Eur Radiol (2011) 21:2083–2090
DOI 10.1007/s00330-011-2160-0

BREAST

Effect of radiologist experience on the risk of false-positive
results in breast cancer screening programs
Raquel Zubizarreta Alberdi & Ana B. Fernández Llanes & Raquel Almazán Ortega &
Rubén Roman Expósito & Jose M. Velarde Collado & Teresa Queiro Verdes &
Carmen Natal Ramos & María Ederra Sanz & Dolores Salas Trejo &
Xavier Castells Oliveres & and the CFPR (Cumulative False Positive Risk) group(1)
Received: 15 December 2010 / Revised: 14 March 2011 / Accepted: 11 April 2011 / Published online: 4 June 2011
# European Society of Radiology 2011

Abstract
Objectives To evaluate the effect of radiologist experience
on the risk of false-positive results in population-based
breast cancer screening programmes.
Methods We evaluated 1,440,384 single-read screening mammograms, corresponding to 471,112 women aged 45–69 years
participating in four Spanish programmes between 1990 and
2006. The mammograms were interpreted by 72 radiologists.
Results The overall percentage of false-positive results was
5.85% and that for false-positives resulting in an invasive
procedure was 0.38%. Both the risk of false-positives
overall and of false-positives leading to an invasive
procedure significantly decreased (p<0.001) with greater
reading volume in the previous year: OR 0.77 and OR 0.78,
respectively, for a reading volume 500–1,999 mammograms and OR 0.59 and OR 0.60 for a reading volume of
>14,999 mammograms with respect to the reference
category (<500). The risk of both categories of falsepositives was also significantly reduced (p<0.001) as
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radiologists’ years of experience increased: OR 0.96 and
OR 0.84, respectively, for 1 year’s experience and OR 0.72
and OR 0.73, respectively, for more than 4 years’ experience with regard to the category of <1 year’s experience.
Conclusion Radiologist experience is a determining factor in
the risk of a false-positive result in breast cancer screening.
Keywords Breast neoplasm . Mass screening .
Mammography . False-positive reactions .
Observer variation

Introduction
Biannual mammographic screening in women aged 50–
69 years is widely recognised to reduce breast cancer mortality
by an estimated 24–29% [1–3]. Evidence of the effectiveness
of this preventive technique is that most European countries
have breast cancer screening programmes, although organ-
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isational models differ [4]. However, screening is not free
from adverse effects, one of the most frequent and important
being the risk of a false-positive result. The specificity of
mammography is limited and further examinations, sometimes invasive, that do not reveal malignancy are not
infrequent. The risk of a false-positive result has been
estimated to vary within a range between 20% and 50%
for women participating in ten screening rounds, i.e. women
participating in biannual screens between the ages of 50 and
69 years, as recommended by the European Union Recommendations [5–7]. False-positive results are influenced by
multiple factors. Some are associated with women’s characteristics such as age, breast density, a history of breast
disease, etc. and cannot be modified [8–10]. However,
others, including the number of views, type of reading and
radiologist experience, can potentially be modified and
should be taken into account when establishing organisational models in screening programmes [11].
The effect of radiologist experience on the false-positive
rate has been little studied and the results obtained to date are
contradictory. Some studies suggest that higher reading
volume reduces this rate and provides greater diagnostic
accuracy, improving the sensitivity and specificity of mammography [12–14]. However, this association has not been
found by other authors, who have concluded that the
radiologist effect reflects a complex, multifactorial process
[15–17]. Importantly, many of these studies were not
performed in the context of population-based programmes
but under experimental conditions and sometimes included
screening and diagnostic mammograms randomly selected by
several radiologists and with a proportion of tumours in the
sample that sometimes reached 43% [14, 16, 17], thus failing
to reflect normal reading conditions in screening programmes.
In Spain and most other European countries, breast
cancer screening programmes are population-based and
follow the European Guidelines For Quality Assurance in
Mammographic Screening, which stipulate that radiologists
must interpret a minimum of 5,000 screening mammograms
yearly to ensure quality [4, 18, 19].
The aim of this study was to evaluate the effect of
radiologist experience on the risk of a false-positive result
in population-based breast cancer screening programmes.
Other factors that could also influence this risk, such as
women’s characteristics and protocol-related factors, were
also taken into account.

Materials and methods
Design
Information was retrospectively available from a cohort of
women participating in four Spanish population-based

Eur Radiol (2011) 21:2083–2090

breast cancer screening programmes. This information
corresponded to the subset of screening mammograms
interpreted by a single reading, extracted from the database
of the Cumulative False-Positive Risk (CFPR) Project. This
project is a publicly-funded research study performed by the
Carlos III Health Institute and includes information on ten
Spanish screening programmes. The organisational characteristics of these programmes differ somewhat, such as the
type of reading (single or double) and the age range of the
target population (from 45 years in some programmes and
from 50 years in others), but all the programmes have
features in common such as biannual screening, all evaluate
their results following the indicators and standards proposed
by the European Guidelines. Of the ten regional programmes
participating in the project, we selected those that systematically identified the reading radiologist and used single
reading as one of its reading methods. Four of these
programmes met this requirement, although all four used
both single and double reading. Only examinations with a
single reading were selected since, for the present study,
false-positive results could not be attributed to a specific
radiologist when double reading was used.
The study period was from March 1990 to December
2006 and the study population consisted of women aged 45
to 69 years participating in at least one screening round.
The radiologist did not know that this study was ongoing
provided that the information was obtained retrospectively.
At each screening, the following information on the
mammography examination was available: type of reading
and its result, number of views (one or two), mammogram
type (analog or digital, the latter being considered only if
performed and read in a digital format), the participant’s
age, screen type (first or successive screen) and the
radiology unit, i.e. where the mammogram was performed;
the code identifying the radiologist(s) interpreting the
mammogram; its result; information on additional procedures performed (invasive or non-invasive) and the final
result of the screen, i.e. the absence or presence of
histopathologically confirmed cancer. In addition, to take
the period effect into account, the date when the mammogram was performed was used, grouped by two-yearly
periods. In the successive screen the previous studies were
available.
Study population
The initial study population consisted of 1,657,288
screening mammograms corresponding to 497,597 women. The number of excluded women and mammograms
and the reasons for exclusion are shown in Fig. 1. The
final sample consisted of 1,440,384 single-read mammograms corresponding to 471,112 women who participated
in at least one round of the four selected programmes.
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Fig. 1 Initial study population, final sample, number of excluded women and mammograms with the reasons for exclusion

Definition of a false-positive result
Three possible results were considered: negative (recommendation of routine screening examination at 2 years),
positive (additional procedures were required to exclude
malignancy) and short interval follow-ups (women requiring an intermediate mammogram at 6 or 12 months before
the routine screening interval). Short interval follow-ups
were not considered as false-positive results, unless they led
to further assessment with a negative result. Indication of a
repeat mammogram due to inadequate technical quality was
not considered a positive result.
A false-positive result was defined as the absence of
histologically confirmed breast cancer after a positive
screening mammogram and additional procedures. Falsepositive results were divided into two types: (i) overall
false-positive results, consisting of mammograms requiring
additional assessment of any type (invasive and/or noninvasive) to exclude malignancy and (ii) false-positive
results leading to at least one invasive procedure.
Measurement of radiologist experience
Two variables were used to determine radiologist experience at each reading: (i) reading volume in the previous
year as a measure of recent experience and (ii) length of
service in the breast cancer screening programme as a
measure of cumulative experience. Because experience is
constantly modified over time, each radiologist’s experience was recalculated for each mammogram interpreted.
The reading volume attributed to each radiologist refers to

the mammograms read by the same radiologist within the
screening program in the 365 days before the examination
under consideration, independently of whether the examination was single- or double-read. Double-read mammograms were not included in the sample but were included as
radiologist experience. Annual reading volume was divided
into the following six categories: less than 500, 500–1,999,
2,000–4,999, 5,000–9,999, 10,000–14,999 and more than
14,999. The cut-off points selected in our study to evaluate
reading volume in the previous year ranged from less than
500 to more than 15,000. No other cut-off points were
found in the literature that could be used as a reference and
the choice of these limits allowed us to evaluate the effect
of radiologist experience on false-positive results, both for
very small and for large reading volumes. These limits also
allowed us to determine whether the greater the radiologist’s experience of reading mammograms, the greater the
reduction in the risk of false-positive results. Length of
service in the screening programme was divided into less
than 1 year, 1, 2, 3 or 4 years and more than 4 years. Only
years in which radiologists interpreted at least 500 mammograms were included.
Statistical analysis
Two multilevel logistic regression models were performed,
one with each of the measures of radiologist experience as
the main explanatory variable: reading volume in the
previous 365 days and the number of years’ experience as
a reading radiologist. The dependent variable was the falsepositive result. The adjustment variables were those that
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could influence false-positive results: the number of views
(one or two), mammogram type (analogue or digital),
screen type (first or successive), period when the screening
mammogram was performed, and the participant’s age. As
a random effect, the radiology unit where the mammogram
was carried out was included to control for the correlation
among mammograms from units with distinct characteristics. The multilevel model was specifically used to take
this random effect into account.
For the statistical analysis, the GLIMMIX module of
version 9.1 of the SAS statistical package was employed.
Validation of the model was based on deviance and on
Akaike’s information criterion.

Results
Of the total number of mammograms analysed, 385,436
were first screens and 1,054,948 were successive screens.
Mammograms corresponding to these screens were read by
72 radiologists from 19 radiological units in the four
screening programmes selected for the study.
During the study period, there were 84,320 screening
mammograms with a false-positive result (total falsepositive results 5.85%); of these, 5,435 led to an invasive
assessment (false-positive results leading to an invasive
procedure 0.38%).
Table 1 shows the percentages of overall false-positive
results, false-positive results leading to an invasive
assessment and the number of examinations for each
of the categories of the following variables: reading
volume in the previous year, the radiologist’s years of
experience in the programme, number of views, mammogram type, screen type and participant’s age. All the
variables studied in the univariate analysis statistically
significantly (p < 0.001) influenced the percentage of
overall false-positive results and of false-positive results
leading to an invasive assessment. The percentage of
mammography examinations with false-positive results
leading to some type of further assessment varied from
7.16% to 4.94% according to the radiologist’s experience
measured by reading volume in the previous year; the
highest percentage of false-positive results was found for
mammograms read by radiologists with the least experience. For the distinct categories of length of radiologist
experience in the screening programme, the range of
mammograms with a false-positive result leading to some
type of further assessment varied from 7.58% for
radiologists with less than 1 year’s experience to 4.92%
for those with more than 4 years’ experience. The same
tendency was observed for false-positive results leading to
an invasive procedure in both measures of radiologist
experience.

Eur Radiol (2011) 21:2083–2090

The results of the univariate and multivariate analyses to
evaluate the risk of false-positive results associated with
reading volume in the previous year and the radiologist’s
length of service in the programme are shown in Tables 2
and 3. The results were analysed separately for false-positive
results leading to further assessment of any type and falsepositive results leading to an invasive procedure and were
expressed as crude (OR) risks and risks adjusted by variables
that might have influenced false-positive results.
The risk of a false-positive result significantly decreased
with increasing reading volume in the previous year when
adjusted by the participant’s age, screen type, number of
views, mammogram type, radiology unit and the period
effect. This tendency decreased from the reference category
(less than 500 readings in the previous year) to the highest
category (more than 14,999) and affected both overall falsepositive results and false-positives leading to an invasive
procedure. The reduction in the risk of overall false-positive
results was more evident after the category of 10,000–
14,999 mammograms in the previous year, with no overlap
with the confidence intervals of the OR with the previous
category (Table 2). The risk of a false-positive result
leading to an invasive assessment was also reduced by a
higher reading volume in the previous year and with a
magnitude similar to that found for overall false-positive
results: OR 0.60 (95% CI 0.51 to 0.70) for the category of
more than 14,999 readings in the previous year compared
with the category of less than 500 readings per year.
Longer experience in the screening programme also
statistically significantly reduced the frequency of overall
false-positive results and false-positives resulting in an
invasive test, although to a lesser extent. A decreasing
tendency was observed for overall false-positive results
after the first year of experience but the greatest risk
reduction was found in radiologists with more than 4 years’
experience: OR 0.72 (95% CI 0.70 to 0.74). For falsepositives leading to an invasive procedure, no clear
tendency was observed among the distinct categories of
years of experience, and the 95% CI of the OR overlapped;
however, overall, radiologists’ years of experience also
reduced the risk of a false-positive result compared with
mammograms interpreted by radiologists with less than
1 year’s experience in the programme (Table 3).

Discussion
The results obtained in this study show how radiologist
experience reduces the risk of false-positive results, both
overall and those leading to an invasive procedure. Once the
two measures of radiologist experience were adjusted by other
variables, that which most reduced the frequency of a falsepositive result was reading volume in the previous year.
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Table 1 Percentage of overall false-positive (FP) results, according to variables influencing these results
Number of examinations (%)

Mammograms read in the previous
365 days
0–499
500–1,999
2,000–4,999
5,000–9,999
10,000–14,999
>15,000
Length of radiologist experience
in the programme
<1 year
1 year
2 years
3 years
4 years
>4 years
Number of views
One
Two
Mammogram type
Analogue
Digital
Women’s age
44–49
50–54
55–59
60–64
65–69
Screen type
First
Successive
a

p<0.001
31,527
101,981
196,420
337,032
363,087

(2.2)
(7.1)
(13.6)
(23.4)
(25.2)

7.16
5.32
4.83
6.92
6.50

(6.87,
(5.18,
(4.73,
(6.83,
(6.42,

% FP resulting in an invasive
procedure (95% CIa)
p<0.001

7.44)
5.45)
4.92)
7.00)
6.58)

0.62
0.46
0.42
0.49
0.33

(0.53,
(0.41,
(0.39,
(0.47,
(0.31,

0.71)
0.50)
0.45)
0.51)
0.34)

410,337 (28.5)

4.94 (4.87, 5.00)
p<0.001

0.27 (0.26, 0.29)
p<0.001

138,737
200,368
208,723
157,782
141,932
592,824

7.58 (7.44,
7.78 (7.66,
5.70 (5.60,
5.97 (5.85,
5.44 (5.32,
4.92 (4.87,
p<0.001
8.36 (8.28,
4.66 (4.62,

0.73 (0.69,
0.54 (0.51,
0.31 (0.29,
0.38 (0.35,
0.35 (0.31,
0.27 (0.26,
p<0.001
0.24 (0.23,
0.44 (0.43,

(9.6)
(13.9)
(14.5)
(11)
(9.9)
(41.2)

463,759 (32.2)
976,625 (67.8)
1,404,446 (97.5)
35,938 (2.5)

years
years
years
years
years

% overall FP (95% CIa) p value

290,413
348,750
345,162
311,433
144,626

(20.2)
(24.2)
(24)
(21.6)
(10)

385,436 (26.8)
1,054,948 (73.2)

p<0.001
5.93 (5.89,
3.01 (2.83,
p<0.001
9.41 (9.30,
6.33 (6.25,
4.68 (4.61,
4.26 (4.19,
3.81 (3.71,
p<0.001
9.37 (9.27,
4.57 (4.53,

7.72)
7.89)
5.80)
6.08)
5.56)
4.98)
8.44)
4.71)
5.97)
3.18)
9.51)
6.41)
4.75)
4.33)
3.91)
9.46)
4.61)

p<0.001
0.38 (0.37,
0.21 (0.17,
p<0.001
0.69 (0.66,
0.41 (0.39,
0.28 (0.26,
0.25 (0.23,
0.19 (0.16,
p<0.001
0.76 (0.73,
0.24 (0.23,

0.78)
0.57)
0.34)
0.41)
0.38)
0.28)
0.26)
0.45)
0.39)
0.26)
0.72)
0.43)
0.30)
0.26)
0.21)
0.79)
0.25)

CI Confidence Interval

A decreasing tendency in the risk of overall falsepositive results was found as the reading volume in the
previous year increased. Specific estimations of risk
revealed a cut-off point above 10,000 readings in the
previous year, with a lower limit of the confidence interval
that did not overlap with any of the categories of less than
10,000 readings per year. The reduced risk of a falsepositive result with greater reading volume was also
observed with a similar magnitude for false-positives
resulting in an invasive procedure but without a clearly
differentiated cut-off point, as the confidence intervals of
the OR overlapped between categories.
To a lesser extent than reading volume, radiologists’
length of service in the screening programme also reduced
the risk of a false-positive result. As with reading volume in

the previous year, this reduction was of a similar magnitude
for overall false-positive results and for false-positives
leading to an invasive procedure. However, with overall
false-positive results, the risk tended to decrease as the
radiologist’s length of service in the programme increased,
which was reflected in smaller confidence intervals for the
OR with little overlap between categories.
These results agree with those of other authors who
found a reduced false-positive rate with greater radiologist
experience measured as reading volume in the previous
year [12, 13]. Smith-Bindman found wide variability in
false-positive results among radiologists, with those reading
between 2,500 and 4,000 mammograms per year, having
approximately 50% fewer false-positive results than those
interpreting between 481 and 750 mammograms yearly
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Table 2 Effect of reading volume in the previous 365 days on the risk of overall false-positive (FP) results and FP results leading to an invasive
procedure
Reading volume in
the previous year

Overall FP

FP resulting in an invasive procedure

Univariate
analysis
(OR, 95% CIa)

p

Multivariateb
analysis
(OR, 95% CIa)

p

Univariate
analysis
(OR, 95% CIa)

0–499
500–1,999

Ref
0.77 (0.73, 0.81)

<0.001

Ref
0.77 (0.73, 0.81)

<0.001

Ref
0.79 (0.67, 0.93)

2,000–4,999
5,000–9,999
10,000–14,999
>15,000

0.70
0.74
0.61
0.54

<0.001
<0.001
<0.001
<0.001

0.71
0.76
0.62
0.59

<0.001
<0.001
<0.001
<0.001

0.76
0.71
0.50
0.53

a

(0.66,
(0.71,
(0.58,
(0.52,

0.73)
0.79)
0.64)
0.57)

(0.68,
(0.72,
(0.59,
(0.57,

0.75)
0.80)
0.65)
0.62)

(0.65,
(0.61,
(0.42,
(0.46,

0.90)
0.83)
0.58)
0.63)

Multivariateb
analysis
(OR, 95% CIa)

p

0.006
0.001
<0.001
<0.001
<0.001

p

Ref
0.78 (0.66, 0.92)
0.78
0.75
0.56
0.60

(0.66,
(0.64,
(0.47,
(0.51,

0.92)
0.87)
0.65)
0.70)

0.004
0.003
<0.001
<0.001
<0.001

CI Confidence Interval

b

Adjusted by women’s age, screen type (first or successive), number of views (1 or 2), mammogram type (analogue or digital) period effect and
radiology unit (as a random effect)

[12]. Many radiologists working in screening programmes
in Spain spend a large part of their working day interpreting
screening mammograms, which in our study was reflected
by the finding that a high percentage of screening mammograms (53.7%) were interpreted by a reading radiologist
who had evaluated more than 10,000 mammography
examinations in the previous year and 41.2% were
evaluated by radiologists with more than 4 years’ experience in the programme.
Other studies, although with aims distinct from our own,
such as evaluation of the validity of mammography as a
screening method, also found that mammographic accuracy
increased with greater radiologist experience, measured as
reading volume in the previous year [14, 20]. Other authors
also found that radiologists’ years of experience influenced
diagnostic accuracy, measured as sensitivity and specificity
and that greater experience lowered the false-positive rate

but did not find the same association with reading volume
in the previous year [21–23].
On the contrary, our results, although they also show a
direct relationship between length of experience in the
programme and a reduction in false-positive risk, establish
that this effect is of greater magnitude for reading volume
in the previous year, recent experience thus having a greater
effect than cumulative experience. However, some studies
have failed to find an association between mammographic
accuracy and reading volume or years’ experience and
conclude that increasing volume requirements or experience of interpreting mammograms is unlikely to improve
overall mammography performance [15–17].
The methodology used in other studies evaluating the
effect of radiologist experience differs from that used in the
present study. Some of these publications employed a
sample of mammograms read by two radiologists with

Table 3 Effect of radiologists’ length of experience in the screening programme on risk of overall false-positive (FP) results and FP results
leading to an invasive procedure
Years’ experience
in the programme

Overall FP
Univariate
analysis
(OR, 95% CIa)

FP leading to an invasive procedure
p

Multivariateb
analysis
(OR, 95% CIa)

p

Univariate
analysis
(OR, 95% CIa)

p

Multivariateb
analysis
(OR, 95% CIa)

p

<1
1
2

Ref
0.96 (0.94, 0.99)
0.78 (0.76, 0.80)

0.006
<0.001

Ref
0.96 (0.93, 0.99)
0.86 (0.84, 0.89)

0.002
<0.001

Ref
0.83 (0.76, 0.91)
0.54 (0.48, 0.59)

<0.001
<0.001

Ref
0.84 (0.77, 0.91)
0.62 (0.56, 0.69)

<0.001
<0.001

3
4
>4

0.73 (0.71, 0.75)
0.68 (0.66, 0.70)
0.64 (0.62, 0.65)

<0.001
<0.001
<0.001

0.86 (0.83, 0.89)
0.79 (0.77, 0.82)
0.72 (0.70, 0.74)

<0.001
<0.001
<0.001

0.61 (0.55, 0.67)
0.62 (0.55, 0.69)
0.61 (0.55, 0.67)

<0.001
<0.001
<0.001

0.77 (0.69, 0.85)
0.75 (0.67, 0.84)
0.73 (0.66, 0.80)

<0.001
<0.001
<0.001

a
b

CI Confidence Interval

Adjusted by women’s age, screen type (first, successive), number of views (1 or 2) mammogram type (analogue or digital), period effect and
radiology unit (as a random effect)
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distinct experience to compare variability in the falsepositive rate and other measures of diagnostic accuracy.
This experimental context is far removed from routine
practice in which the proportion of cases is much higher
than that found in screening programmes [14, 16, 24]. The
high prevalence of cases in the sample does not affect
sensitivity or specificity but does reduce the false-positive
rate to the extent that it affects the positive predictive value
of mammography.
Our results, in contrast, are drawn from a retrospective
cohort study analysing mammography examinations performed in routine practice in screening programmes, all of
which were population-based and had common quality
criteria defined in the European Guidelines for Quality
Assurance, thus more closely reflecting the real risk of a
false-positive result [19].
Another novel feature of this study is the distinction
made between false-positive results and false-positives
leading to an invasive procedure, given that invasive
procedures cause greater psychological distress, a higher
risk of complications due to the procedure and greater
resource utilisation than non-invasive procedures.
As expected, we found that the percentage of falsepositive results (both overall and those leading to invasive
procedures) decreased as women’s age increased. This
percentage also decreased in successive rounds compared
with the first round (Table 1). We also found that the
percentage of false-positives was greater with screen-film
than with digital mammography. Given the recent introduction of digital mammography in screening programmes,
the tendency observed in this study should be investigated
in future studies. The percentage of false-positive results
overall decreased when two views were used rather than a
single view. However, the opposite effect was found for
false-positive results leading to invasive procedures, a
finding for which we have no explanation.
Additionally, the effect of the experience-related variables studied in the univariate analysis was similar to that
observed in the multivariate analysis. This finding indicates
that radiologist experience has a clear effect on falsepositive results and is independent of the adjustment
variables (women’s age, screening type, number of views,
mammography type, radiology unit and period effect),
allowing us to state the radiologist experience per se affects
the risk of a false-positive result.
Another advantage of our study is that the measure of
radiologist experience employed was based purely on
objective data collected from screening programme databases, while most of the literature reviewed used other, less
suitable methods such as questionnaires completed by the
radiologists themselves, years of experience defined as the
number of years since the radiologist became medically
qualified or approximations according to radiologists’ age
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[21, 23]. Moreover, the length of the period evaluated,
1990–2006, allowed us to identify the evolution of
radiologists’ experience, which was recalculated for each
mammography examination studied, and to observe how
this evolution reduced the risk of a false-positive result.
While the objectivity with which experience was measured
is a strong point of our study, a weak point is that radiologist
experience outside the screening programme was not taken
into account. Thus radiologists’ overall experience in mammogram interpretation may sometimes have been underestimated. The main aim of breast cancer screening
programmes is to reduce the morbidity and mortality
associated with this disease by minimising adverse effects so
that the risk-benefit ratio is as favourable as possible. One of
the most frequent and important adverse effects of screening
programmes are false-positive results, causing women without cancer to undergo a series of additional tests, some of
which can be invasive, to exclude a diagnosis of malignancy.
This process has physical and psychological repercussions
that would have been avoided if these women had not
participated in the programme. Minimising false-positive
results should be one of the main aims of screening
programmes and consequently study of their determining
factors is essential. Identification of these factors has clear
implications for the organisational models of these screening
programmes, which should guarantee their quality.
In conclusion, the results of this study highlight the
importance of breast imaging specialists and of their length
of service in screening programmes and establish indicators
for the minimum reading volume per year. Compliance with
these indicators would help to reduce false-positive results,
thus favouring the risk-benefit ratio of these programmes.
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