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Abstract
Background—Biobanks are an important resource for genetic and epidemiologic research, but
bias may be introduced if those who accept the recruitment invitation differ systematically from
those who do not in attributes important to health-related investigations. To understand potential
bias in a clinic-based biobank of biological samples, including genetic data linked to Electronic
Medical Record information, we compared patient characteristics and self-reported information
among participants, non-responders, and refusers. We also compared reasons for non-participation
between refusers and non-responders to elucidate potential pathways to reduce non-participation
and any uncovered bias.

Methods—We mailed recruitment packets to 1600 adult patients with upcoming appointments at
Mayo Clinic (Rochester, MN) and recorded their participation status. Administrative data were
used to compare characteristics across groups. We used phone interviews with 26 non-responders
and 26 refusers to collect self-reported information, including reasons for non-participation.
Participants were asked to complete a mailed questionnaire.

Results—We achieved 26.2% participation (n=419) with 12.1% refusing (n=193) and 61.8%
non-response (n=988). In multivariate analyses, sex, age, region of residence, and race/ethnicity
were significantly associated with participation. The groups differed in information-seeking
behaviors and research experience. Refusers more often cited privacy concerns while non-
responders more often identified time constraints as the reason for non-participation.

Conclusion—For genomic medicine to advance, large, representative biobanks are required.
Significant associations between patient characteristics and nonresponse, as well as systematic
differences between refusers and nonresponders, could introduce bias. Oversampling or
recruitment changes, including heightened attention to privacy protection and participation
burden, may be necessary to increase participation among less-represented groups.
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Introduction
Biobanks are an increasingly important method of collecting health-related information for
research. Some of these biobanks include access not only to a biorepository of genetic
materials, but also access to linked medical record data and self-reported health information
gathered through questionnaires. Biobanks aim to be large enough to facilitate research on a
number of diseases, some of which may have higher prevalence in certain populations.
Failure to include a large and diverse population limits researchers’ ability to use the
biobank for research that requires large numbers of samples from specific subsets of the
population. Furthermore, to the extent that characteristics of less-represented persons are
associated with disease-related genetic variants, a less-diverse collection may hamper
research in genetic links to disease or treatment.

Research relying on biobank data linked to health information, especially self-reported
questionnaire data, raises additional questions about representativeness. Like most forms of
health research, less than complete participation raises concerns over selection bias and
representation whereby those who accept the invitation to supply their health information to
a biobank may differ systematically from those who do not in terms of attributes important
to health-related investigations. Bias in questionnaire data, which may help identify
environmental or social risk factors related to health outcomes, further limits the potential of
biobanks to serve as a resource to explore the interaction of genetics, patient characteristic,
risk factors, and outcomes.

In order to understand issues related to potential bias in biobanks that would limit
representativeness, researchers must understand how patient characteristics are associated
with participation and non-participation. Prior research suggests that biobank participation
may be associated with characteristics including age and race, but there is limited research
on characteristics associated with refusal to participate compared to non-response to an
invitation to participate in a clinic-based biobank.[1–3]

To increase the numbers and diversity of samples in a biobank, researchers must further
study participant motivations and barriers to participation. People who choose to participate
in biobanks have been found to do so for a variety of reasons, including potential benefits to
self, family, or future generations, and a desire to help advance science.[4–7] Reasons for
non-participation identified by previous studies include lack of time, inconvenience, need
for a blood draw, privacy and confidentiality concerns, mistrust of institutions, and
discomfort about genetic research.[2, 5, 6, 8–11] However, much of what is known about
biobank participation is limited to people who had contact with biobank staff, i.e.
participants and active refusers, or is limited to participants versus non-participants, thereby
failing to capture differences between refusers and non-responders. The existing literature is
also somewhat limited to results based on individuals’ views of whether they would
participate in the future, rather than concurrent biobank recruitment, or to individuals being
recruited to disease-specific biobanks that may be of specific interest to a narrower pool of
potential participants. This study was designed to overcome these limitations by comparing
characteristics of participants, non-responders, and active refusers—as well as the major
reasons for not participating among the latter two groups—during actual recruitment to a
large clinic-based biobank located in Southeast Minnesota.
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Methods
Setting and participant recruitment

The Mayo Clinic Biobank is characterized as a collection of biological samples, as well as
patient-reported health information from a mailed survey and information in the Electronic
Health Record (EHR) (http://mayoresearch.mayo.edu/mayo/research/biobank/). The Mayo
Clinic Biobank is not disease-specific. It includes samples and health information from
patients and healthy volunteers age 18 and older regardless of health history. At the time of
this study, the biobank included samples and information for more than 20,000 patients
(58% female and 95% white, with a median age of 62 years). When patients consent to
Biobank participation, they agree to allow researchers to access these data for future studies
and to share data though federal de-identified biorepositories.

The biobank recruits participants by mail and through recruitment desks in two locations of
Mayo Clinic in Rochester, MN. The mail recruitment sample is randomly drawn from
patient appointment calendars, with recruitment targeted at primary care clinic
appointments. Selected individuals are sent a mailed invitation to participate in the biobank.
We limited this study to individuals recruited by mail over a one month period in August
2011. During this time period, 1600 biobank recruitment packets were mailed. The packets
included general information about the biobank, a consent form, a form to select an
incentive worth $20, a health questionnaire (containing questions about health behaviors,
environmental exposures and family health history), and instructions for providing a blood
sample. Half of the potential participants over this time period were randomized to packets
including the original consent form, and half to packets including a simplified consent form
designed specifically for this study. A study comparing participant comprehension of
informed consent information by form type is reported elsewhere.[12]

The original consent form, in use since biobank recruitment began in 2009, was developed
with input from the Mayo Clinic Biobank community advisory board (CAB). At that time
the CAB advocated for concise documents in the informed consent process, but regulatory
and institutional requirements eventually led to a longer and more detail-heavy consent form
than the one proposed. The simplified form developed for this study built on the work of
those involved in developing the original form, as well as a review of the literature on plain
language and readability in research documents, including recent work on developing
simplified consent forms.[13–20] A draft of our simplified form was reviewed by members
of the CAB and an external ethics consultant. Relative to the original form, the simplified
form was shorter (6 vs. 11 pages), used language at a lower reading-grade level (7.9 vs. 9.8),
included illustrations (4 pictures vs. none), and eliminated passive-voice sentences. Length
was shortened by reducing redundancies without sacrificing important content. All ethical
and legal requirements were still met in the simplified version of the form. The Mayo Clinic
Institutional Review Board approved this study. All patients in the recruitment pool received
a cover letter describing this study that provided them the opportunity to opt out of the
biobank, this study, or both.

Study design
The recruitment process and data collection steps are shown in Figure 1. All patients in the
recruitment pool were coded to one of three types of participation status: participant, refuser
and non-responder. Patients were considered participants for this study when they returned a
signed biobank consent form to study staff. We did not track participants to see if they
completed the eventual blood draw or the health questionnaire necessary for biobank
participation. The biobank protocol called for patients to receive a follow-up phone call at
14 days if there was no response to the recruitment packet. If there was no response after an
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additional 14 days, patients were considered to be non-responders. Patients were classified
as refusers if they checked a box on the recruitment letter indicating their desire to opt out of
the biobank and returned it to biobank staff. Patients could also opt out of this additional
study by checking another box on the recruitment letter. Recruitment status was verified for
all patients after the study period ended on December 15, 2011.

Study staff tracked the number and time of contacts and attempted contacts during
recruitment, as well as when responses were received, and this information was stored in the
study database. Patient characteristics, including age and sex, were identified from
registration records for all patients in the study.

Patients who consented to biobank participation were sent a follow-up questionnaire specific
to this study within 14 days of consent to gather information about personal characteristics
and views on research. Also assessed at this time was comprehension of information
included in the consent forms. Discussion of the results on informed consent comprehension
is presented elsewhere.[12]

Refusers and non-responders to the biobank who did not opt out of this study were contacted
by trained telephone interviewers from the Mayo Clinic Survey Research Center for a semi-
structured interview about their reasons for non-participation and to gather information
about personal characteristics and views about research. Respondents were assured that the
interviewers were not trying to change their mind but rather were simply attempting to get
information about their reasons for not participating. Interviewers used prompts to elicit
further detail on reasons for non-participation if respondents said they were too busy or did
not have time to participate. Interviewers contacted refusers and non-responders until they
completed 26 interviews in each group (with each group stratified by consent form type:
original or simplified version). Interviews were audio recorded for those patients who
provided verbal consent. (Figure 1.)

Analysis methods
Quantitative analysis—We began with comparison of basic patient characteristics and
response rates across the three groups. We compared responses on close-ended questions
from refuser and non-responder phone interviews, as well as responses to questions that
appeared in both the interview scripts and the participant questionnaire. Comparisons were
made using the t test, χ2 test, or Fisher’s exact test where appropriate.

We used multivariable linear regression to determine whether consent form type, sex, age
category, area of residence (based on the patient’s home address), and race/ethnicity were
independently associated with recruitment outcomes. A variable indicating whether the
patient received a follow-up reminder phone call was included in exploratory analyses. All
statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC). A
significance level of 0.05 was used for all statistical analyses.

Qualitative analysis—The audio files of refuser and non-responder interviews were
imported into NVivo version 9 qualitative data analysis software (QSR International,
Victoria, Australia). A trained qualitative analyst listened to all audio files and transcribed
verbatim the responses to open-ended questions directly in NVivo. Methods of content
analysis were used to interpret the data. The analyst started with familiarization of the data
and identification of a priori and emergent categories and then coded text to each of the
categories. The coded text was analyzed within group (refusers and non-responders). All
interview responses fit into at least one of the identified categories. Analytic memos
describing interpretation of the results for the two groups were shared with the study team
for review. Coded text was grouped into themes and translated into quantitative data in order
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to compare frequencies of reasons between refusers and non-responders. Although we did
not test for significant differences between these groups, these data show the intensity of
themes within each group.[21]

Results
Quantitative results

Patient characteristics and response rates—Our data file included the participation
decision and demographic characteristics for all of the patients in the recruitment pool
(n=1600). Over the study period, the biobank achieved a 26.2% participation rate (n=419)
with an additional 12.1% actively refusing participation (n=193) and 61.8% not responding
(n=988). Table 1 shows the results of four multivariate logistic regression models. In model
1, female sex, age categories 45 and older, residence outside the 11-county region where
Mayo Clinic is located, and non-Hispanic white race/ethnicity were positively associated
with participation relative to non-participation. The simplified consent form was associated
with lower odds of participation. In model 2, non-response relative to participation, we
found that the simplified form was associated with increased odds of non-response, while
female sex, age categories 45 and older, residence outside of Minnesota, and non-Hispanic
white identification were associated with lower odds of non-response. In the model of
refusal versus participation, model 3, age 75-plus was associated with increased odds of
refusal, while residence outside the region was associated with lower odds of refusal. In
model 4, refusal versus non-response, female sex and older age categories were associated
with increased odds of refusal, while living in other areas of Minnesota or in states outside
the Midwest was associated with lower odds of refusal. (Table 1.)

Biobank knowledge—We received 305 study questionnaires from the 419 participants
(72.8% response) and completed telephone interviews with 26 non-responders and 26
refusers. Among refusers and non-responders contacted for a phone interview, there were no
significant differences on sex, age, area of residence, or race/ethnicity between those who
agreed to phone follow-up and those who did not. Among participants, there were
significant differences on age and race/ethnicity between those who returned the study
questionnaire and those who did not, with higher shares of older participants and non-
Hispanic white participants returning the questionnaire.

As shown in Figure 2, participants, refusers and non-responders had similar knowledge but
differing information seeking behavior. Only 20% of participants had prior knowledge of the
Mayo Clinic Biobank, compared with 23% of refusers and 19% of non-responders
(differences not significant). There were significant differences between groups when people
were asked if they looked for information to help them make a decision about participating
in the biobank (42% of participants, 26.9% of refusers, and 7.7% of non-responders,
p<0.001). Respondents were specifically asked if they consulted biobank staff (in person or
by phone), a family member, a friend or co-worker, a health care provider, the internet, or
some other source. People who looked for information most often cited family members as
their source, followed by biobank staff (in-person or by phone). Fewer people consulted a
friend or coworker, a health care provider, or the internet.

There were also significant differences in the share of people who read all or most of the
consent form (79.2% of participants, 69.2% of refusers, and 23.1% of non-responders,
p<0.001). Among participants, more than three-fourths of patients read all or most of the
form regardless of whether they received the original or the simplified version (77.8% vs
74.6% respectively, p=0.52). The proportion who read all or most of the form was higher for
patients who received the simplified version than the original version in the refuser and non-
responder groups (84.6% vs 53.8%, p=0.20, and 30.8% vs 15.4%, p=0.64, respectively).
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Views on research—As shown in Figure 3, refusers were much more likely than non-
responders to have participated in medical research in the past (65% vs. 27%, p=0.005), but
they were equally likely to claim that they would participate in the future. Findings were
also similar on questions about confidentiality of medical information and privacy of genetic
information, with about half of people in each group responding that they were concerned or
very concerned about these issues. (Figure 3.)

Qualitative results
Interviews with refusers and non-responders provided greater detail on reasons for non-
participation. Table 2 lists the main themes from interviews: being too busy to participate,
and concerns about confidentiality. There were notable differences in the prevalence of these
themes between refusers and non-responders, as shown in Figure 4. A majority of non-
responders (n=19, 73%) said they were too busy or didn’t have time to complete one of the
biobank participation requirements including reading the materials (n=5) or completing the
survey (n=4). Most interviewees gave general feedback about being “too busy,” in many
instances noting feeling overwhelmed by things going on in their life and biobank
participation being a low priority for them.

In contrast, only three refusers noted being too busy as a reason for non-participation (12%).
One woman who stated a time constraint specified that she would have participated if the
survey was online; she indicated that the materials stated a tighter turnaround time than she
was able to meet. Another said she might have participated if remuneration made it worth
her while. Unlike non-responders this group did not state that they were “just too busy” or
indicate that they were overwhelmed by other things going on in their lives, although three
people indicated poor health as being the reason for not participating. Instead patients cited
specific reasons for refusing such as decisions not to travel to Mayo Clinic for their care
(biobank participants usually coordinate the blood draw with a scheduled clinic appointment
time) or the inconvenience of traveling back and forth to Mayo Clinic (with two people
noting that they believed there was a chance that they would need to travel to Mayo Clinic
again for something related to the biobank study), or negative feelings about Mayo Clinic,
going to the doctor, or giving blood. One noted a concern that Mayo Clinic could “end up
making a large profit from it, rather than using it purely for research,” and one person said
that the materials led him to believe that he would incur medical costs by participating.

While both groups answered similarly on questions about confidentiality of medical
information and privacy of genetic information, refusers were more likely to cite this as the
reason for their non-participation. In particular, they noted concerns about sharing
information with researchers outside Mayo Clinic, concerns about electronic data storage,
and concerns about information getting into the wrong hands, e.g. people that make
insurance decisions.

Discussion
Our study sought to identify characteristics of biobank participants, refusers, and
nonresponders so that we could begin to understand potential nonresponse bias and decision
factors for the latter two groups. We found that there are differences not only between
participants and non-participants, but between refusers and non-responders. Women and
older patients were more likely to respond to the biobank recruitment packet, whether to
participate in the biobank or to notify staff that they were refusing, than to ignore the
Biobank invitation altogether. We had hoped that the simplified consent form designed for
this study would increase participation and appeal to young patients in particular, but our
results did not provide any evidence that it resulted in recruitment gains. If biobanks strive
to ensure adequate representation of men, younger patients, and minority patients,
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oversampling or strategies other than mere modification of the consent process may be
necessary.

Generally we saw that individuals who actively refused to participate in the biobank were
informed and engaged patients. They were just as likely as participants and non-responders
to have heard about the biobank in the past, and they actively sought information about the
biobank. One in four refusers said they looked for information to help them make a decision,
and two-thirds said they read all or most of the consent form—nearly as many as in the
participant group. Although our interview numbers were too small to detect a significant
difference (13 refusers who received the original form and 13 that received the simplified
version), we did find that a higher share of refusers who received the simplified form read
all or most of it than refusers who received the original form (84.6% vs 53.8%, p=0.20),
suggesting that those refusers may have had more information about the biobank.

If these patients make non-participation decisions after less complete review of the mailed
materials and if further review would have led them to agree to participate based on better
comprehension, biobank staff may need to consider the delivery of key messages up front or
in a manner that is more easily and immediately understood. Likewise, assessment of
perceived burden deserves more attention. Both the original and simplified consent forms
were accompanied by several other materials, including the health questionnaire. Future
research should better assess not only which participation requirements or recruitment
materials add to the perception of burden, thus helping biobank staff determine an
acceptable level of burden in the non-responder group. This information would be beneficial
to future recruitment efforts.

The level to which refusers and non-responders were engaged in information seeking
behaviors related to the biobank also helps explain findings on confidentiality concerns.
Refusers and non-responders were equally concerned about the confidentiality of their
medical information and the privacy of their genetic information, but only refusers, who
were far more likely to read the consent materials, cited that as a reason for non-
participation. Nonresponders, on the other hand, may have been too busy to read the
materials enough to understand the potential risks around data disclosure. While it is always
important for patients to fully read and comprehend the informed consent materials before
they decide to participate in research, failing to understand and adequately consent to
biobank participation may raise unique concerns given the unknowns regarding future use of
samples. Poor comprehension could also lead to poorly-informed non-participation
decisions. Issues like profit-making, costs, and risks to data privacy were addressed in our
consent document, but the interviews with non-participants revealed that some respondents
did not accurately recall that information. Research by Han et al. shows that participants
perform poorly on key questions about information in the consent document (regardless of
whether the patient received the original or the simplified form),[12] but it is possible that
refusers are better informed. Future assessment of consent comprehension among non-
participants could add to understanding on this issue, including whether there are key issues
about biobanking that are most influential in refuser and non-responder decision making
specifically.

Our findings are consistent with other studies that identified concern about confidentiality
and privacy of information, concerns about data sharing, and trust in the institution as issues,
but we add to the literature by identifying reasons for non-responders and refusers separately
and in a real world recruitment situation. An important strength of this study was that we
were able to observe actual participation decisions. Our results showing refusers were more
likely than non-responders to participate in research in the past but equally likely to say they
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would participate in the future confirms that hypothetical research questions may give
biased results.

While our study has a number of strengths, potential limitations warrant mention and
consideration. First, Mayo Clinic patients may have built a trust with Mayo Clinic that may
or may not translate to biobanks constructed in other contexts and/or for other purposes.
These issues may be especially important for biobanks where participation involves a blood
draw, a health questionnaire, and access to medical record data into an unknown future.
Second, due to staffing limitations, not all patients received a follow-up phone call if they
did not respond to the recruitment packet within 14 days, as was the protocol. However, we
explored the influence of this phone call in multivariate analysis and found that this did not
affect our findings. Third, we did not follow-up with a representative sample of refusers and
non-responders. Rather, these were individuals we were able to contact through phone
follow-up and who agreed to be interviewed. As such, they are not complete abstainers from
research by the very nature of this inclusion criterion. Furthermore, we limited the telephone
interviews in length to reduce barriers to recruitment in the interview, but more in-depth
interviews would likely have yielded richer data to inform our results and in-person
interviews would have allowed for greater probing on issues related to materials and remove
concerns about interviewee recall. Nonetheless we believe that this limitation is not unique
to this particular investigation. Finally, our research is restricted to requests to participate in
a single biobank at one point in time. Findings may not be fully generalizable, but they may
apply to other biobanks that recruit patients by mail coordinated with a scheduled clinical
visit.

In conclusion, significant associations between patient characteristics and nonresponse, as
well as systematic differences between refusers and nonresponders, could introduce bias in
biobank research. Oversampling or changes in biobank recruitment procedures, including
heightened attention to privacy protection, may be necessary to increase participation among
less-represented groups if the biobank is to be a large, diverse resource for genetic research.
Future research with a wide range of patient groups, including young men and people from a
variety of racial or ethnic groups, should be undertaken to supplement the small but
burgeoning literature on reasons for biobank participation, refusal, and nonresponse.
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Fig. 1.
Recruitment process, participation decisions and data collection. The study process started
with recruitment of participants to the biobank. Based on their response to the invitation,
individuals were classified as participants, nonresponders or refusers. Participants were
asked to complete a mailed questionnaire, while refusers and nonresponders were recruited
for a telephone interview. * Stratified by original and simplified consent form type. † The
study protocol was for patients to receive a phone call reminder after 14 days. Due to
staffing issues, not all patients received a call.
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Fig. 2.
Biobank knowledge and research participation by group. Refusers, nonresponders and
participants were asked whether they had heard of the Mayo Clinic Biobank before
receiving the recruitment packet in the mail. They were also presented with a list of
resources, such as the Biobank staff and family member, and asked whether they had
consulted any of these resources or any other resource in making their participation decision.
Individuals who consulted any resource are included as having looked for information in the
second set of columns. Individuals were asked to report how much of the consent form they
read in 5 categories ranging from ‘all of it’ to ‘none of it.’ The final set of columns displays
those who reported that they read all or most of the document. p-Values were calculated
using Fisher’s exact test.
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Fig. 3.
Views on research, refusers and nonresponders. Refusers and nonrefusers were asked if they
had ever participated in medical research in the past (yes/no) as well as being asked a
question about whether they would participate in the future on a 4-point scale from ‘very
likely’ to ‘very unlikely’. In separate questions, respondents were asked how concerned they
were about the confidentiality of their medical information and the privacy of their genetic
information using a 4-point scale from ‘very concerned’ to ‘not at all concerned’. p-Values
based on χ2 test.
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Fig. 4.
Reasons for nonparticipation, refusers and nonresponders. Refusers and nonresponders were
asked to report the reason for their participation decision. Responses were coded to these
themes and frequencies were compared between groups.
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Table 2

Overview of reasons for non-participation in the Mayo Clinic Biobank, qualitative interview questions with
refusers and non-responders

Theme Subtheme Illustrative quote

Too busy to participate Not enough time to
complete the study
materials

“I just looked at it, and it was so thick, it was several pages, and I thought I just don’t have
time for that now.” [Male, age 53 (non-responder)]
“Well, I started to fill out the paperwork, I wanted to, but it was just way too much to fill out
and I was really busy.” [Female, age 70 (non-responder)]

Not a priority given
life demands

“I had 11 different things going on at once. It wasn’t at the top of my list.” [Male, age 51
(non-responder)]
“Just busy. Right now my life is planning a wedding and moving…Just chose not to do it. I
had other things that were a priority for me.” [Female, age 27 (non-responder)]

Concerns about
confidentiality of
medical information or
privacy of genetic
information

Concerned about
sharing information
with researchers
outside Mayo Clinic

“I would be down there in five minutes if it was just strictly for Mayo. But this day and age,
yes, they tell me you’re a bar code, but I’m a firm believer that somewhere down the line
that bar code is going to turn into a name.” [Male, age 71 (refuser)]
“I have participated in research at Mayo before, but this is a privacy issue. I don’t think I
want Mayo Clinic giving my information, especially my genetic information, to someone
else.” [Male, age 70 (refuser)]

Concerns about
electronic data
storage

“Things are getting so, with the internet, you can find out a lot of stuff really easy. I guess
personally I don’t know anyone who has really been affected by that but you hear stories…
five years ago I would not have been concerned at all. I’m probably more concerned now.”
[Female, age 55 (refuser)]

Concerns about
information getting
into the wrong
hands

“When I was reading the consent, there was a part in there that said, I can’t quite remember,
that they wouldn’t be able to protect or confirm that my blood sample would possibly be in
the hands of future people who make decisions with insurance and life insurance and that
kind of stuff.” [Female, age 51 (refuser)]
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