosis

0 Not considered USA, American College of Medical USA, argininemia: “Treatment is expected to Overdiagnosis not mentioned using any form of
atall Genetics recommendation to screen reduce neurological dysfunction [references wording, including asymptomatic phenotypes,

for 3-hydroxy-3-methyglutaric given].” References refer to treatment effective- penetrance, and any description of people
aciduria “Screening test: MSMS ness not benefit of earlier treatment (after screen remaining symptom-free to adulthood
[tandem mass spectrometry]. detection) over later treatment (after symptomatic

Reported in 1990 [references given]”  detection)’?

(the references provided refer to

how to undertake testing using MS/

MS, but provide no details on test

accuracy)

1 Considered in some  Netherlands, tyrosinemia type I: “Itis  USA, congenital hypothyroidism: “Some evidence USA, 3-methylcrotonyl-CoA carboxylase deficiency:
way (mentioned possible to make the test specific for  that early intervention optimizes individual out- “since newborn screening with MS/MS [tandem
in at least one tyrosinemia type | and greatly reduce  comes [no reference given]”'? mass spectrometry] began, many individuals
document once) the number of false-positives by also have been identified with the analytes associated

measuring the amount of succinyl with the condition but without apparent clinical
acetone in the blood specimen [no manifestations [no reference given]”*?
reference given] **

2 Measured in some New Zealand, economic model New Zealand, nomination form for removal of Denmark, biotidinase deficiency: “It is unclear
way (at least one of screening for severe combined 3-methylcrotonyl-CoA carboxylase deficiency whether asymptomatic children with partial biotini-
study or source immunodeficiency: table 4 model 3MCC from the screening panel: “RCTs [ran- dase deficiency need treatment [references given]”!”
cited, and for test assumptions “test sensitivity 0.999, domised controlled trials] are not possible in new-
accuracy at least test specificity 0.996 [reference born metabolic screening due to the low incidence
some numerical given]”!® of the disorders, and the time period required to
estimate given) or generate a statistically significant number of cases
acknowledged that in the screening arm versus the control arm. Case
data do not exist yet studies suggest screening is not effective in reduc-

ing mortality or morbidity [reference given]”*®

3 Investigated using Spain, findings of a systematic Canada, systematic review of cystic fibrosis (CF): France, systematic review of medium-chain acyl-CoA
systematic methods  review of biotidinase: “Therefore “Before any screening program is implemented dehydrogenase deficiency: “Screening results in the
of collecting sensitivity and specificity of the test there should be good evidence that people iden- United States, Germany and Australia have revealed
evidence (score is estimated at 100% and 99.994%, tified in the presymptomatic phase do better than the presence of a relatively frequent mutation
if detail two parts respectively. These results are very those in whom a diagnosis is made because of which was not found in patients exhibiting clinical
of search strategy similar to those presented in Kwon &  symptoms . .. Several cohort studies of screened symptoms [references given]. Studies in vitro have
or any details of Farrel, 2000 [reference given]”'® and unscreened subjects have suggested that demonstrated that this mutation is associated with
evidence selection early diagnosis does make a difference. In one a reduction in the enzymatic activity which may not
methods) study in the Netherlands, 88% of screened chil- necessarily have any clinical significance [reference

dren but only 60% of unscreened children were given]”?°
still alive at age 11 years. In an earlier study by

the same group, screened children were found to

have better clinical scores at age 8 years than did

unscreened children with CF, but the differences

in chest x-ray films, heights and weights were not

statistically significant [reference given]”*’

4 Systematic Spain, systematic review of classic UK, systematic review of maple syrup urine dis- USA, systematic review of Krabbe disease: “Of the
review and mention  galactosemia: “sensitivity of 100% ease: “Other authors provide shorter case-history seven high-risk cases detected in New York (Table
external validity and a specificity of 99.9% in all approaches to identification of improved clinical 6), two were considered EIKD [early infantile Krabbe
(generalisability to programs, although these data outcomes from screen detected patients. These disease] and referred for HSCT [hematopoietic stem
local context) or in- should be interpreted with caution include [references given] all of whom compare cell transplant] because of their GALC [galacto-
ternal validity (bias in the absence of studies to conduct ~ small numbers of pre-symptomatically detected sylceramidase] genotypes and the early signs of
or confounding) of a verification of negative cases versus clinically detected cases but without neurologic disease. One of these patients was
evidence or hierar- [reference given]”?! construction of comparative cohorts”?? homozygous for the 30-kb deletion mutation, while
chy of evidence the other patient was heterozygous for the 30-kb

deletion and a novel mutation. Dr. Wenger reports
that the five remaining children who screened high
risk had genotypes considered to put them at a low
risk for early onset of disease. Dr. Caggana and Dr.
Orsini state that two of these children were lost to
follow-up and three are being followed on a quar-
terly basis by a neurologist. One of these children
is known to be asymptomatic and the other two are
assumed to be asymptomatic as Dr. Caggana and
Dr. Orsini have not heard otherwise”’
5 Systematic review No examples found Belgium, systematic review of CF provides full No examples found

and assessed
using formal quality
assessment

quality assessment of the studies in an appendix,
with summary: “The studies performed to support
CF NBS [newborn screening] is not as strong as
one might expect, knowing that there are still two
large randomized trials (RCTs) [that] were designed
to evaluate CF NBS. The design of the UK RCT
(1985-1989) was substandard and this study
was therefore not retained in a recent Cochrane
review. The Wisconsin RCT (1985-1995) did have
a proper design and demonstrated a significant
advantage of CF NBS in the field of nutrition and
growth (weight and length). However, in [relation
to] lung function, no benefit from CF NBS could be
demonstrated”?*

*Scores are cumulative—for example, a score of 3 can only be achieved if meeting all criteria to score 1, 2, and 3.

doi: 10.1136/bmj.k1612 | BMJ 2018;361:k1612 | the bmj
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Records identified
through websites (n=108)

We tested for heterogeneity using Cochran’s Q and
described its magnitude using the I? statistic. All
analyses used Stata version 13.

Spearman correlation was used to univariately
assess the relation between policy recommendations
and the rigor of methods used to assess test accuracy,
the benefits of early detection and treatment, and
the risks of overdiagnosis (only systematic reviews
of conditions for which there were recommendations
both for and against screening were included in this
analysis).

Patient involvement

No patients were involved in setting the research
question or the outcome measures, nor were
they involved in developing plans for design or
implementation of the study. No patients were asked
to advise on interpretation or writing up of results. We
will work with patients and members of the public to
help disseminate findings to appropriate audiences.

Results

Description of evidence

We identified 134 policy documents (fig 1), 108 of
which were from screening organisation websites and
26 referred from experts. Overall, 41 documents were
excluded. Reasons for exclusion were: description
of current screening practice, policy, or laws; list of
conditions included or considered for inclusion in
programme; document stating decision to change
programme; document not from national organisation;
duplication of included information; patient
information; description of organisation or study;
no investigation of an included condition; contracts;
and not newborn blood spot test (see appendix 4 for
references of exclusions with reasons). After exclusions,
93 reports remained."**°® Two covered Australia and

Additional records identified
through experts (n=26)

Full text records assessed for eligibility (n=134)

Full text records excluded (see appendix 4) (n=41):
Description of current screening practice, policy, or laws (n=14)
List of conditions included or considered for inclusion in programme (n=6)
Document stating decision to change programme (n=6)
Document not from national organisation (n=4)
Duplication of included information (n=4)
Patient information (n=2)
Description of organisation or study (n=2)
No investigation of an included condition (n=1)
Contract (n=1)
Not newborn blood spot test (n=1)

Studies included in synthesis (n=93):

Australia and New Zealand (n=2)

Australia (n=2)
Belgium (n=4)
Canada (n=3)

Denmark (n=2) Italy (n=1) Spain (n=24)
Finland (n=3) Japan (n=4) UK (n=8)
France (n=8) Netherlands (n=4) USA (n=23)

Germany (n=3) New Zealand (n=2)

Fig 1 | Flow of documents through study. One paper was included from Italy, but no
national decisions in the analysis, because one paper that will be used in part to
underpin the national decisions has been published, but the national review process is
incomplete and recommendations are yet to be made

thebmj | BMJ2018;361:k1612 | doi: 10.1136/bmj k1612

Hs5 B4 B3 @32 0100

T m |

80

60

40

Cumulative percentage of

recommendations scored from 0 to 5

20

o

Test Early detection Overdiagnosis

Element of review
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Review methods used
Overall, the 93 reports included 104 conditions from 14
countries, giving a total of 276 recommendations (units
of analysis). Cohen’s « for inter-reviewer reliability was
0.91 (near perfect) for whether a systematic review was
used, 0.73 (substantial) for test accuracy score, 0.47
(moderate) for benefit of early detection score, 0.62
(substantial) for overdiagnosis score, and 0.97 (near
perfect) for the final recommendation of each review.
Of the 276 recommendations, 159 (58%) were in
favour of screening, 98 (36%) were against screening,
and no suggestion was made either way in 19 (7%).
Sixty (22%) of the recommendations included evidence
from a systematic review. Of the recommendations,
evidence for test accuracy, benefits of early detection,
and overdiagnosis was not considered in 115 (42%),
83 (30%), and 211 (76%), respectively. Of the 60
recommendations that employed systematic review
methods, 21 systematic reviews covered test accuracy,
benefits of early detection, and overdiagnosis. Figure 2
shows the full distribution of scores. Similar patterns
are observed if only the most recent 154 reviews
(from 2012 onwards) are included (see supplemental
figure 1). Table 3 shows a full breakdown by country.

Association between evidence review methods and
recommendations

Of the 60 decisions that included a systematic
review, 23 (38%) recommended screening, 29 (48%)
recommended not to screen, and eight (13%) made
no recommendation either way. The corresponding
results for the 216 decisions not based on evidence
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Table 3 | Review methods and decisions for each country

Proportion of decisions, % (No/total No)

Review scores (No*)

Test accuracy

Early detection

Overdiagnosis

Recommended Used systematic
Country screening review 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Australia 100 (1/1) 0(0/1) 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
Belgium 14 (1/7) 14 (1/7) 0 1 5 1 0 0 0 3 3 0 0 1 4 2 0 1 0 0
Canada 83 (5/6) 67 (4/6) 2 0 0 3 1 0 3 0 1 1 1 0 5 0 1 0 0 0
Denmark 60 (21/35) 0(0/35) 4 3 28 0 0 0 8 16 11 0 0 0 25 9 1 0 0 0
Finland 0(0/7) 100 (7/7) 1 4 1 1 0 0 0 7 0 0 0 0 6 1 0 0 0 0
France 33 (1/3) 100 (3/3) 0 0 2 1 0 0 O 0 0 1 2 0 O 2 0 1 0 0
Germany 100 (1/1) 100 (1/1) 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0
Japan 81(25/31) 0(0/31) 27 2 2 0 0 0 30 0 1 0 0 0 30 1 0 0 0 0
Netherlands 55 (29/53) 0(0/53) 21 13 19 0 0 0 18 23 12 0 0 0 48 3 2 0 0 0
New Zealand 13 (1/8) 75 (6/8) 0 5 2 0 0 0 5 1 2 0 0 0 7 0 1 0 0 0
Spain 41(11/27) 100 (27/27) 6 0 0 20 1 0 3 0 0 22 2 0 10 5 0 12 0 0
UK 75 (6/8) 63 (5/8) 0 0 3 4 1 0 O 2 2 1 3 0 2 0 1 5 0 0
USA 64 (57/89) 7 (6/89) 53 15 15 0 6 0 16 19 49 0 5 0 74 3 10 0 2 0

*Number of included recommendations with each evidence score.

Condition

Maple syrup disease

2-Methylbutyryl-CoA dehydrogenase deficiency
2-methyl-3-hydroxybutyric aciduria
3-hydroxy-3-methyglutaric aciduria
3-methylcrotonyl-CoA carboxylase deficiency

from a systematic review were 136 (63%), 69 (32%),
and 11 (5%).

The meta-analysis included 24 conditions, each
with between two and eight reviews, with 104 reviews
in total. The odds of making a decision to recommend
screening was lower when a systematic review was used
than when no systematic review was used (odds ratio
0.17, 95% confidence interval 0.07 to 0.43, P<0.001; fig
3). Owing to the small sample sizes, little heterogeneity
existed between conditions (y*=12.45 (df=23), P=0.96),
with none of the total variance due to variability between

Systematic review No systematic review

Screening  No screening Screening

No screening
recommended recommended recommended recommended

3-methylglutaconic aciduria

Argininaemia

Argininosuccinic acidemia

B-ketothiolase deficiency

Citrullinaemia

Classic galactosaemia

Cystic fibrosis

Glutaric acidaemia type Il

Homocystinuria

Isovaleric acidaemia

Long-chain 3-hydroxyacyl-CoA deficiency
Medium-chain acyl-CoA dehydrogenase deficiency
Methylmalonic acidaemia (Cbl A,B)
Methylmalonic acidaemia (Cbl C,D)

Multiple carboxylase deficiency

Propionic acidaemia

Severe combined immunodeficiency
Short-chain acyl-CoA dehydrogenase deficiency
Sickle cell anaemia
Overall: P=0.963, 1’=0%
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conditions (I?=0%). Sensitivity analyses using different
zero cell corrections and meta-analysis methods did
not alter the results and were all highly significant
(P<0.001), although increasing the zero cell correction
did slightly reduce the effect size (see appendix 2).
Review scores for benefits of early detection and
overdiagnosis were not statistically significantly
correlated with the recommendation of the review,
although there was an association between greater
consideration of test accuracy in the review and
a recommendation against screening (table 4).

0dds ratio Weight 0dds ratio
(95% CI) (%) (95% CI)
—_f 5.58  0.02(0.00 to 22.05)
_— 3.99  0.01(0.00 to 78.19)
~—— 3.99  0.01(0.00 to 78.19)
—l'—— 3.39  0.09 (0.00 to 77.66)
_— 5.00  0.03(0.00 to 29.82)
~—B—— 3.99  0.01(0.00to 78.19)
= 282 0.09(0.00 0 98.92)
—_—T 5.00  0.03(0.00 to 29.82)
] 8.06  0.02(0.00to 13.81)
—l'—— 3.39  0.09 (0.00 to 77.66)
—_—r 416 0.05(0.00 to 45.96)
——t——=——— 0.29 21.00 (0.03 to 14483.21)
— 5.00  0.03(0.00 to 29.82)
—-— 264 1.00(0.03 0 29.81)
—_— 5.58  0.02(0.00 to 22.05)
<—.——— 5.58  0.02(0.00 to 22.05)
——+1—=———— 044 5.63(0.01t04503.61)
— 6.62  0.00 (0.00 to 18.23)
— 538 0.00 (0.00 to 37.39)
— 6.62  0.00(0.00to 18.23)
— 6.62  0.00 (0.00 to 18.23)
. 0.26 11.00(0.01t011969.61)
o 2.18  0.17 (0.00 to 167.51)
_ 339 0.09 (0.00 to 77.66)
- 0.17 (0.07 t0 0.43)
00001 0.01 0 100 10000

Fig 3 | Forest plot of the odds of recommending screening in decisions that included compared with did not include evidence from a systematic
review. Overall effect estimate from fixed effects meta-analysis with a 0.1 zero cell correction
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Table 4 | Number of reviews recommending screening and no screening by scores for test accuracy, benefit of early

detection, and overdiagnosis
Recommendation

Proportion recommend Spearman correlation

Scores Screening No screening screening (%) coefficient* (95% Cl) P value
Test accuracy:
0 41 14 75
1 10 8 56
; 5(7) 1? j; -0.17 (-0.33t0 -0.01) 0.04
4 2 1 67
5 0 0
Benefits of early detec-
tion:
0 27 17 61
1 23 11 68
2 30 7 81
3 5 13 28 -0.06 (-0.22t00.11) 0.51
4 4 2 67
5 1 0 100
Overdiagnosis:
0 71 34 68
1 5 5 50
2 7 3 70
3 Z 3 47 -0.13 (-0.29 t0 0.03) 0.12
4 0 0
5 0 0

*Correlation is between scores and whether screening was recommended (only includes reviews of conditions where at least one review recommended

screening and one did not).

Confidence intervals were wide, narrowly excluding
zero for test accuracy and just overlapping zero for
overdiagnosis score.

Discussion

We assessed whether use of a systematic review affects
national decisions on whether to screen for a range of
conditions using the newborn blood spot test. After
full text review, we included 93 reports assessing a
total of 104 conditions across 14 countries, with 276
recommendations. Only 22% of the recommendations
were based on evidence from a systematic review. The
odds of a decision in favour of screening were lower
when a systematic review was used as part of the
policy decision (0.17, 95% confidence interval 0.07
to 0.43). The evidence on accuracy of the test was not
evaluated in 42% of recommendations. Similarly, the
evidence around the benefits of early detection and the
potential harm of overdiagnosis were not evaluated in
30% and 76% of reviews, respectively. These elements
were actually not mentioned in the review documents,
which suggests either lack of evidence review or lack
of consideration. For each review, the more thoroughly
test accuracy was considered the lower was the
probability that screening would be recommended.
A weak association was found in the same direction
for thoroughness of assessment between both early
treatment benefits and overdiagnosis and screening
recommendations. However, power was too limited
to assess these associations, owing to the low scores
creating a floor effect.

Strengths and limitations of this study
The strengths of this study include the large number of
documents extracted using systematic methods, with

thebmj | BMJ2018;361:k1612 | doi: 10.1136/bmj k1612

no restrictions on date, language, or country, and the
use of meta-analytical methods to determine whether
there was a consistent effect across different conditions
thus accounting for confounding by condition. Also we
used automated translation software, which enabled
broader inclusion criteria, although errors might have
occurred in translation. To mitigate this risk, we used
formal translation for documents or parts of documents
where the automated translation was unclear to
reviewers. In addition, the review of grey literature
documenting national policy decisions is challenging
in itself, particularly on reproducibility since websites
change over time. We also contacted every organisation
for further documents, but it is possible that more
systematic reviews were used than were published or
referenced by the national websites of policy makers or
identified through personal communication.

Although we found an association between use of
systematic reviews and whether or not a screening
programme was recommended, the decision on
whether to undertake a systematic review might have
been driven by country level factors, as four of the 14
included countries always used a systematic review
and four never did. Thus it might be possible that
use of systematic review methods acted as a proxy
for unmeasured country level confounders, so only
tentative conclusions can be drawn.

Comparison with other studies

Previous research has highlighted an underuse of
systematic reviews in developing policy guidance for
screening programmes. A 2006 study reported that
systematic reviews were rarely used in production
of WHO guidance, a discovery that initiated a
major research effort to incorporate greater use



of systematic reviews.'® Although the research
literature concerning measurement of overdiagnosis
is extensive, our study systematically investigated
whether consideration of potential overdiagnosis is
incorporated into national screening policy decision
making. Our main finding, however, was that policy
reports that did not utilise systematic review methods
were more likely to recommend screening, suggesting
that rigorous appraisal exposes the absence or
unreliability of available evidence. Indeed, several
studies have shown differences between expert
opinion and research evidence. One study observed
that professional recommendations on treatments for
acute myocardial infarction communicated through
review articles or textbooks often contradicted the
best evidence from meta-analysis of trials available
at the time of publication.!*® An opinion article
argued that experts are more likely to overestimate
the effectiveness of interventions based on their own
clinical experiences.!™* In fact a systematic review
showed that clinicians overestimate the benefits of
screening and underestimate the harms.*? We consider
that quality appraisal in systematic reviewing serves
as a mechanism to highlight bias in research studies
(often biased away from the null). This might explain
why expert policy making groups that use systematic
reviews are less likely to recommend screening.

Policy implications

This study showed that many national policy decisions
about whether to screen for conditions using the
newborn blood spot test are being made without
systematically reviewing the evidence. One reason for
this absence is likely to lay in the absence of evidence
from randomised controlled trials, which is unavailable
for most conditions included in the newborn blood
spot owing to their rarity. Indeed, although many
countries have developed robust systems for reviewing
new screening programmes, we found that they are
often not applied when assessing whether to screen for
additional rare diseases using the newborn blood spot
test. Yet it remains essential to make evidence based
policy decisions because once screening programmes
are started they are difficult to stop.'> When trial
evidence is not available, a review of whether to screen
for each condition should consider the evidence for
each pathway to patient benefit and harm resulting
from introducing a screening test, in particular: the
test’s ability to discern true disease, any resulting
potential for patient harm from overdiagnosis, and
the benefits of early detection. Although many reviews
considered whether subsequent diagnostic tests and
treatments were available to manage screened patients,
most did not consider evidence for the screening test’s
accuracy, nor whether earlier detection and treatment
after screening were beneficial to patients compared
with later detection of symptoms and treatment. These
three elements are not an exhaustive list of benefits and
harms (for example, we did not examine the effect of
screening results to other family members); however,
there is broad agreement that they are key indicators

RESEARCH

of effectiveness.'® ' We recommend that whenever
possible a systematic review of the literature should
be undertaken as part of policy decisions on whether
to commence screening. Full systematic reviews that
assess each key element of a screening programme
can be expensive and time consuming—particularly
in the absence of trial evidence, and we propose more
international collaboration to undertake such reviews.
Although the health systems, prevalence, culture,
and willingness to pay thresholds might differ by
country, the evidence about test accuracy, benefits of
early detection, and overdiagnosis are international
bodies of evidence, and collating them will be the
same regardless of country. Only concerns about
applicability will differ.

Conclusions

Further research is required to understand why policy
makers do not employ systematic review methods
in their evaluations of evidence. Possible reasons
include costs, time, and knowledge and beliefs about
systematic reviews.''> Undertaking international
reviews for conditions across several countries would
reduce overall costs. These reviews could be adapted
to local populations and prevalence and improve
rigour while reducing discrepancies in screening
internationally.

Contributors: ST-P designed the study, was first reviewer, undertook
the analysis, drafted the manuscript, and is the guarantor. CS and
LFdR were second reviewers. FS ran the searches. AC assisted with
study design and write up. JD contributed to study design and planned
the statistical analysis. All authors contributed to the write up and
approved the final version.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:
support from the National Institute for Health Research (NIHR) for the
submitted work; no financial relationships with any organisations that
might have an interest in the submitted work in the previous three
years; no other relationships or activities that could appear to have
influenced the submitted work.

Funding: This study presents independent research that was in

part funded by the NIHR through a career development fellowship
for ST-P. ST-P, AC, and CS are supported by the NIHR CLAHRC West
Midlands initiative. JD is supported in part by the NIHR Birmingham
Biomedical Research Centre and an NIHR senior investigator award.
The views expressed in this publication are those of the authors and
not necessarily those of the National Health Service, the NIHR, or the
Department of Health.

Ethical approval: Not required.

Data sharing: The authors are willing to share data by personal
communication to ST-P.

Transparency: The lead author (ST-P) affirms that this manuscript
is an honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if
relevant) have been explained.

This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/.

1 Pollitt RJ. Newborn blood spot screening: new opportunities, old
problems. / Inherit Metab Dis 2009;32:395-9. d0i:10.1007/
$10545-009-9962-0

2 Potter BK, Avard D, Entwistle V, et al. Ethical, legal, and social issues
in health technology assessment for prenatal/preconceptional
and newborn screening: a workshop report. Public Health
Genomics 2009;12:4-10. doi:10.1159/000153430

3 Mékeld M, Finnish Office for HTA (FINOHTA) at THL. (National Institute
for Health and Welfare). Personal communication, 2015.

doi: 10.1136/bmj.k1612 | BMJ 2018;361:k1612 | the bmj



RESEARCH

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Secretary’s Advisory Committee on Heritable Disorders in Newborns
and Children. Recommended Uniform Screening Panel Core
Conditions. United Stated of America: SACHDNC, 2016.

Pollitt RJ. Introducing new screens: why are we all doing different
things? J Inherit Metab Dis 2007;30:423-9. doi:10.1007 /510545~
007-0647-2

Wilson JMG, Jungner G. Principles and practice of screening for
disease. World Health Organization, 1968.

Seedat F, Cooper J, Cameron L, et al. International comparisons of
screening policy-making: A systematic review. United Kingdom,
2014. www.gov.uk/government/uploads/system/uploads/
attachment_data/file/444227 /FINAL_REPORT _International_
Screening.pdf.

Harris RP, Helfand M, Woolf SH, et al, Methods Work Group, Third

US Preventive Services Task Force. Current methods of the US
Preventive Services Task Force: a review of the process. Am J Prev
Med 2001;20(Suppl):21-35. doi:10.1016/S0749-3797(01)0026 1-6
Adriaensen WJ, Mathei C, Buntinx FJ, Arbyn M. A framework provided
an outline toward the proper evaluation of potential screening
strategies. J Clin Epidemiol 2013;66:639-47. d0i:10.1016/j.
jclinepi.2012.09.018

Harris R, Sawaya GF, Moyer VA, Calonge N. Reconsidering the criteria
for evaluating proposed screening programs: reflections from 4
current and former members of the U.S. Preventive services task
force. Epidemiol Rev 2011;33:20-35. d0i:10.1093/epirev/mxr005
Ferrante di Ruffano L, Hyde CJ, McCaffery KJ, Bossuyt PM, Deeks J.
Assessing the value of diagnostic tests: a framework for designing
and evaluating trials. BMJ 2012;344:e686. 10.1136/bmj.e686
Raffle A, Gray J. Screening: evidence and practice. Oxford University
Press, 2007. doi:10.1093/acprof:050/9780199214495.001.0001.
Watson M, Mann M, Lloyd-Puryear M, et al. Newborn Screening:
Toward a Uniform Screening Panel and System—Executive Summary.
Pediatrics 2006;117 Supplement Article(5).

Health Council of the Netherlands. Neonatal Screening. Health
Council of the Netherlands, 2005.

Jackson G, Williams L. Cost-effectiveness of newborn screening for
Severe Combined Immune Deficiency. A Report prepared for the
National Screening Unit. Health Partners Consulting Group, 2014.
Wilson C, Webster D. Newborn metabolic screening programme,
National Metabolic Service. Nomination form for removal of a
screened disorder. National Screening Unit, 2014.
Saugmann-Jensen P, Andresen BS, Nielsen JB, et al. Biokemisk
screening for medfedt sygdom hos nyfedte - Principper, erfaringer,
anbefalinger. 2.Del: Faktablade (Bilag til hovedrapport).
Sundhedsstyrelsen, 2008.

Vallejo Torres L, Castilla Rodriguez I, Cuéllar Pompa L, et al.

Andlisis coste-efectividad del cribado neonatal de la deficiencia de
biotinidasa. Espafia: Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacién de Tecnologfas Sanitarias, 2013.

Canadian Task Force on the Periodic Health Examination. Periodic
health examination, 1991 update: 4. Screening for cystic fibrosis.
CMA] 1991;145:629-35.

Haute Autorité de Santé. Evaluation a priori de 'extension du
dépistage néonatal a une ou plusieurs erreurs innées du métabolisme
par la technique de spectrométrie de masse en tandem en population
générale en France 1er volet: dépistage du déficit en MCAD. Synthése
et recommandations. Haute Autorité de Santé, 2011.

Varela-Lema L, Paz-Valifas L, Atienza Merino G. Cribado neonatal de
la galactosemia clasica. Revision Sistemética. Espafa: Red Espafiola
de Agencias de Evaluacion de Tecnologias y Prestaciones del SNS.
Agencia de Evaluacion de Tecnologias Sanitarias de Galicia. Informes
de evaluacion de tecnologias sanitarias, 2014.

Burton H, Moorthie S. Expanded newborn screening. A review of the
evidence. PHG Foundation, 2010.

Knapp A, Kemper A, Perrin ). Evidence review: Krabbe Disease. MGH
Center for Child and Adolescent Health Policy, 2009.

Belgian Health Care Knowledge Centre. /s Neonatale Screening op
Mucoviscidose aangewezen in Belgié? KCE reports 132A. Belgian
Health Care Knowledge Centre, 2010.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics 1977;33:159-74. doi:10.2307/2529310
Harris R, Bradburn M, Deeks J, et al. metan: fixed- and random-effects
meta-analysis. Stata / 2008;8:3-28.

Bradburn M, Deeks J, Altman D. metan — an alternative meta-analysis
command. Stata Technical Bulletin Reprints 1999;8:86-100.

Green NS, Rinaldo P, Brower A, et al, Advisory Committee on
Heritable Disorders and Genetic Diseases in Newborns and Children.
Committee Report: advancing the current recommended panel

of conditions for newborn screening. Genet Med 2007;9:792-6.
doi:10.1097/GIM.0b013e318159a38e

Bocchini ). X-linked Adrenoleukodystrophy (ALD) Decision

Letter. Secretary’s Advisory Committee on Heritable Disorders in
Newborns and Children, 2012.

thebmj | BMJ2018;361:k1612 | doi: 10.1136/bmj k1612

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Human Genetics Society of Australasia. Newborn bloodspot

testing. Human Genetics Society of Australasia, 2011.

Autti-Ramo I, Makela M, Sintonen H, et al. Expanding screening for
rare metabolic disease in the newborn: an analysis of costs, effect
and ethical consequences for decision-making in Finland. Acta
Paediatr 2005;94:1126-36. d0i:10.1080/08035250510029497
Ministerio de Sanidad Y. Politica Social. Cuidados desde el
nacimiento. Recomendaciones basadas en pruebas y buenas
prdcticas. Ministerio de Sanidad Y Politica Social, 2010.

Human Genetics Society of Australasia. Population Based Carrier
Screening for Cystic Fibrosis. Human Genetics Society of Australasia,
2013.

Haute Autorité de Santé. Le dépistage néonatal systématique de la
mucoviscidose en France : Etat des lieux et perspectives aprés 5 ans
de fonctionnement. Haute Autorité de Santé, 2009.

Haute Autorité de Santé. Note d’accompagnement du rapport. Le
dépistage néonatal systématique de la mucoviscidose: état des lieux
et perspectives aprés 5 ans de fonctionnement. Haute Autorité de
Santé, 2009.

UK National Screening Committee. Child Health Sub-Group Report on
Cystic Fibrosis. National Screening Committee, 2005.

Canadian Task Force on the Periodic Health Examination.

Periodic health examination, 1990 update: 1. Early detection of
hyperthyroidism and hypothyroidism in adults and screening of
newborns for congenital hypothyroidism. CMA/ 1990;142:955-61.
Joint Standing Sub-Committee on Screening in Medical Care. Screening
for congenital hypothyroidism. Recommendations to Standing Medical
Advisory Committee and Scottish Health Services Planning Council
London. Department of Health and Social Security, 1980.

Einéder Moreno M, Atienza Merino G. Efectividad clinica del

cribado neonatal de errores congénitos del metabolismo mediante
espectrometria de masas en tandem. Parte I: enfermedad de la
orina con olor a jarabe de arce, homocistinuria, acidemia glutdrica
tipo I, acidemia isovalérica y deficiencia de 3-hidroxi-acil-CoA
deshidrogenasa de cadena larga. Espafia: Red Espafiola de Agencias
de Evaluacion de Tecnologias y Prestaciones del SNS. Agencia

de Evaluacion de Tecnologias Sanitarias de Galicia. Informes de
Evaluacion de Tecnologias Sanitarias, 2013.

Seoane Mato D, Cantero Mufioz P, Atienza Merino G. Efectividad
clinica del cribado neonatal de errores congénitos del metabolismo
mediante espectrometria de masas en tandem. Parte Il: acidemia
metilmaldnica, acidemia propidnica, tirosinemia tipo I. Espaia: Red
Espafiola de Agencias de Evaluacion de Tecnologias y Prestaciones
del SNS. Agencia de Evaluacion de Tecnologias Sanitarias de Galicia.
Informes de Evaluacion de Tecnologias Sanitarias, 2014.

Cantero Mufioz P, Atienza Merino G. Efectividad clinica del cribado
neonatal de errores congénitos del metabolismo mediante
espectrometria de masas en tandem. Parte lll: deficiencia primaria
de carnitina (CUD), deficiencia de Acil-CoA deshidrogenasa de
cadena corta (SCADD), deficiencia de Acil-CoA deshidrogenasa de
cadena muy larga (VLCADD). Espafia: Red Espariola de Agencias

de Evaluacion de Tecnologias y Prestaciones del SNS. Agencia

de Evaluacién de Tecnologias Sanitarias de Galicia. Informes de
Evaluacion de Tecnologias Sanitarias, 2015.

Xunta de Galicia. Efectividad Clinica Del Cribado Neonatal De Errores
Congenitos Del Metabolismo Mediante Espectrometria De Masas

En Tandem. Parte Iv: Aciduria 3-Hidroxi-3-Metilglutarica (Hmg) Y
Deficiencia De B-Cetotiolasa (Bkt). Espafia: Xunta de Galicia, 2015.
Castilla I, Arvelo-Martin A, Valcarcel-Nazco C, et al. Coste-efectividad
del cribado ampliado de errores congénitos del metabolismo
mediante espectrometria de masas en tandem. Espafa: Ministerio
de Sanidad, Servicios Sociales e Igualdad. Servicio de Evaluacion del
Servicio Canario de la Salud. Informes de Evaluacién de Tecnologias
Sanitarias, 2012.

Castilla I, Vallejo-Torres L, Linertova R, et al. Costeefectividad

del cribado neonatal de la Aciduria 3-hidroxi-3-metilglutdrica
(HMG). Espania: Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacién de Tecnologfas Sanitarias, 2015.

Garcia Pérez L, Valcarcel Nazco C, Castilla Rodriguez |, et al. Coste-
efectividad del cribado neonatal de la galactosemia cldsica. Espafa:
Ministerio de Sanidad, Servicios Sociales e Igualdad. Servicio de
Evaluacion del Servicio Canario de la Salud. Informes de Evaluacion
de Tecnologias Sanitarias, 2013.

Castilla I, Vallejo-Torres L, Rica-Echevarria I, et al. Coste-

efectividad del cribado neonatal de la hiperplasia suprarrenal
congénita. Espana: Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacién de Tecnologfas Sanitarias, 2013.
Valcarcel-Nazco C, Oliva Hernandez C, Velasco Gonzalez V, et

al. Costeefectividad del cribado neonatal de la fibrosis quistica

en Espafia. Espafa: Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacion de Tecnologias Sanitarias, 2012.



RESEARCH

10

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Castilla I, Vallejo-Torres L, Couce M, et al. Coste-efectividad del cribado
neonatal de la deficiencia de acil-CoA deshidrogenasa de cadena muy
larga (VLCADD). Esparia: Ministerio de Sanidad, Servicios Sociales

e Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacion de Tecnologias Sanitarias, 2014.

Castilla I, Vallejo-Torres L, Couce M, et al. Costeefectividad del cribado
neonatal de la deficiencia primaria de carnitina. Espafia: Ministerio
de Sanidad, Servicios Sociales e Igualdad. Servicio de Evaluacion del
Servicio Canario de la Salud. Informes de Evaluacién de Tecnologias
Sanitarias, 2014.

Castilla I, Valcarcel-Nazco C, Vallejo-Torres L, et al. Andlisis coste-
efectividad del cribado neonatal de la enfermedad de células
falciformes. Espafa: Ministerio de Sanidad, Servicios Sociales e
Igualdad. Servicio de Evaluacion del Servicio Canario de la Salud.
Informes de Evaluacién de Tecnologfas Sanitarias, 2013.
Vallejo-Torres L, Castilla I, Dulin-liguez E, et al. Costeefectividad

del cribado neonatal de la tirosinemia tipo I. Espafa: Ministerio de
Sanidad, Servicios Sociales e Igualdad. Servicio de Evaluacion del
Servicio Canario de la Salud. Informes de Evaluacién de Tecnologias
Sanitarias, 2013.

UK National Screening Committee. Expanded Newborn Screening
Evaluation. Policy review process summary. UK National Screening
Committee, 2014.

Kuhara T. Present Status of Expanded Newborn Screening Project

for Inborn Errors of Metabolism by Tandem Mass Spectrometry. [In
Japanese.] Nihon Eiseigaku Zasshi 2014;69:60-7 4.

Kemper AR, Green NS, Calonge N, et al. Decision-making process

for conditions nominated to the recommended uniform screening
panel: statement of the US Department of Health and Human Services
Secretary’s Advisory Committee on Heritable Disorders in Newborns
and Children. Genet Med 2014;16:183-7. doi:10.1038/gim.2013.98
Bocchini ). 22g11.2 Deletion Syndrome Decision Letter. Secretary’s
Advisory Committee on Heritable Disorders in Newborns and
Children, 2012.

Advisory Committee on Heritable Disorders and Genetic Diseases

in Newborn and Children. Committee Report: Evidence-based
Evaluation and Decision Process for the Advisory Committee on
Heritable Disorders and Genetic Diseases in Newborn and Children: A
Workgroup Meeting Summary. ACHDGDNC, 2006.

Perrin JM, Knapp AA, Browning MF, et al. An evidence development
process for newborn screening. Genet Med 2010;12:131-4.
doi:10.1097/GIM.0b013e3181d28eb1

Moorthie S, Cameron L, Sagoo G, et al. Birth prevalence of five
inherited metabolic disorders. A systematic review. PHG Foundation,
2013.

Autti-Ramo I. HTA on neonatal screening for rare metabolic disorders
faced misconceptions and blurred objectivity. Finland: Finohta,
Undated.

Howell R. Fabry Disease Decision Letter. Advisory Committee on
Heritable Disorders in Newborns and Children, 2008.

Brameld K. Framework for adding new conditions to the Newborn
Screening protocol. Office of Population Health Genomics,
Government of Western Australia Department of Health, 2006.
Knapp A, Metterville D, Kemper A, et al. Evidence Review: Hemoglobin
H Disease. MGH Center for Child and Adolescent Health Policy, 2010.
Howell R. Hemoglobin H Disease Decision Letter. Secretary’s Advisory
Committee on Heritable Disorders in Newborns and Children, 2010.
Bocchini ). Universal Pre- Discharge Bilirubin Screening Assay
(Hyperbilirubinemia/Kernicterus) Decision Letter. Secretary’s Advisory
Committee on Heritable Disorders in Newborns and Children, 2012.
Knapp A, Metterville D, Co J, et al. Evidence review: Neonatal
Hyperbilirubinemia. Mass General Hospital for Children, 2012.
Yamaguchi S. Newborn screening in Japan: restructuring for the new
era. Ann Acad Med Singapore 2008;37 (Suppl):13-5.

Yamaguchi S, Mushimoto Y, Taketani T. Expanded newborn mass
screening with MS/MS and medium-chain acyl-CoA dehyrogenase
(MCAD) deficiency in Japan. / Jap Soc Mass-screening 2013;23:270-6.
De Laet C, Hanquet G, Hendrickx E. Synthesis: Multi Criteria

Decision Analysis To Select Priority Diseases For Newborn Blood
Screening. Belgian Health Care Knowledge Centre, 2016.

De Laet C, Hanquet G, Hendrickx E. Report: Multi Criteria

Decision Analysis To Select Priority Diseases For Newborn Blood
Screening. Belgian Health Care Knowledge Centre, 2016.

Howell R. Krabbe Disease Decision Letter. Secretary’s Advisory
Committee on Heritable Disorders in Newborns and Children, 2010.
Haute Autorité de Santé. Evaluation a priori de l'extension

du dépistage néonatal a une ou plusieurs erreurs innées du
meétabolisme par la technique de spectrométrie de masse en tandem
en population générale en France 1er volet: dépistage du déficit en
MCAD. Argumentaire. Haute Autorité de Santé, 2011.

Haute Autorité de Santé. Recommendations for the expansion

of newborn screening to MCAD* deficiency. Summary of Public
Health Recommendations.// Recommandations pour lextension

du dépistage néonatal au déficit en MCAD. Syntheses des
recomendations en sante publique. Haute Autorité de Santé, 2011.

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

Dezateux C. Newborn Screening for Medium Chain Acyl CoA
Dehydrogenase Deficiency (MCADD): An appraisal against National
Screening Committee Criteria. United Kingdom, 2006. http://legacy.
screening.nhs.uk/policydb_download.php?doc=495

Calonge N, Green NS, Rinaldo P, et al, Advisory Committee on
Heritable Disorders in Newborns and Children. Committee report:
Method for evaluating conditions nominated for population-based
screening of newborns and children. Genet Med 2010;12:153-9.
doi:10.1097/GIM.0b013e3181d2af04

Kemper A. Newborn Screening for Mucopolysaccharidosis Type

1 (MPS |): A Systematic Review of Evidence. Report of Final

Findings. Duke University, 2015.

Serrano-Aguilar P, Castilla-Rodriguez I, Vallejo-Torres L, et al. Neonatal
screening in Spain and cost--effectiveness. Expert Opin Orphan
Drugs 2015;3(9). doi:10.1517/21678707.2015.1074072.
Seoane Mato D, Queiro Verdes T, Atienza Merino G, et al. Cribado
neonatal del déficit de biotinidasa. Espafia: Red Espafiola de
Agencias de Evaluacion de Tecnologias y Prestaciones del

SNS. Agencia de Evaluacion de Tecnologfas Sanitarias de Galicia.
Informes de Evaluacion de Tecnologias Sanitarias, 2014.

Queiro Verdes T. Cribado neonatal de la anemia falciforme.

Espafia: Red Espafiola de Agencias de Evaluacion de Tecnologfas

y Prestaciones del SNS. Axencia de Avaliacién de Tecnoloxias
Sanitarias de Galicia. Informes de evaluacion de tecnologias
sanitarias, 2013.

Gezondheidsraad. Stofwisselingsziekten - Achtergronddocument.
Gezondheidsraad, 2015.

Health Council of the Netherlands. Neonatal screening: new
recommendations Executive Summary. Health Council of the
Netherlands, 2015.

Gezondheidsraad. Neonatale screening: nieuwe aanbevelingen.
Gezondheidsraad, 2015.

Saugmann-Jensen P, Andresen BS, Nielsen JB, et al. Biokemisk
screening for medfadt sygdom hos nyfadte - Principper, erfaringer,
anbefalinger. Sundhedsstyrelsen, 2008.

Paz Valifias L, Atienza Merino G. Efectividad clinica del cribado
neonatal de los errores congénitos del metabolismo mediante
espectrometria de masas en tandem: Revision sistemadtica. Ministerio
de Sanidad y Consumo. Avalia-t, 2007.

Bonham J, Sharrard M, Sowter J, et al. Expanded Newborn
Screening Study, July 2012 to July 2013. Report to National
Screening Committee. NHS National Institute for Health Research,
2013.

Social Affairs and Health. STM recommends the extension of
congenital metabolic diseases screening Finland: Social Affairs and
Health; Undated. http://stm.fi/artikkeli/-/asset_publisher/stm-
suosittelee-synnynnaisten-aineenvaihduntasairauksien-seulonnan-
laajentamista.

Pampols Ros T, Terracini B, de Abajo Iglesias FJ, et al, Comité

de Etica, Instituto de Investigacion de Enfermedades Raras.
Recomendaciones sobre los aspectos éticos de los programas de
cribado de poblacion para enfermedades raras. [The ethical aspects
of population screening programme of rare diseases. (in English).]
Rev Esp Salud Publica 2010;84:121-36. doi:10.1590/S1135-
57272010000200002

Metternick-Jones SC, Lister K], Dawkins HJ, White CA,

Weeramanthri TS. Review of Current International Decision-Making
Processes for Newborn Screening: Lessons for Australia. Front Public
Health 2015;3:214. doi:10.3389/fpubh.2015.00214

Kitagawa T, Matsuda I, Aoki K, et al. A History of the Development of
Newborn Mass-screening (NBS) for Inborn Errors of Metabolism in
Japan, Undated.

Ramos Goni ), Serrano Aguilar P, Espada Saenz-Torres M, et al.
Coste-efectividad del cribado neonatal de los errores congénitos del
metabolismo mediante espectrometria de masas en tandem. Madrid:
Plan Nacional para el SNS del MSC. Servicio de Evaluacion del
Servicio Canario de la Salud. Informes de Evaluacién de Tecnologias
Sanitarias, 2008.

Paz-Valifas L, Varela-Lema L, Atienza Merino G. Cribado neonatal
de la hiperplasia suprarrenal congénita. Revision sistematica.
Espafa: Red Espafiola de Agencias de Evaluacion de Tecnologias y
Prestaciones del Sistema Nacional de Salud. Axencia de Avaliacion
de Tecnoloxias Sanitarias de Galicia. Informes de evaluacion de
tecnologias sanitarias, 2014.

Paz Valifias L. Cribado neonatal de la fibrosis quistica. Eficacia/
efectividad y protocolos de implementacion. Espafia: Red Espafola
de Agencias de Evaluacion de Tecnologias y Prestaciones del SNS.
Axencia de Avaliacion de Tecnoloxias Sanitarias de Galicia. Informes
de evaluacion de tecnologrfas, 2013.

Watson M, Mann M, Lloyd-Puryear M, et al. Newborn Screening:
Toward A Uniform Screening Panel And System. The American College
of Medical Genetics, 2006.

Howell R. Acid Sphingomyelinase Deficiency/Niemann-Pick Disease,
types A and B. Advisory Committee on Heritable Disorders in
Newborns and Children, 2008.

doi: 10.1136/bmj.k1612 | BMJ 2018;361:k1612 | the bmj



94 Chilcott ), Bessey A, Pandor A, et al. Expanded Newborn Screening For
Inborn Errors Of The Metabolism. Health Economics. School of Health
and Related Research, The University of Sheffield, 2013.

95 Canadian Task Force on the Periodic Health Examination. The
Canadian Guide to Clinical Preventive Health Care. Canadian Task
Force on the Periodic Health Examination, 1994.

96 Kemper A, Browning M. Evidence review: Pompe Disease. MGH
Center for Child and Adolescent Health Policy, 2008.

97 Howell R. Pompe Disease Decision Letter. Advisory Committee on
Heritable Disorders in Newborns and Children, 2008.

98 Kemper A. Evidence Report: Newborn Screening For Pompe
Disease. Duke University, 2013.

99 Haute Autorité de Santé. DECISION N° 2013.0174/DC/SEESP du 18
décembre 2013 du collége de la Haute Autorité de santé adoptant
le rapport d’orientation « Dépistage néonatal de la drépanocytose en
France. Pertinence d’une généralisation du dépistage a 'ensemble
des nouveau—nés». Haute Autorité de Santé, 2013.

100 Haute Autorité de Santé. Dépistage néonatal de la drépanocytose en
France. Pertinence d’une généralisation du dépistage a l'ensemble
des nouveau-nés. Haute Autorité de Santé, 2013.

101 Lipstein E, Knapp A, Perrin J. Evidence review: Severe Combined
Immunodeficiency (SCID). MGH Center for Child and Adolescent
Health Policy, 2009.

102 Antonozzi |, Alberto Burlina A, Roberto Cerone R, et al. Linee Guida
Per Lo Screening Neonatale Esteso E LaConferma Diagnostica. Italy:
Societa Italiana Studio Malattie Metaboliche Ereditarie (SISSMME),
Societa Italiana Screenings Neonatali, 2008.

103 Howell R. Spinal Muscle Atrophy Decision Letter. Advisory Committee
on Heritable Disorders in Newborns and Children, 2008.

104 Haute Autorité de Santé. Evaluation a priori de l'extension
du dépistage néonatal a une ou plusieurs erreurs innées du
métabolisme par la technique de spectrométrie de masse en
tandem en population générale en France. Haute Autorité de
Santé, 2009.

RESEARCH

105 De Laet C, Hanquet G, Hendrickx E. Multi Criteria Decision
Analysis To Select Priority Diseases For Newborn Blood Screening:
Supplement. Belgian Health Care Knowledge Centre, 2016.

106 Bundesausschuss G. Screening auf Mukoviszidose (Zystische
Fibrose). Gemeinsamer Bundesausschuss, 2015.

107 Bundesausschuss G. Tragende Griinde. zum Beschluss des
Gemeinsamen Bundesausschusses tiber eine Anderung des
Beschlusses zur Neufassung der Richtlinie (ber die Friiherkennung
von Krankheiten bei Kindern bis zur Vollendung des 6. Lebensjahres
(Kinder-Richtlinie): Screening auf Mukoviszidose (Zystische
Fibrose). Gemeinsamer Bundesausschuss, 2015.

108 Bundesausschuss G. Beschluss des Gemeinsamen Bundesausschusses
liber eine Anderung des Beschlusses zur Neufassung der Richtlinie iiber
die Fritherkennung von Krankheiten bei Kindern bis zur Vollendung
des 6. Lebensjahres (Kinder-Richtlinie): Screening auf Mukoviszidose
(Zystische Fibrose). Gemeinsamer Bundesausschuss, 2004.

109 Oxman AD, Fretheim A, Schiinemann HJ, SURE. Improving the use of
research evidence in guideline development: introduction. Health Res
Policy Syst 2006;4:12. d0i:10.1186/1478-4505-4-12

110 Antman EM, Lau J, Kupelnick B, Mosteller F, Chalmers TC. A
comparison of results of meta-analyses of randomized control
trials and recommendations of clinical experts. Treatments for
myocardial infarction. JAMA 1992;268:240-8. doi:10.1001/
jama.1992.03490020088036

111 Sackett DL. Rules of evidence and clinical recommendations on
the use of antithrombotic agents. Chest 1989;95(Suppl):25-4S.
10.1378/chest.95.2_Supplement.2S

112 Hoffmann TC, Del Mar C. Clinicians’ Expectations of the Benefits
and Harms of Treatments, Screening, and Tests: A Systematic
Review. JAMA Intern Med 2017;177:407-19. d0i:10.1001/
jamainternmed.2016.8254

113 Tricco AC, Cardoso R, Thomas SM, et al. Barriers and facilitators
to uptake of systematic reviews by policy makers and health care
managers: a scoping review. Implement Sci 2016;11:4.

Supplementary information: additional material

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe




