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Abstract

Objective

To develop a generic scale for assessing attitudes towards genetic testing and to psycho-
metrically assess these attitudes in the context of BRCA1/2 among a sample of French gen-
eral practitioners, breast specialists and gyneco-obstetricians.

Study design and setting

Nested within the questionnaire developed for the European InCRisC (International Cancer
Risk Communication Study) project were 14 items assessing expected benefits (8 items)
and drawbacks (6 items) of the process of breast/ovarian genetic cancer testing (BRCA1/2).
Another item assessed agreement with the statement that, overall, the expected health ben-
efits of BRCA1/2testing exceeded its drawbacks, thereby justifying its prescription. The
questionnaire was mailed to a sample of 1,852 French doctors. Of these, 182 breast special-
ists, 275 general practitioners and 294 gyneco-obstetricians completed and returned the
questionnaire to the research team. Principal Component Analysis, Cronbach’s a coeffi-
cient, and Pearson’s correlation coefficients were used in the statistical analyses of col-
lected data.

Results

Three dimensions emerged from the respondents’ responses, and were classified under the
headings: “Anxiety, Conflict and Discrimination”, “Risk Information”, and “Prevention and
Surveillance”. Cronbach’s a coefficient for the 3 dimensions was 0.79, 0.76 and 0.62,
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respectively, and each dimension exhibited strong correlation with the overall indicator of
agreement (criterion validity).

Conclusions

The validation process of the 15 items regarding BRCA 1/2 testing revealed satisfactory psy-
chometric properties for the creation of a new scale entitled the Attitudes Towards Genetic
Testing for BRCA1/2 (ATGT-BRCA1/2) Scale. Further testing is required to confirm the
validity of this tool which could be used generically in other genetic contexts.

Introduction

The first genes causing susceptibility to breast/ovarian cancer (BRCA1/2 genes) were identified
approximately twenty-five years ago [1]. Since then, BRCA1/2 genetic testing has progressively
become routine clinical practice in France [2] and in other industrialized countries [3-5]. A
systematic review on risk assessment, genetic counselling, and genetic testing for BRCA-related
cancer in women was recently performed to update the U.S. Preventive Services Task Force
Recommendations (USPSTF) for care [6, 7]. One of the positive outcomes of BRCA1/2 genetic
cancer testing is that when a pathogenic germline variant has been identified, surveillance and
preventive strategies can reduce breast/ovarian cancer incidence and increase life expectancy
[7, 8]. However, while there is sufficient evidence to show the benefit of risk-reducing surgery
for breast/ovarian cancer, evidence is lacking for intensive screening [9]. Women’s behaviors
in terms of risk reduction and surveillance have been described up to 5 years after testing [10-
12]. Results from different studies have highlighted the favorable impact of genetic testing,
since the majority of those identified with BRCA1/2 mutations in those studies adopted pre-
ventive strategies, including risk-reducing surgery and/or surveillance using imaging technol-
ogies. Another major outcome of a positive mutation test is that the risk of breast cancer
running in a family can be assessed, that uncertainty regarding genetic risk can be removed,
and strategies can be implemented to protect children and future generations [13].

Some studies have shown that among the other outcomes of BRCA 1/2 genetic cancer test-
ing, breast cancer-related worry, anxiety and depression all increase in women testing positive,
and decrease in those testing negative. These findings are not consistent across all the studies
examined [7, 14]. One meta-analysis highlighted the importance of the time when such vari-
ables are measured, as the stress induced by a positive test result may decrease over time [15].
In some studies, risk perception improved after receiving test (positive or negative) results [7],
and increased in those identified as BRCA 1/2 mutation carriers who had not had risk-reducing
mastectomy 5 years after test results [10]. Other studies have pointed out the risks of familial
conflict after the disclosure of results [16, 17], and the risk of misinterpretation of results by
families [18]. From a legal point of view, many countries have enacted laws to protect individu-
als from discrimination, for example the Genetic Information Non-discrimination Act in the
United States, and the Genetic Non-Discrimination Act in Canada. In France, a law was enacted
in 2005 (2002-303 Art. L. 1141-1), which prohibits health and life insurance companies as well
as employers from using genetic information based on an ‘analysis of genetic characteristics’ to
the detriment of carriers. However, a study conducted among French unaffected BRCA1/2 car-
riers pointed out that the risk of occupational discrimination may nonetheless exist [19]. The
negative concerns highlighted above might counterbalance the positive outcomes of testing,
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resulting in a reduced desire by members of families who already have a history of breast cancer
to go for testing.

In parallel, the attitude of primary care providers towards risk assessment and genetic test-
ing has been described as a key determinant of how women approach testing and clinical man-
agement. One study showed that almost half of the women who considered clinical testing for
BRCA 1/2 mutations wanted to have their primary doctor’s opinion first [20]. Other studies
have highlighted disparities in the recommendations—largely attributable to physicians—pro-
vided to women as regards BRCA1/2 testing [20-23]. The attitudes of primary care providers
towards surveillance and prophylactic surgery have also been described as important in the
management of identified BRCA1/2 mutation carriers. A study among newly diagnosed breast
cancer patients carrying a BRCA1/2 mutation demonstrated that physicians’ recommendations
influenced their decision to undergo a contralateral prophylactic mastectomy [24]. Moreover,
one international study found considerable differences between different countries in physi-
cians’ attitudes towards prophylactic mastectomy [23]. This heterogeneity in attitudes would
suggest differences in the counselling provided to patients concerning prophylactic surgery
and BRCA1/2 genetic testing.

Since primary care providers refer high-risk populations to genetic cancer testing clinics, it
is important to describe their overall assessment (i.e., positive or negative) of the testing pro-
cess. To our knowledge, little information is currently available on this subject. Furthermore,
no instruments have as yet been developed to evaluate each of the process’s specific expected
benefits and drawbacks. Developing and validating such an instrument would enable interna-
tional comparison, as well as the study of changes over time of stakeholders’ perceptions of
genetic cancer testing.

Our primary objective therefore was to develop a generic scale for assessing attitudes towards
genetic testing, and to psychometrically assess these attitudes in the context of BRCA1/2 among a
sample of French general practitioners, breast specialists and gyneco-obstetricians. Accordingly,
we named the scale the “Attitudes Towards Genetic Testing for BRCA1/2 (ATGT-BRCA1/2)
Scale”.

Materials and methods
The InCRIisC study

The International Cancer Risk Communication Study (InCRisC) is a multicenter European
research project describing cancer risk communication practices and the management of
familial breast cancer in primary care. It was carried out in 2010 in four European countries
(France, Germany, the Netherlands and the UK). Questionnaires taking approximately 25
minutes to complete were mailed to a sample of general practitioners (GP) and breast special-
ists (BS) in each of these four countries. The French sample also included gyneco-obstetricians
(GO) as they are very involved in patient referral for genetic cancer testing in France. The
study’s methodology was reviewed and approved by the German Federal Ministry of Educa-
tion and Research “Ethical, Legal and Social Implication of Biomedical Research” program,
which also funded the project. A detailed description of the study design has been published
elsewhere [23].

French data

Only data from completed French questionnaires were considered for the present work. The
list of French doctors for inclusion in InCRisC was generated using simple random sampling
from the database of the technology and services company CEGEDIM (“Centre de Gestion, de
Documentation, d’Informatique et de Marketing”): GP (N = 750), BS (N = 352) and GO
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(N = 750). Practitioners who did not have at least one encounter with a breast cancer patient
during the year prior to the survey were excluded from the analysis.

Questionnaire

The InCRisC questionnaire collected data on personal (gender, age) and occupational charac-
teristics (number of years working in specialized field, number of medical students in practice,
area of practice). GP were also asked approximately how many patients consulted them per
week, while BS and GO were asked about the number of newly diagnosed breast cancer
patients who had consulted them during the previous year.

Nested in the questionnaire were 15 items, developed by international experts in the
BRCA1/2 genetic testing field who are all co-authors of this manuscript (GE, HH, AT, CA, JS,
IN, CJR), to evaluate attitudes towards BRCA1/2 genetic testing. The first 14 assessed positive
(8 items) and negative (6 items) expected outcomes of BRCA1/2 genetic testing. The last
assessed overall agreement with the statement that the expected health benefits of BRCA1/2
testing exceeded the drawbacks, thereby justifying its prescription (Table 1). All 14 positive/
negative items were worded in such a way that they could be answered by practitioners,
patients and the general population. Only one item (number 7) was worded specifically for
BRCA1/2 genetic testing. These choices in wording were made in order for these items to be
easily reusable in other genetic testing contexts.

Statistical analysis

Principal component analysis. Principal Component Analysis was first carried out on
data from doctors who answered all 14 positive/negative items. The aim of this analysis was to
investigate the patterns underlying doctors’ responses to the items and extract independent
dimensions that might explain most of the variance in the sample.

In line with Kaiser’s criterion, only dimensions with eigenvalues >1 were selected.

A factorial analysis with an orthogonal rotation (Varimax) was performed to simplify the
interpretation of the results obtained for the selected dimensions. The rates of variance explained
by them were determined and factor loading values verified. Only items with a factor loading
>|0.40| on a single dimension were selected for inclusion in the new scale.

Scale quality criteria. Dimensions were selected using Principal Component Analysis.
Each was associated with a different number of the questionnaire’s 14 positive/negative items
and was used to define a sub-scale. The score obtained for each sub-scale was computed by
summing the answers to the particular items associated with that dimension: for the 8 positive
benefit items (items 1 to 8), scores for answers were as follows: not at all beneficial = 0; slightly
beneficial = 1; somewhat beneficial = 2; beneficial = 3; very beneficial = 4.

For the 6 negative consequence items (items 9 to 14), scores were as follows: very low/none
(likelihood) = 0; low = 1; moderate = 2; high = 3; very high = 4).

Total scores for each dimension were linearly transformed to range from 0 to 100.

In each sub-scale, the floor and ceiling effects, defined as the percentage of subjects with the
lowest and highest possible scores, respectively, were examined and compared with the 15%
threshold described as causing an abnormal score distribution [25].

The Internal Consistency method was used to assess the reliability of each sub-scale, and
Cronbach’s o coefficient was computed to establish the internal consistency of each set of
items. For each sub-scale, in order to avoid redundancy, items for which the coefficient
increased when they were removed were eliminated.

Pearson’s correlation coefficients between the dimensions were computed for each possible
pairing of the selected dimensions. In each case, the correlation coefficient was then compared

PLOS ONE | https://doi.org/10.1371/journal.pone.0178447  June 1, 2017 4/14


https://doi.org/10.1371/journal.pone.0178447

Scale for assessing attitudes towards outcomes of genetic cancer testing

PLOS |ox

)

HOO¥ L8/ 10"auod-[euinoly| g 10 1/610"10p//:sd1y

Awoyoaloydoo/Awolosisew onoejAydoud

1881 8y} Buiquosaid Asnl

o} uibiew spim Apuaiolns e Aq seouanbasuod anyebau pajoadxe

(g0¢g) 622 (1G8) r1v (c6) 69 (61 vt (e'€)Gz | 190 8L'c | Ppo2dxXa bunselZyOHd PUE [ YOH4 O sijeuaq yyeay pajoadxa ay L
‘Juswajels buimojjo} ayl yum aaibesip 1o aaibe nohk oq-gi

(%) u (%) u (%) u (%)u
(g)oasbe (2) @auby (1) @asbesig (0) @a4besip
ABuons Kbuons
(gg1) v6 (60€) 2e2 (g'82) 12 (LaL) e (021) 06 (ov)oe |02t | lege uosiad Il Ayyeay, e se uoneziyewbns |
(9G1) 211 (0°2€) ove (g22) 691 (k1) es (ev1) L01 (Lv)ge |82l | Gee abeIan0 soueINSUl Yjeay ayeAud pajw gL
(8'€2) 6.1 (0'1¥) 80€ (e91)eel (99) ev (8'8) 99 (Gv)ve |8L'L| 692 abeI18A00 BOURINSUI B PAHWI| " 2L
(6'9) 25 (8'92) 102 (8'92) 102 (8'91) 921 (L'81)9el (Lv)se |eeL| /8L saniunpoddo yuswiAoldwe payw ||
“*-ul}nsai pjnom yoiym saned paiyy Aq }nsai 19l ZyIHg 10 LyIHg annisod e jo asnsiw /asnge [eijuajod jo pooyi|ayi] ays si yeym uoiuido anoA uj
(69) vt (9°€2) 221 (gov) voe (e61) vrL (1'8) 19 (82 1z |10k 002 S}HNS®. }$8} JO 8INSOJOSIP INOJe JOI[}U0D AjiweS O}
JaoUB? }sealq JO ¥SI pasealoul pajuswnoop
(8'5€) 692 (e'15) g8¢ (z6)eL (50) ¥ (R4 (L2)9L |690| vee 8y} 0} enp aAlsod payiusp! Buieq inoge ssalisip [eolbojoydAsd 6
¢ ale bunsalzyoHg pue [ yo4g aandipald jo saouanbasuoa annebau Buimojjoy ayy Jo pooyiayi| ayi uoiuido JnoA uj
(%)u
(%) u (%) u (%) u (%)u (0)
(¥) ubry Asap | () ubIH (2) @yes9pOIN (1) moq auou/mo| A1ap
(eev) L1E (evv) eee (6°2) 69 (s (60) £ (9€) 22 | S2°0 1e€ | douUB|IOAINS pasealoul 0} anp Aouejoadxe 84| JO 8SEBIOUI [BUSIO '8
ynsai i1s8} aAsod e yum sjuaiyed
(6'72) £81 (6'7¥) L€ (g'81)6EL (L¥)se (82 L2 (ev)ee |s6'0| 882 1o} ,suondo Juswabeuew BudNpai-ysu Jo S8I0YD J8jesls) */
(eoL) 2L (2°g€e) ¥92 (0°1€) ee2 (veL) €6 (2v) g (G9)e6y | 10°L| 9g2 S[el [eo1Ul[o 0] SS899Y ‘9
(1e9) 66€ (6°2€) 582 (6°€) 62 (€02 (CXOR4 (ev)ee |v90| 6t'€ Buiues1os pue soUE||IBAINS PESESIOUI 0} SSBIDY G
(e'21)0gl (e°8€) 882 (612) 281 (6°01) 28 (0v) og (Sv)ve | ¥0'L| 252 Buluue|d Ajiwey 1o} UOIEWIOJUI JO UOISIACLH f
(Z'12) €91 (8'€9) vov (e's1) 6L (Lp) 1€ (670) 2 (ky)1e |08°0| S6'2 slaquiaw Ajiwey Jay}o 10} UOIBWIOJUI JO UOISINOIL "€
(¥°92) 861 (Z9) L1y (g2 v6 (g2 61 (00)0 (6€)62 | 12°0| 60°E USIP|IYD 10} UOIBWIOJUI JO UOISINOIL g
(Lg2) €61 (g°2v) L6¢ (o1 vel (Lv) 1e (k1) s (1'g)8e |S8°0 862 st oneush Jo Aurepsoun jo reAowsy * |
¢ PaljIIuUSPI Uda( Sey uolelnw ZyJHg 10 LyIHS e Ajiwey asoym ul Juaiied pajoayeun ue 1o} bunysal anauab annoipaid jo spyauaq jenuajod ayj ase yeym uoiuido JnoA uj
(%) u
() reroyauaq (%) u (%) u (%) u (%) u (%)
Kiap (€) leroyauag | (2) leroyouaq | (1) jetoyauaq | (0) |eroysuaq | ubuissiiy | S | uespy
jeymawosg Anubns lle1eioN way

(162 = u ‘@aueuq Hs1you|) bunsal anauab z/L yoHg spiemo} sapniipie buipiebal swall ayy Jo sonsnels aandiosaqg °| ajgel

5/14

PLOS ONE | https://doi.org/10.1371/journal.pone.0178447  June 1, 2017


https://doi.org/10.1371/journal.pone.0178447.t001
https://doi.org/10.1371/journal.pone.0178447

@° PLOS | ONE

Scale for assessing attitudes towards outcomes of genetic cancer testing

with the two associated Cronbach’s o coefficients. If the correlation coefficient was lower than
the Cronbach’s o value, the dimensions were considered to measure different aspects [26, 27].

The construct-related validity was determined by assessing each item’s convergent validity
(the correlation between an item and the dimension to which it belonged had to be greater
than 0.40) and its discriminant validity (the correlation between an item and the dimension to
which it belonged had to be greater than that obtained for the item and the other dimensions).

To determine the ability of the overall new scale (i.e. the sub-scales together) to discriminate
between doctors in terms of their attitudes to genetic testing and characteristics (gender, age
and specialty), comparisons were made with the overall indicator of agreement item (i.e., that
benefits of BRCA1/2 testing exceeded the drawbacks). Criterion validity comparisons were
made by performing analyses of variance and linear regressions, taking p-values of less than
0.05 to be statistically significant. The software package SPSS/PC version 18.0 was used to per-
form various analyses.

Results
Sample characteristics

Of the 1852 French doctors contacted by mail, a total of 751 (275 GP, 182 BS and 294 GO)
were included, giving an overall response rate of 40.5% (36.7%, 51.7% and 39.2% among GP,
BS and GO, respectively). GP and BS comprised mostly men (62.9% and 88.5%, respectively)
while GO comprised mostly women (63.9%), p<0.001. Mean age was comparable between BS
and GO (52.3 years and 51.9 years, respectively), while GP were slightly younger (48.5 years,
p<0.001).

Description of the characteristics of the 14 scale-specific positive/
negative questionnaire items

A description of the 14 scale-specific positive/negative questionnaire items is provided in Table 1.
Missing data accounted for 2.1% (“Psychological distress from being identified as a mutation car-
rier, due to increased risk of breast cancer”) to 6.5% (“Access to clinical trials”) of answers. Mean
scores were all above 2 (possible range 0 to 4), except for item 11 (“Potential abuse of results by
third party resulting in limited employment opportunities”) whose mean score was 1.87. The
highest score was 3.49 for item 5 “Access to increased surveillance and screening”.

In the subsequent analyses, the study population was reduced to the 659 doctors (87.7%)
who answered all 14 positive/negative items. These 659 doctors included a higher proportion
of GP (38.5%) and a lower proportion of GO (37.8%) than the proportion of doctors (n = 92)
who did not answer all the items (GP: 22.8%, GO: 48.9%, p = 0.01). No other difference was
found between these two groups and no difference in the proportions of respondents and
non-respondents was observed for BS.

Principal component analysis

Principal Component Analysis was conducted on the 659 doctors’ answers to the 14 positive/
negative items. Three independent dimensions with eigenvalues > 1 were identified and
selected. The various questionnaire items loaded onto each dimension had a loading factor > |
0.40|. The three dimensions selected explained 53.4% of the variance (Table 2).

Quality criteria

The first sub-scale identified included items 9 to 14 which corresponded to expected draw-
backs of genetic testing. This sub-scale was labelled “Anxiety, conflict and discrimination”.

PLOS ONE | https://doi.org/10.1371/journal.pone.0178447  June 1, 2017 6/14


https://doi.org/10.1371/journal.pone.0178447

o @
@ : PLOS | ONE Scale for assessing attitudes towards outcomes of genetic cancer testing

Table 2. Factor loading resulting from Principal Component Analysis (varimax rotation) on the 14 items comprising the scale (InCRisC France,
n = 659).

Factors Pearson correlations for convergent and
discriminant validity
Item 1 2 3 Dimension1 Dimension2 Dimension 3
1. Removal of uncertainty of genetic risk -0.02 | 0.67 | 0.18 0.03 -0.73 -0.29
2. Provision of information for children 0.07 | 0.79 | 0.28 0.10 -0.82 -0.39
3. Provision of information for other family members 0.04 | 0.78 | 0.20 0.06 -0.79 -0.34
4. Provision of information for family planning -0.05 | 0.57 | 0.38 0.08 -0.76 -0.42
5. Access to increased surveillance and screening 0.04 | 0.18 | 0.70 0.01 -0.33 -0.67
6. Access to clinical trials -0.05 | 0.22 | 0.43 -0.03 -0.26 -0.68
7. Greater choice of risk-reduction management -0.01 | 0.22 | 0.63 -0.01 -0.37 -0.71
8. Potential increase of life expectancy thanks to increased surveillance 0.09 | 0.18 | 0.73 0.05 -0.35 -0.72
9. Psychological distress at being identified as a mutation carrier, due to increased risk | 0.45 | 0.34 | -0.38 0.50 -0.07 0.04
of breast cancer
10. Family conflict about disclosure of test results 0.51 | 0.31 | -0.28 0.57 -0.06 0.01
11. .. limited employment opportunities 0.76 | 0.00 | 0.05 0.75 -0.04 -0.02
12. .. limited life insurance coverage 0.82 | -0.09 | 0.09 0.79 -0.02 0.00
13. .. limited private health insurance coverage 0.78 | -0.08 | 0.14 0.76 -0.05 -0.03
14. .. .stigmatization as a “healthy ill” person 0.78 A 0.06 -0.08 0.78 -0.03 0.03
Eigenvalue 293 | 240 | 2.15
% variance 20.94 | 17.11 | 15.33

https://doi.org/10.1371/journal.pone.0178447 1002

Cronbach’s o for this sub-scale was 0.79 (Table 3). The score obtained by summing replies
to all 6 items, and transformed in order to obtain a range of values from 0 to 100, yielded a
mean score of 59.7 (SD = 19.4). The observed range of values covered all the range of possible
values.

The second sub-scale included items 1 to 4 which corresponded to expected benefits and
was labelled “Risk Information”. The scores calculated for this second dimension ranged

Table 3. Descriptive data and reliability coefficients of the three dimensions of participants’ attitudes towards the BRCA1/2 genetic testing scale—
(InCRisC France, n = 659).

Subscale 1 Subscale 2 Subscale 3 Overall scale
Anxiety-conflict and Risk Prevention- Attitudes Towards
discrimination Information Surveillance Gene Testing for
BRCA1/2
Cronbach’s alpha 0.79 0.76 0.62 0.73
Score (mean * SD) 59.67+19.39 72.86+16.28 75.35+14.56 57.22+11.92
Median Value 62.5 75.0 75.0 56.8
Possible score range 0-100 0-100 0-100 0-100
Observed score range 0-100 18.8-100 12.5-100 19.8.3-95.3
Floor n (%) 2(0.30) 0 (0.00) 0(0.00) 0 (0.00)
Ceiling, n (%) 10 (1.52) 80 (12.14) 44 (6.68) 0 (0.00)
The expected health benefits of BRCA1 and BRCAZ2 testing mean (SD) mean (SD) mean (SD) mean (SD)
exceed anticipated negative consequences by a sufficiently
wide margin to justify prescribing the test:
Strongly disagree / Disagree 69.31 (19.03) 61.80 (19.69) 67.52 (17.54) 47.67 (12.91)
Agree 60.00 (17.94) 71.03 (15.05) 73.32(13.35) 56.09 (10.65)
Strongly agree 55.61 (21.04) 80.02 (14.30) 82.12 (12.70) 62.73 (11.16)
P-value <0.001 <0.001 <0.001 <0.001

https://doi.org/10.1371/journal.pone.0178447 1003
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from 0 to 100, with a mean score of 72.9 (SD = 16.3). Observed values ranged from 18.8 to 100.
Cronbach’s o for this second sub-scale was 0.76.

The third sub-scale was labelled “Prevention-Surveillance”, and included items 5 to 8
which also corresponded to expected benefits. These scores also ranged from 0 to 100. Mean
score was 75.4 (SD = 14.6), and observed values ranged from 12.5 to 100. Cronbach’s o for this
third sub-scale was 0.62.

No floor or ceiling effects beyond the 15% threshold were observed for the three sub-scales,
and each inter-scale correlation coefficient was lower than the corresponding Cronbach’s o
(Tables 2 and 3). In each of the three dimensions, all items met both convergent validity and
discriminant validity criteria.

The new scale which we created included all 14 positive/negative items described and ana-
lyzed above. We named it the “Attitudes Towards Gene Testing for BRCA1/2” (ATGT-
BRCA1/2) Scale”. The overall score obtained for this scale was a linear combination of the
three sub-scores, each one contributing equally [28], and transformed to obtain a range of val-
ues between 0 and 100 (i.e., (subscale scores 2+3—subscale score 1 +100)/300). An overall pos-
itive score denoted an overall positive attitude towards BRCA1/2 genetic testing. The observed
values of the score ranged from 19.8 to 95.3, with a mean value of 57.2 (SD = 11.9). No floor or
ceiling effects were observed and Cronbach’s o was 0.73.

Criterion validity

Fifty-five point one percent and 30.5% of doctors, agreed and strongly agreed, respectively,
with the statement that the expected health benefits of BRCA1/2 genetic testing exceeded
expected drawbacks by a sufficiently wide margin to justify prescribing the test (Table 1). Only
11.1% disagreed or strongly disagreed with this statement. As shown in Table 3 and in Fig 1,
this overall indicator was strongly associated with all three sub-scales, as well as with the overall
scale.

Finally, when comparing scores according to physicians’ characteristics, male physicians
scored lower on the first dimension, as well as breast surgeons (Table 4). By contrast, breast
surgeons scored higher on the third dimension, as well as on the overall scale. No characteris-
tics were associated with the second dimension.

Discussion

BRCA1/2 genetic cancer testing helps to reduce breast/ovarian cancer incidence and increase
life expectancy [7, 8]. However, concerns regarding anxiety, distress, familial conflict and/or
discrimination [7, 14-17, 19] can influence the decision to go for testing, especially in individ-
uals from families with a history of breast cancer. This decision may also be influenced by phy-
sicians’ attitudes to testing, as stressed by several studies [20-24].These considerations
highlight the importance of documenting patients’ and physicians’ attitudes to testing, espe-
cially those of primary care providers as they are the professionals who refer high-risk popula-
tions to genetic cancer testing clinics.

In the development of the new Attitudes Towards Gene Testing for BRCA1/2 (ATGT-
BRCA1/2) Scale for assessing positive and negative outcomes of BRCA1/2 genetic testing,
three dimensions were identified. One reflected the expected drawbacks of genetic testing and
two the expected benefits (a family-based dimension and a medical management dimension).
The overall scale score combined perceptions towards both positive and negative outcomes of
genetic testing. The three dimensions examined each correlated with the overall indicator. The
reliability coefficients were above 0.7 for the first and second subscales, as well as for the overall
indicator. This threshold of 0.7 is commonly recommended as being indicative of sufficient
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The expected health benefits of BRCA1 and BRCA2 testing exceed anticipated negative consequences
by a sufficiently wide margin to justify prescribing the test.

Fig 1. Distribution of the three subscales and of the overall scale by the overall indicator—(InCRisC France, n = 659).

https://doi.org/10.1371/journal.pone.0178447.9001
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Table 4. Factors associated with the three scores and the overall score of attitude towards BRCA1/2 gene testing—(InCRisC France, n = 659).

Univariate analyses

Score 1 Score 2 Score 3 Overall score
Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value
Gender 0.004 0.66 0.67 0.02
Female | 62.29 (18.84) 72.53 (16.31) 75.64 (14.31) 55.90(11.92)
Male | 13.88(19.58) 73.09 (16.28) 75.15 (14.76) 58.15(11.84)
Age -0.06* 0.11 0.05* 0.25 -0.01* 0.71 0.06* 0.11
Specialty 0.03 0.21 0.09 0.02
General Practitioner | 60.78 (18.54) 71.60 (16.54) 74.75 (13.73) 56.20 (11.21)
Breast surgeon | 56.01 (20.89) 72.80 (16.08) 77.60 (15.70) 59.60 (12.68)
Gyneco-obstetrician | 60.84 (19.05) 74.17 (16.11) 74.55 (14.56) 56.76 (11.97)
Multivariate analyses
B (SE) P-value B (SE) P-value B (SE) P-value B (SE) P-value
Gender
Female Réf
Male -3.68 (1.66) 0.03
Age
Specialty
General Practitioner Réf Réf Réf
Breast surgeon -3.85 (2.00) 0.05 2.85(1.48) 0.05 3.39(1.21) 0.01
Gyneco-obstetrician -0.86 (1.77) 0.63 -0.21 (1.30) 0.87 0.56 (1.06) 0.60

* Pearson’s correlation coefficient.

https://doi.org/10.1371/journal.pone.0178447.1004

reliability [29]. However, in exploratory research, the acceptable threshold may be lowered to
0.6 [30-34], which means that in the present work the third subscale can also be considered as
reliable. Globally, the psychometric properties of this scale were satisfactory in terms of con-
struct validity, internal consistency and criterion validity, making it a valid tool to measure
attitudes towards genetic testing. The rates of missing data were low. The highest missing data
rate—6.5% for item 6 (positive) regarding “Access to clinical trials”—can be explained by the
fact that clinical trials cover a range of different contexts depending on the type of trial (phase
I, phase II or phase III) and on what is being evaluated [35]. Accordingly, the expected benefits
differ from one trial to the next, and inclusion does not necessarily represent hope for the
patient (for example, situations where phase I trials are proposed to patients because there is
no alternative treatment to offer them). Consequently, people may therefore find it more diffi-
cult to evaluate this item.

Few questionnaires on genetic testing currently exist. Examples are the MICRA scale (Mul-
tidimensional Impact of Cancer Risk Assessment), which evaluates the impact of disclosure
after genetic testing [36], and the PAHC questionnaire (Psychosocial Aspects of Hereditary
Cancer) [37], designed to assess problems related to cancer genetic counseling. The Impact of
Event Scale (IES) mainly focuses on psychological distress [38]. Moreover, these scales target
specific patients. On the contrary, our new scale was conceived to be as generic as possible,
and may be used for different populations, such as patients, caregivers, healthcare providers, as
well as individuals in the general population. This gives it a major advantage as attitudes may
be directly compared between different populations.

Another advantage of this new scale is that its items are not specific to BRCA 1/2 genetic
testing (except for item 7 which refers to prophylactic surgery). This was a design choice by the
developers in order to make the scale suitable for use in other genetic contexts, such as MLH1
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or MSH2, for colorectal cancer, but also for non-cancer related contexts. It may also be adapted
to new genetic testing processes. As pointed out above, only the labelling of item 7 would need
to be adapted to the specific context.

In our population of professional caregivers, the median score of the overall scale was over
50 (out of 100), which shows that BRCA /2 genetic testing was, overall, considered positively
by French physicians, especially by breast surgeons. This was consistent with the response to
item 15 of the questionnaire (i.e., the overall indicator). This result may be a little surprising
since French care providers were identified as less favorable to prophylactic mastectomy than
their UK, German and Dutch counterparts [23]. However, this fact might be explained by the
strong probability that the latter would provide an even higher score on this scale were they to
answer the same 14 items, and also because this assessment explores several different aspects
of genetic testing (i.e., more than just medical management aspects like prophylactic mastec-
tomy), thereby reflecting a more comprehensive perspective by French physicians. Accord-
ingly, the differences between countries might not be so large. The next step would be to
validate and compare the scores of physicians of the other European countries who took part
in the InCRisC study.

It would also be interesting to compare the attitudes of physicians with those of patients
who have BRCA1/2 gene mutations. One may hypothesize that the latter would have higher
positive scores on this scale, but also higher negative scores given that it is they who physically
undergo the test.

Studying changes over time in attitudes to testing among BRCA 1/2 mutation carriers but
also among physicians and the general population might also be an interesting perspective.
The new tool proposed here might also be sensitive to possible future evolutions in attitudes,
either positive or negative, as genetic testing techniques are improved.

Moreover, a future step in the implementation of this tool would be to determine informa-
tive thresholds for each dimension which could then be used when applying this scale. This
would help evaluate which of the three dimensions would most determine an individual’s
overall attitude towards genetic testing.

Some study limitations have to be acknowledged.

First, the questionnaire response rate obtained was low despite the reminders made by mail
and telephone. It is very probable that a large proportion of the physicians who agreed to
answer the questionnaire had extreme positive or negative opinions towards genetic testing.
Therefore, the low response rate certainly reduces the possibility of generalizing the results, as
it lacks the views of physicians with moderate opinions. Second, validation was performed on
the physicians who answered all 14 positive/negative items. Comparisons with physicians who
did not answer all 14 items showed that the proportion of GO in the former group was higher.
Moreover, it remains uncertain if a net positive score on our scale can be translated into actual
endorsement of genetic testing and/or referral of patients for genetic counseling or testing.
This will have to be analyzed in further studies. Finally, before using this instrument in other
settings, further research should be performed to validate this three-dimensional scale in other
populations, in BRCA1/2 carriers in particular, and in genetic contexts outside BRCA1/2.
Despite these limitations, this new tool provides a novel means to measure physicians’ assess-
ment of the expected benefits and drawbacks of BRCA 1/2 genetic cancer testing.

Further studies are required to assess the possibility of extending the present results to other
contexts. The scale we developed may be adapted to other genetic contexts, and administered to
other sub-populations, patients, providers and general populations. The work described here is
the first step in the validation of this scale. Further research is now required to confirm the
validity of the findings obtained for the three subscales by applying this tool to other popula-
tions in other settings.
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