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Abstract

Background: Targeted surveillance of at-risk individuals in families with increased risk of hereditary cancer is an
effective prevention strategy if relatives are identified, informed and enrolled in screening programs. Despite the
potential benefits, many eligible at-risk relatives remain uninformed of their cancer risk. This study describes the
general public’s opinion on disclosure of hereditary colorectal cancer (CRC) risk information, as well as preferences
on the source and the mode of information.

Methods: A random sample of the general public was assessed through a Swedish citizen web-panel. Respondents
were presented with scenarios of being an at-risk relative in a family that had an estimated increased hereditary risk
of CRC; either 10% (moderate) or 70% (high) lifetime risk. A colonoscopy was presented as a preventive measure.
Results were analysed to identify significant differences between groups using the Pearson’s chi-square (χ2) test.
Results: Of 1800 invited participants, 977 completed the survey (54%). In the moderate and high-risk scenarios, 89.2 and
90.6% respectively, would like to receive information about a potential hereditary risk of CRC (χ2, p = .755). The desire to
be informed was higher among women (91.5%) than men (87.0%, χ2, p = .044). No significant differences were found
when comparing different age groups, educational levels, place of residence and having children or not. The preferred
source of risk information was a healthcare professional in both moderate and high-risk scenarios (80.1 and 75.5%).
However, 18.1 and 20.1% respectively would prefer to be informed by a family member. Assuming that healthcare
professionals disclosed the information, the favoured mode of information was letter and phone (38.4 and 33.2%).

Conclusions: In this study a majority of respondents wanted to be informed about a potential hereditary risk of CRC and
preferred healthcare professionals to communicate this information. The two presented levels of CRC lifetime risk did not
significantly affect the interest in being informed. Our data offer insights into the needs and preferences of the Swedish
population, providing a rationale for developing complementary healthcare-assisted communication pathways to realise
the full potential of targeted prevention of hereditary CRC.
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Cancer prevention, Colorectal cancer

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: Carolina.hawranek@umu.se; carolina.hawranek@umu.se
1Department of Radiation Sciences, Umeå University, Umeå, Sweden
Full list of author information is available at the end of the article

Andersson et al. Hereditary Cancer in Clinical Practice           (2020) 18:18 
https://doi.org/10.1186/s13053-020-00151-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s13053-020-00151-0&domain=pdf
https://orcid.org/0000-0003-3840-1451
https://orcid.org/0000-0003-2218-6881
https://orcid.org/0000-0002-5589-3622
https://orcid.org/0000-0002-1689-0648
https://orcid.org/0000-0003-0661-8269
https://orcid.org/0000-0002-9982-3757
https://orcid.org/0000-0001-6079-164X
https://orcid.org/0000-0002-2618-7358
https://orcid.org/0000-0003-2441-2395
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Carolina.hawranek@umu.se
mailto:carolina.hawranek@umu.se


Background
Colorectal cancer (CRC) is one of the most common can-
cers in both sexes, and the second leading cause of cancer
death in Sweden [1]. Approximately 3% of CRC cases are
attributed to pathogenic variants in mismatch repair genes
causing Lynch syndrome [2], resulting in up to 70% lifetime
risk of developing CRC [3]. Targeted surveillance in high-
risk families has been shown to reduce both cancer morbid-
ity and cancer mortality [3, 4]. Additionally, individuals with
no detected pathogenic germline variant, but doubled CRC
risk (familial CRC) are recommended colonoscopy surveil-
lance. Regular colonoscopies offered to at-risk individuals
have been reported to reduce CRC-related morbidity and
mortality by 43–80% and 65–81% respectively [5].
In Sweden and most other countries, the prevailing prac-

tice is to encourage the proband (the first individual receiv-
ing genetic counselling in a family) to pass on information
regarding cancer risk and preventive measures to their at-
risk relatives [6]. However, the responsibility to inform at-
risk relatives is sometimes burdensome [7]. Several factors
have been identified as potential barriers to information
spreading. These include conflicts within the family, unwill-
ingness to upset others, selective informing, lack of infor-
mation, misunderstandings and forgetfulness [8–11].
The success of targeted cancer prevention through sur-

veillance programmes is dependent on effective disclosure
of correct information to individuals at risk [12]. Without
clear information, individuals are denied the possibility of
making an informed decision about predictive testing and
potential pursuit of preventive measures. Previous studies
have indicated a high interest to undergo genetic testing
for hereditary CRC among the public [13, 14]. Despite
this, the actual uptake of predictive testing has been re-
ported to vary widely with most studies finding less than
half of eligible at-risk relatives being tested [15, 16]. For
those at risk of familial CRC, the uptake of surveillance
colonoscopy has been reported to be only 34% [5]. Besides
the individual benefit of a surveillance programme, the
cost-effectiveness of such programmes is directly linked to
the amount of identified at-risk relatives who enter sur-
veillance presymptomatically [17, 18].
In this study we explore the general public’s opinion

and interest in receiving, and disclosing hereditary CRC
risk information. We also investigate preferences for the
source and the mode of communicating this information.

Methods
Setting
Healthcare expenditure in Sweden is mainly financed by
taxes. Regional authorities are responsible for funding
and providing healthcare services, while responsibility
for overall health policies are managed on a national
level [19]. Access to healthcare is heavily subsidised or
free for the individual citizen. Patient fees are regulated

to a maximum total cost of €122 (SEK 1100) per person
for (public) healthcare annually. Nationwide, there are
specialised hereditary cancer clinics in six regions, offer-
ing genetic counselling, in Sweden called a family inves-
tigation or hereditary cancer investigation. This services
include genetic testing or risk assessment based on fam-
ily history and referrals to surveillance programmes or
risk reducing surgery.

Sample and data collection
Data collection was conducted through a national re-
search infrastructure administered by the Laboratory of
Opinion Research (LORE) at the University of Gothen-
burg in Sweden. Respondents (n = 1800), pre-stratified
by age, sex and education, were recruited from a random
probability-based sample (approximately 9000 individ-
uals) of the general Swedish population. For full details
see Technical report Citizen Panel 31–2018 [20]. Data
collection was conducted between the 12th of September
and the 7th of October, 2018, during which two re-
minders were sent to non-responders, 6 and 14 days
after the survey was first distributed. Responses with
missing data were discarded from analysis (n = 13).

Questionnaire design
The questionnaire was designed and revised through a
number of steps. After a literature review, we incorporated
qualitative data from a parallel explorative study using
focus group discussions (unpublished work, manuscript in
writing). Four sessions were conducted with participants
recruited by a mix of convenient sampling and snowball
samling from different social contexts. The participants
(n = 15) consisted of 6 men and 9 women, aged 29–64 and
level of education ranging from nine-years of primary
school to undergratuate degree. We used a semi-
structured interview guide with open probing questions
and scenario-based questions. Preliminary results on
topics raised by participants guided the selection and
phrasings of questions in the draft for the survey. The first
draft of the questionnaire was reviewed by experts in nurs-
ing, clinical genetics, ethics, and oncology. The resulting
second draft was tested in a brief pilot study (n = 25). Pilot
participants consisted of 11 men and 14 women, aged 21–
74 and level of education ranging from nine-years of pri-
mary school to undergraduate degree. Participant feed-
back led to editing and rephrasing of questions to improve
readability, accessibility and understanding. The final 24-
items for this study were administered in Swedish. A
translated version is available in Additional file 1.

Measures
The questionnaire presented scenarios with adjacent
multiple-choice questions requiring one checkbox response
per question, or in some items a text answer option. Each
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scenario also contained an open-ended comment box as a
final item. Four scenarios positioned the respondent in a
fictional situation of belonging to a family with an increased
risk for CRC, focusing on the participant’s opinion on re-
ceiving, and passing on, CRC risk information (Fig. 1). Two
of the scenarios described a familial cancer situation, where
the lifetime risk of CRC was presented as being around
10% (moderate risk). The two other scenarios described a
Lynch syndrome situation with hereditary CRC where the
lifetime risk was presented to be around 70% (high risk).
Each of the four scenarios consisted of six items.

Questions explored whether the respondents themselves
would like to be informed about a potential hereditary
risk of CRC and if they would like their at-risk relatives
to be informed. Also, preferences concerning the source
of information (healthcare, relative or other) and mode
of information (such as letter, phone, digitally or other)
were also explored. Sociodemographic factors, such as
age, sex and level of education, were obtained directly
from LORE. Other parameters like personal cancer his-
tory and place of residence were obtained from add-
itional self-reported demographic questions.

Statistical analysis
Questionnaire data was compared at the group level, and
the distribution of categorical variables was summarized
as counts and proportions. Preferences on being informed
and disclosing information to a relative were originally
captured with 4 predetermined response alternatives. “No,

absolutely not” and “No, I don’t think so” was clustered as
“No” and the response alternatives “Yes, I think so” and
“Yes, absolutely” was clustered as “Yes”. Internal nonre-
sponses are presented in the analysis. Comparisons of pro-
portions were made with the Pearson’s chi-square (χ2)
test. Multivariable logistic regression was conducted to
control for sex, age, educational level, country of birth,
place of residence, having children or not, household sta-
tus and personal cancer history. All analyses were carried
out using the statistical software R, version 3.5.2 [21].. The
significance threshold was set at p < .05.

Ethical considerations
Participation in the Citizen Panel was voluntary, and
panellists were free to leave the panel at any time. The
panellists did not receive any financial incentives for
their participation. We provided contact details to the
research team in case the content of the questionnaire
would induce any cancer worry. The authors only re-
ceived anonymous survey data and all personal informa-
tion was stored in encrypted files handled by staff at
University of Gothenburg. This study was approved by
the Regional Ethical Review Board in Umeå.

Results
Of 1800 subjects invited, 990 respondents participated.
Thirteen responses were excluded due to missing data.
Nine hundred seventy-seven respondents completed the
survey, and were included in the analysis, resulting in a

Fig. 1 Schematic order of scenarios in the survey. Figure 1 shows the outline of scenarios in the order presented to respondents in the survey.
First, the two moderate risk scenarios were presented with accompanying questions from the perspective of an at-risk relative or proband. After
this, two new scenarios were presented, this time with a high risk of hereditary CRC, again with questions asked from two
alternating perspectives
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participation rate of 54%. Table 1 shows a comparison of
characteristics in the general Swedish population (aged
18–74), the invited sample, and the study population.
Older age, being born in Sweden, higher educational
level and having children were associated with a higher
response rate, making these groups overrepresented in
the sample.

Opinion on receiving risk information
The proportion of respondents wishing to be informed
of a potential risk of hereditary CRC was 89.2% when
answering as an at-risk relative in a family with a moder-
ate risk of CRC (grey bars, Fig. 2). In the scenario where
the respondents were presented with a high risk of CRC,
90.6% wished to be informed (black bars, Fig. 2). The
two levels of presented cancer risk did not significantly
affect the preference to be informed (χ2, p = .33).

Subgroup analysis showed that a higher proportion of
women (91.5%) wanted to be informed about a moder-
ately increased risk as compared to men (87.0%, χ2, p =
.04). No significant difference was seen between groups
regarding age, educational level, country of birth, place
of residence, having children or not, household status
and personal cancer history (Table 2). We performed
the same subgroup analysis for the scenario of belonging
to a family with high risk of CRC which showed similar
results (data not shown). In the logistic regression
adjusting for age, educational level, country of birth,
place of residence, having children or not, household
status and personal cancer history, differences between
sexes was unsignificant (p = .0594).

Opinions on disclosure of risk information
The proportion of respondents wanting their relatives to
be informed about a potential moderate risk of CRC was

Table 1 Distribution of characteristics in the general population, sample and participating respondents

Subgroup Population Swedena Sample Respondents Chi-square testb

N % N % N %

Sex Female 10,720,875 51 890 49 461 47

Male 10,422,378 49 910 51 516 53

NA 0 0 0 0 0 0 0.198

Age 18–29 4,688,303 22 386 21 131 13

30–39 3,776,820 18 334 19 150 15

40–49 3,919,526 19 324 18 167 17

50–59 3,742,675 18 242 13 158 16

60–69 3,408,365 16 304 17 209 21

70–74 1,607,564 8 210 12 162 17

NA 0 0 0 0 0 0 < 0.01**

Educationc Low 13,369,759 61 744 41 392 39

Middle 3,127,872 14 538 30 313 32

High 4,763,310 22 449 25 266 27

NA 514,046 2 69 4 6 1 < 0.01**

Country of birthd Sweden 16,725,884 79 1543 86 899 92

Other 4,417,369 21 138 7 68 7

NA 0 0 119 7 10 1 < 0.01**

Childrene Yes 10,289,146 49 996 55 637 65

No 10,811,546 51 721 40 333 34

NA 42,561 0 83 5 7 1 < 0.01**

Total – 21,143,253 – 1800 – 977 –

Shows the distribution of key characteristics among the Swedish general population (left columns), the invited sample (middle columns) and participating
respondents (right colums). Notes about sub-groups presented:
aSwedish population data retrieved from publicly available reports by Statistics Sweden (SCB). We used data of the sum total of individuals aged 18–74 years
residing in Sweden between the years 2015–2017 as comparison. Population numbers for having children are based on data with “children residing in the
household”, in contrast with our respondent data based on the question “do you have children or not?”
bChi-square tests compared population with respondents
cEducation levels clustered into Low (some elementary or high school education), Middle (post-secondary education < 3 years) or High (3 years of post-secondary
education or more)
dSelf-reported country of birth with response options; Sweden, Europe or Outside Europe
eRespondents’ answers to the question; “Do you have children?”
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90.2% (grey bars, Fig. 3). In the scenario with a high risk
of CRC, 88.8% of respondent wanted their relatives to be
informed (black bars, Fig. 3). The two risk levels did not
significantly affect the preference to have their relatives
informed (χ2, p = .755). Subgroup analysis detected a dif-
ference between sexes in the moderate risk scenario;
93.3% of women wanted their relatives to be informed,
compared to 87.4% of men (χ2 p = .024, Table 2). No sig-
nificant difference was seen between groups regarding
age, educational level, country of birth, place of resi-
dence, having children or not, household status and per-
sonal cancer history. We performed the same subgroup
analysis for the scenario with high risk of CRC which
showed similar results (data not shown). The gender dif-
ference in desire to inform relatives remained significant

when we adjusted for age, educational level, country of
birth, place of residence, having children or not, house-
hold status and personal cancer history in a multivari-
able logistic regression (p = .0260).

Preferred source of cancer risk information
When answering as an at-risk relative in a family with
moderate risk, 80.1% of respondents preferred healthcare-
mediated disclosure of information. 18.1% would rather
receive the information from a family member (grey bars,
left side, Fig. 4). When answering as a proband, 57.7% se-
lected healthcare as the preferred mediator of risk infor-
mation. 39.0% preferred to disclose risk information by
themselves (grey bars, right side, Fig. 4).

Fig. 2 Proportion of responses in the two scenarios of being an at-risk relative. The bars show percentage distribution of respondents reported
preferences when answering as an at-risk relative in a family with either moderate (grey bars) or high risk of hereditary CRC (black bars)
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Table 2 Respondents’ preferences on the disclosure of risk information in the scenario of moderate CRC risk

Group Subgroup As relative: Want to receive
information about a potential
hereditary CRC risk

Chi-square testa As proband: Want relatives to
be informed about their
potential hereditary CRC risk

Chi-square testa

Yes No NA p-value Yes No NA p-value

Sex Women N 422 39 0 430 28 3

% 91.5 8.5 0 93.3 6.1 0.7

Men N 449 65 2 451 52 13

% 87.0 12.6 0.4 87.4 10.1 2.5

0.04* 0.02*

Age 18–39 N 253 26 2 255 17 9

% 90.0 9.3 0.7 90.7 6.0 3.2

40–59 N 291 34 0 291 29 5

% 89.5 10.5 0 89.5 8.9 1.5

60–74 N 327 44 0 335 34 2

% 88.1 11.9 0 90.3 9.2 0.5

0.58 0.34

Educationb Low N 348 43 1 349 33 10

% 88.8 11 0.3 89.0 8.4 2.6

Middle N 278 34 1 280 28 5

% 88.8 10.9 0.3 89.5 8.9 1.6

High N 240 26 0 246 19 1

% 90.2 9.8 0 92.5 7.1 0.4

0.87 0.69

Country of birthc Sweden N 806 91 2 811 75 13

% 89.7 10.1 0.2 90.2 8.3 1.4

Other N 57 11 0 61 5 2

% 83.8 16.2 0 89.7 7.4 2.9

0.18 0.98

Place of residence City N 674 81 1 686 59 11

% 89.2 10.7 0.1 90.7 7.8 1.4

Rural N 194 22 1 192 21 4

% 89.4 10.1 0.5 88.5 9.7 1.8

0.92 0.45

Childrend Yes N 565 71 1 573 55 9

% 88.7 11.1 0.2 90.0 8.6 1.4

No N 300 32 1 302 25 6

% 90.1 9.6 0.3 90.7 7.5 1.8

0.53 0.64

Single householde Yes N 150 19 1 152 14 4

% 88.2 11.2 0.6 89.4 8.2 2.4

No N 705 83 1 714 65 10

% 89.4 10.5 0.1 90.5 8.2 1.3

0.89 1.00

Personal cancer historyf Yes N 76 7 0 80 3 0

% 91.6 8.4 0 96.4 3.6 0

No N 773 90 1 783 76 5
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The two high-risk scenarios revealed a similar distribu-
tion of preferences regarding the source of information
(black bars, Fig. 4). We found no significant differences
regarding the preferred source of information between
different sexes, age groups, educational level, place of
residence, having children or not, household status and
personal cancer history (data not shown).

Preferred mode of communication
If a healthcare professional would deliver information on
a moderate risk of CRC, respondents would prefer to re-
ceive information through a letter (38.4%) or a telephone
call (33.2%, Fig. 5). The response alternative “other” was
preferred among 11.4%. When specified in the com-
ments, a majority (106 out of 111) expressed that they
would instead prefer some sort of face-to-face meeting
or consultation with a healthcare professional. The dis-
tribution of preferences was similar in the high-risk sce-
nario. If a relative would deliver the information about a
moderate risk of CRC in the family, the preferred mode
of communication was a personal meeting (58.2%),
followed by telephone (24.0%), letter (5.9%), digitally
(6.7%), other (1.1%), NA (4.0%).

Discussion
To explore public opinion on the disclosure of genetic
risk information we used scenarios presenting respon-
dents with hypothetical scenarios of belonging to a fam-
ily with two different levels of increased risk of CRC.

People want to be informed
A majority of the respondents in our moderate and
high-risk scenarios would want to receive information
about a potential risk of CRC. In a recent Danish study,
Petersen et al. reported that 82% in a population survey
wished to obtain personal CRC risk information [22]. In
a British survey, 91% wanted to be contacted about a
“preventable and fatal disease” [23]. Thus, a growing

body of evidence [22–26], including this study, suggests
that a majority of the public has a strong preference to
be informed about possible hereditary cancer risk, and
some even advocate for breaching of confidentiality if
the proband does not consent to disclosure [23, 25].
In our study, women expressed more interest in re-

ceiving information than men, but the association was
only significant in univariate analysis and not when ad-
justed for other factors. No other factor was found to
significantly affect preferences, including the level of dis-
ease risk (moderate or high lifetime risk of CRC). Previ-
ous studies have shown varying results regarding
gender-specific preferences. Wolff et al. found gender to
have a small but significant effect on the willingness to
be informed or not [25]. Overall, the desire to be in-
formed, and to disclose risk information, seem to be pri-
marily modulated by context factors such as the
treatability of disease [23, 25], seriousness of disease
[23], accuracy of tests and privacy issues [14], rather
than characteristics of respondents. This study used spe-
cific CRC-scenarios, thus keeping several of the deter-
mining factors above constant. For instance treatability
and seriousness of disease was the same throughout all
scenarios, allowing us to assess factors such as risk levels
and privacy preferences in detail within this context.

People want their relatives to be informed
Intention to disclose risk information to relatives was
high in our study; 90.2% of respondents wanted their rel-
atives to be informed in the moderate risk scenario, and
88.8% in the high-risk scenario. Nevertheless, research
has shown that in real life family-mediated disclosure of
risk information is not very effective [27]. Daly et al.
showed that 80% of probands in their study reported
disclosure to at least one first-degree relative [9]. But
when researchers contacted relatives for follow-up, 22%
of the relatives said that they had in fact never received
any information. Roshanai et al. also report on follow-up

Table 2 Respondents’ preferences on the disclosure of risk information in the scenario of moderate CRC risk (Continued)

Group Subgroup As relative: Want to receive
information about a potential
hereditary CRC risk

Chi-square testa As proband: Want relatives to
be informed about their
potential hereditary CRC risk

Chi-square testa

% 89.5 10.4 0.1 90.6 8.8 0.6

0.70 0.13

Total N 871 104 2 881 80 16

% 89.2 10.6 0.2 90.2 8.2 1.6

Shows respondents’ detailed characteristics versus reported preferences on the disclosure of risk information when answering as a proband, or an at-risk relative,
belonging to a family with a moderately increased hereditary risk of CRC (10% lifetime risk)
aChi-square tests compared proportions in the different groups
bEducation levels clustered into Low (some elementary or high school education), Middle (post-secondary education < 3 years) or High (3 years of post-secondary
education or more)
cSelf-reported country of birth with response options; Sweden, Europe or Outside Europe
dAs per response to the question; “Do you have children?”
eHousehold status “single” corresponds to residing alone currently
fHaving a current or past cancer diagnosis classified as yes, no previous or known cancer classified as no.
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of family-disclosure; 73% of probands reported inform-
ing at least one at-risk relative. But when probands were
asked for permission to contact relatives, only about half
provided contact information, and half of the contacted
relatives accepted to participate in the study [28]. Of
those who agreed to participate, around half intended to
seek genetic counselling themselves.
The strong preferences to inform relatives can be seen as

a sign of good intentions. However, as previous literature
show, family-mediated disclosure can lead to inaccurate in-
formation or misunderstandings. In an observational study,
Jacobs et al. showed that relatives who receive information
from the proband alone recalled significantly less accurate
information than relatives who received information from

several sources, such as from genetic clinics [29]. Therefore,
while it is clear that people generally want to be informed,
and want their relatives to be informed, the question of de-
signing a supportive and effective practice to reach eligible
at-risk relatives still remain to be answered.

Healthcare the preferred source of information
If another family member had undergone genetic counsel-
ling, revealing a potential hereditary risk of CRC for rela-
tives, the majority of respondents in our sample would
prefer healthcare professionals to communicate the risk
information (answering as the relative). In Denmark, a re-
cent study similarly showed that 66% of respondents pre-
ferred a letter from healthcare over information from a

Fig. 3 Proportion of responses in the two scenarios of being a proband. The bars show the percentage disctribution of respondents’ reported
preferences when answering as a proband in a family with either moderate lifetime risk (grey bars) or high life time risk of CRC (black bars)
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family member [22]. In our study, the proportion of re-
spondents favoring healthcare-mediated disclosure was
even higher (80.1 and 75.5%, moderate and high risk
respectively).
Interestingly, healthcare-mediated dislosure was also

the most attractive option when respondents answered
in the role of being the proband passing on information.
However, here the numbers are lower (57.7 and 58.3%),

indicating that these two opposing roles (at-risk relative
vs. proband) do affect people’s preferences on how the
information should be mediated. The prevailing view in
the literature is that probands favour family-mediated
risk disclosure, but desire active support from healthcare
professionals, as described in a recent review by van den
Heuvel et al. [30]. Our data including both perspectives
(of being a relative and a proband), although in a ficional

Fig. 4 Proportion of responses on preferred information source. The bars show percentages of responents’ preferences on whom they would
want their relatives received risk information from, and who they themselves would prefer to receive risk information from. Grey bars show
responses from the moderate lifetime CRC risk scenarios and black bars show reponses from the high lifetime CRC risk scenarios
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situation, supports the notion that acceptance for health
care assisted risk disclosure seems to be high. It remains
to be seen if these contradicting results reflect a current
shift in the public opinion or differences between na-
tionalities or cultural contexts.

There is an ongoing debate over whether healthcare
professionals should take on a more proactive role in the
disclosure of genetic information to at-risk relatives [30–
32]. Studies which have evaluated a more proactive ap-
proach with information letters sent directly to at-risk

Fig. 5 Preferred mode of risk information (in healthcare-assisted scenario). Bars show percentage distribution of respondents’ preferred way to
receive risk information given the scenario that disclosure was handled by a healthcare professional. Pre-selected response options included
“letter”, “phone”, “digitally” or “other”. a The response alternative “other” was an open-ended option where 106 of 111 respondents in some way
described a personal meeting or counselling session as the preferred mode of information
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relatives have reported a significant increase, in some
cases doubling, in the numbers of relatives who seek
genetic counselling and testing [33, 34].
In a few countries, healthcare professionals are ex-

pected to act proactively when needed. Direct contact
between healthcare professionals and at-risk relatives is,
for example, sanctioned by the legal system in Australia
in special cases [35]. In France, the legal changes enacted
between 2011 and 2013 now make probands legally re-
quired to disclose relevant information if a relative is at
risk for a hereditary disease. The counselee is given two
options; either to disclose positive test results them-
selves, or to let healthcare professionals contact their at-
risk relatives in their place [36].

Preferred mode of communication
The majority of respondents chose letter or phone as pre-
ferred mode of communication if information would be
delivered from healthcare professionals. The respondents
who selected the open-ended option “other” (10.3 and
11.4% in the two risk scenarios) commented that they
would prefer a personal consultation or meeting. In this
question, we purposefully chose to exclude a pre-defined
response option with “a personal meeting” since in clinical
practice, personal counselling would still require a first
contact (by letter or phone) in which the reason for the
consultation must be given. Previous studies show that “a
personal meeting” is reported as the most attractive option
if such a response alternative is offered [37].
Some research on direct letters to relatives has re-

cently been published [22, 38]. In France, Zordan et al.
evaluated templates for letters sent directly from health-
care to previously uncontacted at-risk relatives. They
conclude that despite initial feelings of anxiety, the un-
derstanding and reported motivation to seek counselling
in individuals who were successfully contacted was high.
However, the authors call for more research on follow-
up and quantification of actual testing uptake following
such direct contact approaches [38]. In Denmark, Peter-
sen et al. report that unsolicited information letters were
supported by 82% of the general population, and 78% of
at-risk relatives. 90% of family members preferred a let-
ter to no information and 66% preferred information
from healthcare over family-mediated information [22].

Methodological considerations
A number of limitations need to be considered when inter-
preting this data. We used an electronic survey format
which could affect the selection of respondents. Individuals
with limited computer literacy, limited Swedish language
skills or lower health literacy may be underrepresented.
Research on online questionnaire respondents however
does suggest that respondents are comparable with those
responding to traditional data collection methods e.g.

postal questionnaires [39–41]. To collect data representa-
tive of the Swedish general population, we recruited re-
spondents from a probability-based sample and pre-
stratified respondents by age, sex and educational level.
The higher response rate in some subgroups made some
characteristics (like higher age and education) more com-
mon in our sample (Table 1). Interpretations concerning
individuals with lower education, younger age and those
not born in Sweden should therefore be made with cau-
tion. Non-response may also have contributed to selection
bias, but since our survey was part of a series of question-
naires it is unlikely that non-respondents were affected by
the topic investigated. The response rate in our subsample
of the citizen panel (54%) was close to the overall response
rate of the full panel (57%) [20].
Contextual aspects specific for this population, such as

social culture, family dynamics and high trust in the health-
care system, limit the generalization of our results to other
countries. Our study was performed in a Scandinavian
country with heavily subsidised, general access to public
healthcare. Opinions in countries with larger out-of-pocket
expenditure and differing societal values may differ. For in-
stance, a population-based study in the US, on the related
topic “interest in genetic testing for hereditary risk of CRC”
reported personal cost and privacy as the most important
determinants of respondents willingness to undergo genetic
testing [14]. The decision to undergo a genetic test is a
closely related, but not an identical concept to the one in-
vestigated in our study. A decision about testing will in
practice first require risk information disclosure by some-
one. Public opinion on genetic testing can however be sus-
pected to be closely associated with public opinion on risk
information disclosure.
Whether our results are transferable to a real-life set-

ting also depend on the differences between being ex-
posed to a hypothetical research situation or dealing
with the equivalent real-life situation. Wolff et al. re-
ported a disparity between the general public and pa-
tients who had received genetic counselling concerning
hereditary cancer in their desire to be informed about
the existence of hereditary conditions within their fam-
ily. Both groups wanted to be informed, but patients
were more positive towards being informed [24].

Implications
As genetic testing becomes more frequent in clinical
practice, the number of actionable solicited and unsoli-
cited findings concerning people other than the primary
patient will increase. It is therefore likely that healthcare
professionals will more often face ethical and practical
dilemmas regarding the disclosure of hereditary risk in-
formation in the coming years. A better understanding
of the evolving opinions among the public, and thus
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potential future patients, is a good foundation for further
work in this field.
Since the cost-effectiveness of targeted surveillance

programmes depends on reaching and enrolling individ-
uals at-risk [17], future research could explore ways to
implement a more collaborative approach on risk infor-
mation disclosure. The data presented in this study add
to the body of evidence showing high acceptability for
healthcare-assisted disclosure pathways [22, 23, 32].
However, significant clinical challenges remain, such as
the limited counselling and testing resources, difficulties
in obtaining contact information to relatives and man-
aging structured follow-up. This study is part of a wider
explorative research project, and results have guided the
design of an RCT protocol (ClinicalTrials.gov Identifier:
NCT04197856). The resulting national clinical study is
currently underway, recruiting patients at four hereditary
cancer clinics in Sweden, and will compare effectiveness
between current clinical praxis and a healthcare-assisted
option offering direct contact by letter from healthcare
provider to at-risk relatives.

Conclusions
In this study, we have shown that a majority of respondent
in a Swedish population-based sample would like to receive
and disclose hereditary cancer risk information. Moreover, a
majority would prefer healthcare-mediated disclosure over
family-mediated when confronted with several hypothetical
disclosure scenarios on genetic CRC risk. When choosing
between different modes of contact, a letter was the most
favoured format, closely followed by a telephone call.
Considering the benefits of early cancer prevention, the

unsatisfactory results with family-mediated disclosure, and
the emerging evidence on public opinion and patients’
preferences, we believe there is an imperative to identify a
feasible and acceptable praxis for healthcare-assisted dis-
closure of genetic information to at-risk relatives.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13053-020-00151-0.

Additional file 1. Questionnaire on hereditary cancer risk disclosure
(LORE, citizen panel, wave 31, block 5, q96-q127). This additional file con-
tains a complete transcript of the survey questions used to generate the
data for this article. The transcript is an English translation of the original
Swedish questionnaire.

Abbreviations
CRC: Colorectal Cancer; LORE: Laboratory of Opinion Research (at
Gothenburg University); NA: Not applicable

Acknowledgments
The authors would like to thank the Laboratory of Opinion Research at
University of Gothenburg for survey collaboration.

Authors’ contributions
All authors contributed to the study conception, interpretation of data and
critical revisions of the manuscript drafts. Andreas Andersson and Anna
Rosén drafted the questionnaire and piloted the survey. Barbro Numan
Hellqvist performed statistical analyses and exported graphs. Carolina
Hawranek edited illustrations and created additional artwork. Andreas
Andersson, Carolina Hawranek and Anna Rosén drafted the manuscript. All
authors have read the final version and approved it.

Funding
This study was funded by grants from Cancerforskningsfonden i Norrland
and the regional agreement between Umeå University and Västerbotten
County Council. Open access funding provided by Umea University.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author.

Ethics approval and consent to participate
This study was conducted in accordance with the ethical standards outlined
by the Helsinki declaration and its amendments or comparable ethical
standards. This study was approved by The Regional Ethical Review Board in
Umeå [Dnr 2016–345-31 and 2017–472-32 M]. Informed consent was
obtained from all individual participants included in the study.

Consent for publication
Not applicable.

Competing interests
The author(s) declare that they have no competing interest.

Author details
1Department of Radiation Sciences, Umeå University, Umeå, Sweden.
2Department of Clinical Sciences, University of Gothenburg, Gothenburg,
Sweden. 3Department of Clinical Genetics and Pathology, Laboratory
Medicine, Office for Medical Services, Region Skåne, Lund, Sweden. 4Division
of Clinical Genetics, Department of Laboratory Medicine, Lund University,
Lund, Sweden. 5Department of Historical, Philosophical and Religious Studies,
Umeå University, Umeå, Sweden. 6Department of Nursing, Umeå University,
Umeå, Sweden. 7Department of Molecular Medicine and Surgery, Karolinska
Institute, Solna, Sweden. 8Department of Clinical Genetics, Karolinska
University Hospital, Solna, Sweden.

Received: 9 October 2019 Accepted: 7 September 2020

References
1. Institute for Health Metrics and Evaluation (IHME). GBD Compare Data

Visualization. Seattle: University of Washington; 2017. Available from http://
vizhub.healthdata.org/gbd-compare. Accessed 5 July 2019.

2. Hampel H, Frankel WL, Martin E, Arnold M, Khanduja K, Kuebler P, et al.
Feasibility of screening for lynch syndrome among patients with colorectal
cancer. J Clin Oncol. 2008;26(35):5783–8.

3. Lindberg LJ, Rasmussen M, Andersen KK, Nilbert M, Therkildsen C. Benefit
from extended surveillance interval on colorectal cancer risk in lynch
syndrome. Color Dis. 2020;22(5):529–36.

4. Stupart DA, Goldberg PA, Algar U, Ramesar R. Surveillance colonoscopy
improves survival in a cohort of subjects with a single mismatch repair
gene mutation. Color Dis. 2009;11(2):126–30.

5. Dekker N, Hermens RP, Nagengast FM, van Zelst-Stams WA, Hoogerbrugge
N. Familial colorectal cancer risk assessment needs improvement for more
effective cancer prevention in relatives. Color Dis. 2013;15(4):e175–85.

6. Forrest LE, Delatycki MB, Skene L, Aitken M. Communicating genetic
information in families--a review of guidelines and position papers. Eur J
Hum Genet. 2007;15(6):612–8.

7. Gaff CL, Clarke AJ, Atkinson P, Sivell S, Elwyn G, Iredale R, et al. Process and
outcome in communication of genetic information within families: a
systematic review. Eur J Hum Genet. 2007;15(10):999–1011.

8. Finlay E, Stopfer JE, Burlingame E, Evans KG, Nathanson KL, Weber BL, et al.
Factors determining dissemination of results and uptake of genetic testing
in families with known BRCA1/2 mutations. Genet Test. 2008;12(1):81–91.

Andersson et al. Hereditary Cancer in Clinical Practice           (2020) 18:18 Page 12 of 13

http://clinicaltrials.gov
https://doi.org/10.1186/s13053-020-00151-0
https://doi.org/10.1186/s13053-020-00151-0
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare


9. Daly MB, Montgomery S, Bingler R, Ruth K. Communicating genetic test
results within the family: is it lost in translation? A survey of relatives in the
randomized six-step study. Familial Cancer. 2016;15(4):697–706.

10. de Geus E, Aalfs CM, Menko FH, Sijmons RH, Verdam MG, de Haes HC, et al.
Development of the informing relatives inventory (IRI): assessing index Patients’
knowledge, motivation and self-efficacy regarding the disclosure of hereditary
Cancer risk information to relatives. Int J Behav Med. 2015;22(4):551–60.

11. McGarragle KM, Hare C, Holter S, Facey DA, McShane K, Gallinger S, et al.
Examining intrafamilial communication of colorectal cancer risk status to
family members and kin responses to colonoscopy: a qualitative study.
Hered Cancer Clin Pract. 2019;17:16.

12. Schneider JL, Goddard KAB, Muessig KR, Davis JV, Rope AF, Hunter JE, et al.
Patient and provider perspectives on adherence to and care coordination
of lynch syndrome surveillance recommendations: findings from qualitative
interviews. Hered Cancer Clin Pract. 2018;16:11.

13. Graham ID, Logan DM, Hughes-Benzie R, Evans WK, Perras H, McAuley LM,
et al. How interested is the public in genetic testing for colon cancer
susceptibility? Report of a cross-sectional population survey. Cancer Prev
Control. 1998;2(4):167–72.

14. Knight S, Mohamed A, Marshall D, Ladabaum U, Phillips K, Walsh J. Value of
genetic testing for hereditary colorectal Cancer in a probability-based US
online sample. Med Decis Mak. 2015;35(6):734–44.

15. Menko F, Stege J, Kolk L, Jeanson K, Schats W, Moha D, et al. The uptake of
presymptomatic genetic testing in hereditary breast-ovarian cancer and
lynch syndrome: a systematic review of the literature and implications for
clinical practice. Familial Cancer. 2019;18(1):127–35.

16. Pujol P, Lyonnet DS, Frebourg T, Blin J, Picot MC, Lasset C, et al. Lack of
referral for genetic counseling and testing in BRCA1/2 and lynch
syndromes: a nationwide study based on 240,134 consultations and 134,652
genetic tests. Breast Cancer Res Treat. 2013;141(1):135–44.

17. Di Marco M, EDA, Panic N, Baccolini V, Migliara G, Marzuillo C, et al. Which
lynch syndrome screening programs could be implemented in the “real
world”? A systematic review of economic evaluations. Genet Med. 2018;
20(10):1131–44.

18. Ladabaum U, Wang G, Terdiman J, Blanco A, Kuppermann M, Boland CR, et al.
Strategies to identify the lynch syndrome among patients with colorectal
cancer: a cost-effectiveness analysis. Ann Intern Med. 2011;155(2):69–79.

19. Anell A, Glenngard AH, Merkur S. Sweden health system review. Health Syst
Transit. 2012;14(5):1–159.

20. Martinsson J, Andreasson M, Johansson J, Holgersson E. Technical report
Citizen Panel 31–2018. Gothenburg: University of Gothenburg, LORE; 2018.

21. Team RC. R: a language and environment for statistical computing; 2018.
22. Petersen HV, Frederiksen BL, Lautrup CK, Lindberg LJ, Ladelund S, Nilbert M.

Unsolicited information letters to increase awareness of lynch syndrome and
familial colorectal cancer: reactions and attitudes. Familial Cancer. 2019;18(1):43–51.

23. Heaton TJ, Chico V. Attitudes towards the sharing of genetic information
with at-risk relatives: results of a quantitative survey. Hum Genet. 2016;
135(1):109–20.

24. Wolff K, Brun W, Kvale G, Ehrencrona H, Soller M, Nordin K. How to handle
genetic information: a comparison of attitudes among patients and the
general population. Public Health Genomics. 2010;13(7–8):396–405.

25. Wolff K, Brun W, Kvale G, Nordin K. Confidentiality versus duty to inform--an
empirical study on attitudes towards the handling of genetic information.
Am J Med Genet A. 2007;143A(2):142–8.

26. Lehmann LS, Weeks JC, Klar N, Biener L, Garber JE. Disclosure of familial
genetic information: perceptions of the duty to inform. Am J Med. 2000;
109(9):705–11.

27. Sharaf RN, Myer P, Stave CD, Diamond LC, Ladabaum U. Uptake of genetic
testing by relatives of lynch syndrome probands: a systematic review. Clin
Gastroenterol Hepatol. 2013;11(9):1093–100.

28. Hayat Roshanai A, Lampic C, Rosenquist R, Nordin K. Disclosing cancer
genetic information within families: perspectives of counselees and their at-
risk relatives. Familial Cancer. 2010;9(4):669–79.

29. Jacobs C, Dancyger C, Smith JA, Michie S. Accuracy of recall of information
about a cancer-predisposing BRCA1/2 gene mutation among patients and
relatives. Eur J Hum Genet. 2015;23(2):147–51.

30. van den Heuvel LM, Smets EMA, van Tintelen JP, Christiaans I. How to
inform relatives at risk of hereditary diseases? A mixed-methods systematic
review on patient attitudes. J Genet Couns. 2019;28(5):1042–58.

31. Dheensa S, Fenwick A, Shkedi-Rafid S, Crawford G, Lucassen A. Health-care
professionals’ responsibility to patients’ relatives in genetic medicine: a

systematic review and synthesis of empirical research. Genet Med. 2016;
18(4):290–301.

32. Schwiter R, Rahm AK, Williams JL, Sturm AC. How can we reach at-risk
relatives? Efforts to enhance communication and Cascade testing uptake: a
mini-review. Curr Genet Med Rep. 2018;6(2):21–7.

33. Suthers GK, Armstrong J, McCormack J, Trott D. Letting the family know:
balancing ethics and effectiveness when notifying relatives about genetic
testing for a familial disorder. J Med Genet. 2006;43(8):665–70.

34. Sermijn E, Delesie L, Deschepper E, Pauwels I, Bonduelle M, Teugels E, et al.
The impact of an interventional counselling procedure in families with a
BRCA1/2 gene mutation: efficacy and safety. Familial Cancer. 2016;15(2):155–62.

35. Otlowski MF. Disclosing genetic information to at-risk relatives: new
Australian privacy principles, but uniformity still elusive. Med J Aust. 2015;
202(6):335–7.

36. d'Audiffret Van Haecke D, de Montgolfier S. Genetic diseases and information
to relatives: practical and ethical issues for professionals after introduction of a
legal framework in France. Eur J Hum Genet. 2018;26(6):786–95.

37. Marleen van den Heuvel L, Stemkens D, van Zelst-Stams WAG, Willeboordse F,
Christiaans I. How to inform at-risk relatives? Attitudes of 1379 Dutch patients,
relatives, and members of the general population. J Genet Couns. 2019;00:1–14.

38. Zordan C, Monteil L, Haquet E, Cordier C, Toussaint E, Roche P, et al. Evaluation
of the template letter regarding the disclosure of genetic information within
the family in France. J Community Genet. 2019;10(4):489–99.

39. Smith B, Smith TC, Gray GC, Ryan MA, Millennium cohort study T. When
epidemiology meets the internet: web-based surveys in the millennium
cohort study. Am J Epidemiol. 2007;166(11):1345–54.

40. Fleming CM, Bowden M. Web-based surveys as an alternative to traditional
mail methods. J Environ Manag. 2009;90(1):284–92.

41. West R, Gilsenan A, Coste F, Zhou X, Brouard R, Nonnemaker J, et al. The ATTE
MPT cohort: a multi-national longitudinal study of predictors, patterns and
consequences of smoking cessation; introduction and evaluation of internet
recruitment and data collection methods. Addiction. 2006;101(9):1352–61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Andersson et al. Hereditary Cancer in Clinical Practice           (2020) 18:18 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Setting
	Sample and data collection
	Questionnaire design
	Measures
	Statistical analysis
	Ethical considerations

	Results
	Opinion on receiving risk information
	Opinions on disclosure of risk information
	Preferred source of cancer risk information
	Preferred mode of communication

	Discussion
	People want to be informed
	People want their relatives to be informed
	Healthcare the preferred source of information
	Preferred mode of communication
	Methodological considerations
	Implications

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

