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Abstract

Background: Biobanks are considered primary means+ of supporting contemporary research, in order to deliver
personalized and precise diagnostics with public acceptance and participation as a cornerstone for their success.

Aims: This study aims to assess knowledge, perception, and attitudes towards biomedical research and biobanking
among students at the University of Jordan.

Methodology: An online questionnaire was designed, developed, and piloted. It was divided into 5 sections that
included questions related to issues of biomedical research and biobanking as well as factors influencing the decision
to participate.

Results: Responses from 435 students revealed that 52.9% previously heard of biobanks. There was an overwhelming
acceptance for participation in biomedical, genetic, and biobanking research. A blood sample was the most preferred

school, Biomedical research, Genetic Research

for donation. Protection of privacy, informed consent prior to donation, approval of an ethics committee, and trust
towards researchers were the most important factors associated with willingness to participate. On the other hand,
the vagueness of the type of research performed on the biospecimens and the unavailability of general research
results to the donor had a negative connotation. There was no clear agreement on the type of informed consent pre-
ferred by students, but to be contacted and informed of research results was preferred by the majority. Students also
preferred the disposal of biospecimens and information when deciding to withdraw from participation.

Conclusion: There is strong enthusiasm among students to participate in biomedical research and biobanking with
all rights reserved thus providing hope for a very promising future in Jordan.
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Background

Understanding the molecular etiology and distribu-
tion of specific diseases among groups of people of
various ethnic backgrounds has necessitated the advent
of biobanking. Biobanks are well established in high-
income countries but are slowly emerging in low- and
middle-income countries. The inclusion of low-income
countries in biomedical research can advance multiple

*Correspondence: m.ahram@ju.edu.jo; DrAhram@gmail.com

! Department of Physiology and Biochemistry, School of Medicine, The
University of Jordan, Amman, Jordan

Full list of author information is available at the end of the article

B BMC

aspects of disease distribution, diagnosis, and treatment,
particularly, considering genetic diversity [1, 2]. Jordan,
located in the central region of the Middle East, is often
a preferred place to receive excellent health care due to
its advanced medical system and renowned physicians.
The nation hosts a heterogeneous mixture of different
and unique ethnic groups with relatively similar cul-
tural backgrounds. Thus, data generated from biomedi-
cal research are expected to provide an insight regarding
public health in the region [3].

Biobanking refers to the process by which biospeci-
mens, along with associated data, are collected and
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stored in repositories under optimal conditions. These
high-quality biospecimens may then be disseminated to
researchers to identify disease biomarkers, for example,
and to ultimately improve the understanding of health
and disease [4]. Moreover, biobanks have played an
important role throughout pandemics. A good case is the
University of California at San Francisco’s AIDS Speci-
men Bank (ASB), which was founded in December 1982
in response to the early challenges of the AIDS epidemic.
ASB provided investigators with high-quality biospeci-
mens that contributed to the identification of the agents
that cause AIDS and Kaposi’s sarcoma [5]. With the
COVID-19 pandemic defining the years 2020 and 2021,
the whole world is witnessing the international efforts
for vaccine and therapeutic development, which further
highlights the importance of patient biospecimens [6].

For a biobank to be successful, a large and diverse
number of individuals should be willing to participate.
However, public participation is highly influenced by
ethical, social, and legal challenges. Likewise, the issues
of informed consent, privacy and confidentiality, return
of results, and data-sharing are also controversies that
need to be resolved [7]. Thus, the concept of biobanking
needs to be publicly discussed and challenges in recruit-
ing potential donors should be unraveled at the national
level [8, 9]. Indeed, cultural-social norms of the commu-
nity play an important role in whether the community is
willing to donate and contribute to medical research.

Previously, approximately two-thirds of Jordanians
expressed willingness to participate in biobanks with
correlation to younger age [8]. The increasing number of
university students in Jordan may influence other sectors
of society. Hence, it is imperative to learn of their percep-
tion, knowledge, and attitudes toward biobanks. Not only
that university students may be potential participants
of biobanks, but they may also have an impact on the
social acceptance of biobanks. The University of Jordan
is the largest in Jordan encompassing 94 majors at the
bachelor’s degree level, is located in a hub of the capital,
Amman, and is attended by students of various demo-
graphic backgrounds. Herein, we targeted students at
the University of Jordan in order to explore their knowl-
edge, attitudes, and practice towards biomedical research
and biobanking. In addition, other aspects of biomedical
research and biobanking such as the main factors that
influence student willingness to participate in and con-
sent for biobanking research were assessed.

Methods

Study design and ethical approval

This was a cross-sectional, quantitative, survey-based
study. To maintain confidentiality, the identity of the
participant remained anonymous throughout the entire
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study. The study was approved by the Institutional Review
Board of Jordan University Hospital (67/2019/6219).

Study population

Undergraduate university students were the main tar-
get population of the study. The university had approxi-
mately 35,000 students enrolled in 20 schools. Based on
this figure, a 5% margin of error, a confidence of 95%, a
50% expected response rate, a minimum number of 380
responses were required. Inclusion criteria were: all
undergraduate students of all academic schools at the
University of Jordan, second-year and higher students,
and students with any grade point average (GPA). Exclu-
sion criteria were students not enrolled at the University
of Jordan and first-year and graduate students. First-year
students were excluded from the study since it was diffi-
cult to reach them considering that they were less organ-
ized in their first semester at the university.

Study instrument

A recently developed and validated questionnaire related
to knowledge, attitude, and practice towards biomedi-
cal research and biobanking among the public in Arab
countries was used as a model of the questionnaire used
in this study with some modifications [10]. A pilot study
was first conducted on 40 university students of various
disciplines for 3 weeks in October 2019 to provide insight
and feedback regarding the suitability and clarity of the
questions. Minor modifications of the questions were
made accordingly. The final questionnaire comprised 5
sections. The first section included an introductory page
that explained the purpose behind the questionnaire and
included a note that the study was ethically approved,
responses would remain anonymous, and participation
was voluntary. A question of whether they agreed to
participate was provided to them with a yes/no option.
Respondents were notified that participation would be
regarded as their informed consent. The second section
covered demographics data. The third section included
questions regarding participating in biomedical research
and the influence of certain factors on the decision to
participate including the time needed to provide a bio-
specimen, type of biospecimen, direct health benefit from
participating, religious point of view regarding participat-
ing, privacy options, withdrawal options, financial benefit
from participating, and trust in researchers. The fourth
section included biobanking concepts, biospecimen
donation options, and the influence of certain biobank-
ing-related issues. These included the type of future
research done, direct benefit from the results, biobank-
based institution re-contact conditions, level of informed
consent, and how withdrawal may influence and change
decisions. Survey respondents had the chance to add a
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comment at the end of the survey. The questionnaires, in
both English and Arabic, used can be seen as Additional
file 1 and Additional file 2, respectively.

Data collection

The preliminary and final questionnaires were uploaded
on Google Forms (http://docs.google.com/forms/). The
weblinks of the questionnaires were distributed to stu-
dents. The final version of the questionnaire was ran-
domly distributed to students via Facebook, WhatsApp,
Microsoft Teams, and electronic mail through the Uni-
versity Student Union, online student groups, and stu-
dent representatives of the different schools and majors.
Facebook and WhatsApp are the two most commonly
used platforms by undergraduate students at the Univer-
sity of Jordan. Data collection lasted for two months in
order to reach the largest possible number of responses,
particularly students from non-health sciences schools
who were difficult to reach.

Measures

Demographic data

Participants were asked about their sex, age, school (all
20 schools were included as drop-down menu), aca-
demic year (second, third, and fourth and higher), GPA
(below 2, 2.00-2.49, 2.50-2.99, 3.00-3.49 and 3.50-4.00),
and monthly income of the family in Jordanian Dinar
(<500, 500-999, 1000-1499, 1500-2000, or 2000 and
higher; 1 Jordanian Dinar=$1.41). The students were
categorized according to their school of affiliation and
comparisons were made as follows: medical versus non-
medical, health versus non-health, and scientific versus
non-scientific.

Perceptions, attitudes, and practice

towards biospecimens-based research

Initially, participants were asked if they had ever partici-
pated in biomedical research before, what they thought of
donating biospecimens for research purposes, and their
willingness to contribute. Those attitudes were meas-
ured on a 5-point Likert scale with scores ranging from
“very unlikely” to “very likely” in addition to a category of
“don’t know”. Subsequently, the respondents were asked
to specify the type of biospecimen(s) they would be will-
ing to donate giving them several options (blood, cheek
swabs, urine, saliva, stool, and tissue leftover). Moreover,
participants were asked to indicate the importance of
certain factors when donating a specimen like revealing
personal and family-related information. Analyzed fac-
tors were: time spent in donating, fear of needles/blood,
the existence of informed consent prior to participation,
availability of direct medical benefit, religious views, con-
fidentiality, ability to withdraw biospecimen and data,
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type of collected personal and family-based informa-
tion, approval of an authorized ethics committee, type
of research, the impact of the research on public health,
availability of general or personalized results to the
donor, and the identity of and the level of trust towards
researchers.

Perceptions and attitudes towards biobanking

The concept of a biobank was first defined to students
as they were then asked if they found it familiar. Then,
they were given nine statements measuring the extent
of participants’ agreement on participating in a biobank.
This included the overall possibility of participating
in a biobank in general or the possibility of participat-
ing under certain situations. Such situations included
the lack of benefit, the unavailability of general research
results to the donor, undisclosed type of research, the
nature of the managing body of the biobank (academic
institution, governmental entity, private sector, an Arab
entity, or a non-Arab entity).

Participants were also asked about their preferences
regarding the level of informed consent, the type of bio-
specimen coding, the possibility of re-contact, and the
fate of biospecimen and information upon withdrawal.
They were given three options of informed consent:
broad consent allowing researchers to conduct any type
of research on the biospecimen, research-specific con-
sent such as research on specific diseases, or one-time
consent that necessitates contacting donors every time a
biospecimen would be used for research.

Data analysis

Data were analyzed using the SPSS software program,
version 22.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were used to report biospecimen characteris-
tics in addition to frequencies and percentages. Pearson
Chi-square was used to assess the relationship between
individual responses within each statement with demo-
graphics. The correlations between responses within
each statement and the overall willingness to participate
in biobanking were also assessed. P values less than 0.05
were considered significant. Missing responses were not
considered in the analysis.

Results

The questionnaire reached 476 students, 435 of them
consented to participate and 41 declined. Table 1 shows
the sociodemographic characteristics of the study sam-
ple. The majority of respondents were females (72.0%).
The age range of the students was from 17 to 39 with
a mean of 20.8. The distribution of student respond-
ents according to schools was 45.5% from the School of
Medicine, 73.1% from health schools, and 83.4% from
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Table 1 Sample characteristics

Sex (N=435) %
Male (122) 280
Female (313) 72.0
Age
17.(1) 02
18(11) 25
19 (124) 28.5
20 (89) 20.5
21(81) 18.6
22 (49) 1.3
23 (54) 124
24 and above (26) 2.1

Mean=20.8 (£2.01; Min=17; Max=39)
School categories

Medical (198) 455
Non-medical (237) 54.5
Health School (318) 73.1
Non-health (117) 26.1
Scientific (363) 834
Non-scientific (72) 16.6
Academic years
Second year (154) 354
Third year (96) 22.1
Fourth-year and higher (185) 425
GPA
<2.00(3) 0.7
2.00-2.49 (39) 9.0
2.50-2.99 (106) 244
3.00-3.49 (144) 332
3.5-4.00 (142) 327
Income (JD)'
<500 (38) 8.7
500-999 (105) 234
1000-1499 (71) 15.2
1500-1999 (40) 9.2
2000 and higher (92)r 209

* Missing data (n) =98 (22.5%)

scientific schools. The majority of responses (42.5%)
belonged to students in the fourth year and higher
and the lowest group constituted third-year students
(22.1%). Over 90% of students had a GPA of 2.5 and
higher. Those with GPA of 2.0-2.5 constituted 9.0% and
failing students with GPA below 2.0 were a minority
(0.7%). Students with variable family income were well
represented with the highest proportions was those
with income of 500-999 JD (23.4%) followed by 2000
JD (20.9%) and above and the lowest proportion was
students with income of less than 500 JD (8.7%) and

Page 4 of 10

1500-1999 JD (9.2%). All questions were answered by
all student respondents except for 98 students who did
not know or did not want to reveal their family income
and one missing response for GPA.

Knowledge, attitude, and practice towards biomedical
research and biobanking

Students were asked if they had previously participated
in biomedical research and over a quarter of them
(28.9%) indicated that they did (Table 2). Previous par-
ticipation in research was found to be significantly high
among students of the medical, health, and scientific
schools (p<0.001). Students of higher academic years
and those with higher income also had a significant
tendency (P<0.001 and 0.01, respectively) to previ-
ously participating in biomedical research. As for GPA,
students with intermediate GPA, i.e. 2.50-2.99, were
the largest group to previously participate in research
(P<0.01).

Students were then asked if they agreed on the use
of biospecimens in biomedical research. The major-
ity either agreed (57.5%) or strongly agreed (38.9%)
(Table 2). Students in medical, health, and scientific
schools significantly tended to strongly agree compared
to other schools (P<0.001). As for income, those with
an income of <500 JD or 1500-1999 JD tended to be
less accepting of the use of biospecimens in research
(P=0.023).

Students were then asked about their willingness to
participate in biomedical or genetic research (Table 2).
There is an overwhelming willingness to participate in
both types of research where approximately 95% of stu-
dents were willing to participate in biomedical research
in general and almost 90% of them were willing to par-
ticipate in genetic research. Willingness to participate
in such research was not associated with sex, academic
year, or GPA. Students from medical, health, and scien-
tific schools were significantly more willing to participate
in both compared to their counterparts. There is also a
trend that students with a family income of<500 JD or
1500-1999 JD were found to be less enthusiastic towards
participation.

Students were then asked if they had heard of biobanks
before (Table 2). More than half of them indicated that
they heard of the term with significant association with
being in medical, health, or scientific schools, having a
GPA of more than 2.50, having a family income of 500—
1500 or >2000 JD, and prior participation in biomedical
research. The majority of students (~90%) either strongly
agreed or agreed to participate in biobanking (Table 2).
Students of health schools were significantly more enthu-
siastic about participation in a biobank.



Khatib et al. BMC Medical Ethics (2021) 22:152 Page 5 of 10

Table 2 Knowledge of biobanking, attitudes towards the use of biospecimen in research, and engagement in research

Questions Responses Significant factors associated with favorable response?

Yes (%) No (%)

Have you previ-  112(289) 276 (71.1) Beingin medical™", health™, or scientific” schools, 3rd and 4th year, GPA of 2.50-2.99"", income > 2000 JD™
ously participated
in medical
research
Have you previ-  230(529) 250 (47.1) Being in medical™, health™, or scientific” schools, GPA of > 2.50°, income of 500-1500 and > 2000 JD"',
ously heard of prior participation in biomedical research”
biobanks?
Strongly agree (%) Agree (%) Disagree (%) Strongly
disagree
(%)
Do you generally agree with using bio- 169 (38.9) 250 (57.5) 16(3.7) 0(0) Being in medical™, health™, or scientific™
specimen in medical research? schools, GPA of >3.50', income 500-1500
and >2000 JD", prior participation in
biomedical research
How likely is it that you participate in bio- 145 (35) 246 (59.4) 20 (4.8) 3(0.7) Being in medical’, health™, or scientific’
medical research by providing biospeci- schools, prior participation in biomedical
men and personal/family information? research’
How likely is it that you participate in 153 (36.9) 213(51.3)  39(94) 10 (2.4) Being in medical’, health™, or scientific’
genetic research? schools, income 500-1500 and > 2000 JD™
Possibility of participating in future 99 (24.6) 271 (674) 25(6.2) 7(1.7) Being in medical™, health”, or scientific’
biobanking research schools, income 500-1500 and > 2000 JD',

prior participation in biomedical research”

2*P<0.05; **P<0.01; ***P<0.001)

Factors influencing participation in biomedical research
and preferred biospecimen types
Questions regarding factors that might affect participa-

100 tion in biomedical research were also asked. As detailed
in Table 3, the most influential factors that were ranked
g 80 as “very important” were protection of privacy (55.9%),
§ followed closely by consenting prior to participation

wv 60 . . .
3 (54.3%), approval of an authorized ethics committee
g i (51.5%), and trust towards researchers (45.5%). On the
b other hand, the least important factors were personal
R 5 gain of any profit (66.7%), fear of blood and needles and
(65.3%), and identity of researchers (43.4%). Interest-
ingly, religious views and time spent to participate were

Blood Cheek  Saliva Tissue Urine Stool idered to be “i " b iderabl
swabs c.0n51 ered to be "important” by a considerable propor-
Fig. 1 Preferences of biospecimens donated for research tion of students (44.6%).

Influence of biobanking aspects on willingness to donate

To investigate how the impact of certain aspects related
to biobanks would affect the willingness to participate
in a biobank, students were asked if they were willing
to donate for a biobank under certain situations. The

Preferred biospecimen donation for biomedical research
Students were asked about the biospecimens they

would prefer to contribute for research purposes. The = o N )
most preferred biospecimen was blood (85.7%), fol- likeliness of students to participate in biobanking dras-

lowed by comparably cheek swabs (66.7%) and saliva tically dropped from 92.0% to less than 30% when they

(65.3%) (Fig. 1). On the other hand, stool (25.5%) was  "€T€ told that they would not know the type of research
conducted on their biospecimen. The unavailability of

the least preferred biospecimen to be donated for
general research results to the donor also reduced the

research.
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Table 3 Factors influencing participation in biomedical research

Least level of
importance (%)

Slightly
important (%)

Important (%) Very important (%) Unsure (%)

Time spent to participate 23(5.3) 127 (29.2) 194 (44.6)° 69 (15.9) 22 (5.1)
Fear of blood and needles 284 (65.3) 63 (14.5) 50(11.5) 19 (4.4) 19 (44)
Consenting prior to participation 12(2.8) 33(7.6) 148 (34.0) 236 (54.3) 6(1.4)
Gaining direct personal benefit 137 (31.5) 95(21.8) 107 (24.6) 59 (13.6) 37(85)
Religious views on participation 23(5.3) 127 (29.2) 194 (44.6) 69 (15.9) 22(5.1)
Protection of privacy 16 (3.7) 38(8.7) 131 (30.1) 243 (55.9) 7 (1.60
Ability of withdrawal 67 (154) 107 (24.6) 121 (27.8) 108 (24.8) 32(74)
Nature of provided information 35(8.0) 86 (19.8) 153 (35.2) 145 (33.3) 16 (3.7)
Nature of family information provided 33(7.6) 90 (20.7) 148 (34.0) 150 (34.5) 14 (3.2
Approval of an authorized ethics committee 19 (4.4) 56 (12.9) 132 (30.3) 224 (51.5) 4(0.9)
Type of research conducted 64 (14.7) 98 (22.5) 138 (31.7) 120 (27.6) 15(3.4)
Positive impact on public health 9(2.1) 75(17.2) 170 (39.1) 169 (38.9) 12(2.8)
Personal gain of any profit 290 (66.7) 70 (16.1) 21(4.8) 7(1.6) 47 (10.8)
Availability of general research results 26 (6.0) 101 (23.2) 171 (39.3) 130 (29.9) 7(1.6)
Availability of personalized research results 27 (6.2) 84 (19.3) 170 (39.1) 142 (32.6) 12(2.8)
Trust towards researchers 11(2.5) 61 (14.0) 153 (35.2) 198 (45.5) 12 (2.8)
|dentity of researchers 189 (43.4) 85 (19.5) 74 (17.0) 39(9.0) 48 (11.0)

* Prominent responses are bolded

likeliness to participate to less than 50%. However, lack
of personal benefits had a less impact where 81.1% indi-
cated that they would still participate. In addition, know-
ing that the biobank would be managed by an academic
institution had a favorable influence compared to a gov-
ernmental entity, a private sector, an Arab institution,
or a non-Arab institution (89.2%, 75.9%, 63.4%, 76.3 and
66.9, respectively) (Table 4).

Personal choices regarding biobanking aspects

Students were then asked about their preferences in
specific biobank operations. As shown in Table 5, there
was no clear preference over which type of informed
consent was preferred by students where approximately

one-third of respondents chose any one of the three
types. In addition, half of the students preferred bio-
specimens to be traceable back to donors, one quarter
of them either preferred de-identifying biospecimens
irreversibly either at the time of collection or upon
request at a later stage.

As for re-contacting donors, two-thirds of students
opted to be re-contacted whenever results specific to
their biospecimens would be generated. On the other
hand, a quarter of them preferred to be re-contacted
whenever results indicated the possibility of disease
diagnosis, 8.5% wanted to be re-contacted if the disease
could be treated, and only 1.1% never wanted to be re-
contacted (Table 5).

Table 4 Impact of certain aspects of biobanks on willingness to participate

Possibility of participating in a biobank Strongly Disagree (%) Agree (%) Strongly agree (%) Unsure (%)
under different circumstances disagree (%)

Overall likelihood to participate 7(1.7) 25(6.2) 271 (67.4) 99 (24.6) 33(7.5)
a. Lack of benefits 13 (3.0 36(8.3) 242 (55.6) 111 (25.5) 33(7.6)
b. Undisclosed type of research 85 (19.5) 161 (37.0) 105 (24.1) 20 (4.6) 46 (10.6)
¢. Unavailability of general research results 42 (9.7) 138 (31.7) 175 (40.2) 34(7.8) 46 (10.6)
d. If managed by a governmental center 19 (4.4) 39(9.0) 250 (57.5) 80 (18.4) 47 (10.8)
e.If managed by an academic institute 8(1.8) 22(5.1) 237 (54.5) 151 (34.7) 17 (3.9)
f. If managed by a private health sector 32(74) 66 (15.2) 208 (47.8) 68 (15.6) 61(14)
g.If managed by an Arab institute 16 (3.7) 46 (10.6) 249 (57.2) 83 (19.1) 41 (94)
h.If managed by a non-Arab institute 26 (6.0) 63 (14.5) 217 (49.9) 74 (17.0) 55(12.6)
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Table 5 Specific preferences in regards to biobanking-related aspects

Preferred level of informed consent when participating in a biobank and donating a biospecimen

Broad consent 138 (31.7)
Research-specific consent 166 (38.2)
One-time consent with conditional re-contact 131(30.1)
Preferred procedure to protect donor identity when collecting biospecimens

Code biospecimens with possible re-identification 216 (49.7)
Irreversibly de-identify biospecimen at a later stage upon request 120 (27.6)
Irreversibly de-identify biospecimens at the time of collection 98 (22.5)
Neutral 1(0.2)
When to contact participants if specific results to their biospecimens are generated

Re-contact under all circumstances 293 (67.4)
Re-contact me only in definite cases of having or increasing the possibility of having a disease 100 (23.0)
Re-contact me only in definite cases of having or increasing the possibility of having a treatable disease 37(8.5)
Never re-contact me 5(1.1)

In case of deciding to withdraw from a biobank

Disposal of biospecimens only 31(7.0)
Deleting all data only 41 (94)
Disposal of both biospecimen and data 225(51.7)
Removing donor identifiers, but keep biospecimens and data for future research 138 (31.7)

Upon withdrawal, slightly more than half of the stu-
dents preferred to have their biospecimens and data to
be completely disposed of; however, one-third of them
would choose irreversible elimination of donor identity
but preserving biospecimens and related information
(Table 5).

Discussion

The term “biobank” appears to be new to almost half of
student respondents from all disciplines whereas only
52.9% of the students stated that they have previous
knowledge of the term. This figure is better than the 27%
of Saudi healthcare students [11], the 40% of Egyptian
medical students [12], and the 20% of Russian students
[13] who knew what the term meant. However, it is less
than the 83.7% of students of the Italian Padua Univer-
sity who were able to select the right definition from a
multiple-choice question [14]. It is expected that students
of medical, health, and scientific schools would know the
term better compared with students of other disciplines.
Knowledge is also correlated with previous participation
in biomedical research signifying the actual participation
in research to increase knowledge and improve attitude
towards research.

In our study, an overwhelming majority of students
expressed their willingness to participate in biomedical
research (94.2%) and biobanking (92%). A high propor-
tion of students (88.2%) were also willing to participate in
genetic research. This enthusiasm to participate in a vari-
ety of biomedical research activities contrasts the attitude

of Egyptian medical students who were by far less eager
to engage in research [12]. Saudi healthcare students
were similarly eager to donate for biobanks in association
with prior tissue donation and testing, but not involved
in medical research [11]. However, this study shows
that willingness to participate was affected by prior par-
ticipation in biomedical research as well as by school
affiliation where students from health schools showed
greater enthusiasm. Previous participation in biomedical
research was also found to correlate with willingness to
donate for biobanking among Egyptian students [12]. The
sociodemographic status also did not influence students’
willingness to participate in biobanking among university
students in Russia [13]. On the other hand, the survey
conducted among students in Italy showed that sex has a
significant association with participation [14]. A previous
study among the Jordanian population showed that posi-
tive responses correlated significantly with younger age
and increasing education, but not sex [8].

Besides enthusiasm in participating in biobanks
observed among this young generation, two major
themes are found to play a major role in determining the
likelihood of participation. The first is the great value
of personal autonomy. This can be revealed by student
responses to statements related to the protection of pri-
vacy, the ability to withdraw data, the type of information
provided to researchers including family information.
Confidentiality could also be noticed by student prefer-
ences at the time of donation and in case of withdrawal
from biobanks. Half of the students preferred to be able
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to remove personal identifiers of biospecimens either at
a later stage of donation or at the time of donation. In
addition, about half of students preferred disposal of both
biospecimens and data and 30% would rather biobanks
keep biospecimens but de-identify donors upon with-
drawal. Concerns about confidentiality were one of the
main reasons Saudi and Egyptian students were unwilling
to donate to biobanks [11, 12].

The other theme that influences student participa-
tion in biobanks is the type of research. A large number
of students indicated that it was important for them to
know what kind of research would be conducted on their
biospecimens and this was confirmed by the shift in will-
ingness to participate in biobanking if they do not know
this information. The study surveying Russian students
[13] showed that the specific goal of the research had the
greatest impact on one’s decision to participate. Saudi
and Egyptian students also expressed their concern of
misuse of their biospecimens to be a major determining
factor to their participation [11, 12].

In addition, although students indicated that the
type of researchers handling the biospecimens was not
important, willingness to donate for a biobank is influ-
enced according to the entity operating this biobank
with an academic institution having the most trust and
non-Arab and private biobanking having the least. This
trend appears to be a common phenomenon as has been
illustrated by two reviews of the literature on this topic
covering different nations such as the U.S., Scotland,
China, among many others [15, 16]. This attitude is not
restricted to the general public, but also to healthcare
professionals who expressed willingness to participate in
biobanks affiliated with a hospital, university, or govern-
ment research institutions and less likely with for-profit,
commercial establishments [17].

Importantly, fear of blood and needles was not a major
factor in preventing students from participating in bio-
medical research, in addition, blood was selected as the
most preferred biospecimen to donate followed by cheek
swabs and saliva. Stool, on the other hand, was the least
preferred. Similarly, fear of needles was one of the stated
factors that would prevent Saudi and Egyptian students
from participating in biobanks [11, 12], although blood
and saliva were the most preferred biospecimens to be
donated. Blood appears to be an acceptable biospecimen
to be donated by the public in Egypt [18] as well as others
[19, 20].

The informed consent of research participants is a cor-
nerstone of biomedical research. A majority of students
(88.4%) believe consenting before participation is an
important factor for them to participate. However, there
was no consensus on the preferred type of informed con-
sent with selection almost equally distributed among
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three options: broad consent, research-specific consent,
or one-time consent with possible renewal. In a previ-
ous population-based study conducted in Jordan, the
majority of respondents (75%) favored broad consent
and only 4% preferred re-consenting for every study
[21]. This was contrary to the findings of another study
that reported that only half of the patients with multiple
sclerosis preferred broad consent and 37% would prefer
to be re-consented [22]. It is tempting to argue that the
high preference for re-consenting and re-contacting is
due to the eagerness to learn of the type of research to
be conducted on participants’ biospecimens. This argu-
ment is based on the overwhelming strong support for
research in Jordan [21]. However, mistrust in biobanks
and/or researchers cannot be overlooked. It is, therefore,
of interest to investigate if the choice of re-consenting
and re-contacting is due to interest in research, mistrust,
or another factor.

There has been considerable discussion about the
issue of returning research results for some time now
and guidelines are needed to be established taking into
consideration the type of data to be returned, donor’s
rights, and the elaborate logistics associated with this
process [23]. Returning of research results has been
found to strongly correlate with willingness to partici-
pate in biobanking initiatives [24]. In this study, a favora-
ble association between returning research results with
re-consenting and re-contacting also appears to be a
strong incentive for students to participate in biobank-
ing. More than two-thirds of students want to be re-
contacted under all circumstances when research results
are generated. In addition, one-third of them want to be
re-contacted only if the results reveal a certain disease.
Elucidation of the type of research results of interest to
students is another area to be investigated further.

In addition to sharing biospecimens, biobanks are asso-
ciated with data sharing. The issue of data sharing, par-
ticularly, genomic data has been under investigation and
debate for some time. Regulations such as the Genomic
Data Sharing (GDS) policy in the US [25] and the Gen-
eral Data Protection Regulation (GDPR) to biobanking
in Europe [26] have already been set up. There have also
been calls to revisit regulations related to data sharing in
two high-income countries, namely Canada and Australia
[27, 28]. A disparate rate of approval among students at
the University of Jordan to participate in biobanking was
noted depending on the identity of researchers. Students
were less eager to participate if the researchers are iden-
tified as non-Jordanian and, particularly, non-Arab. This
is not restricted to Jordanian students where Egyptians
also expressed concern about the export of their bio-
specimens abroad [29]. The same is also true in the US
where survey respondents were less in favor of having
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their biospecimens and data be shared with researchers
outside the US [30]. In two multi-national studies, the
identity of researchers was a significant and common
factor in determining public acceptance of data sharing
[31, 32]. Hence, transparency of biobanks and research-
ers in dealing with biospecimens and data, in addition to
the setting up of national guidelines for biospecimen and
data sharing is necessary in order to increase trust among
the public including university students, and to facilitate
international collaboration.

Conclusions

The results presented herein offer a promising outlook
for biomedical research and biobanking in Jordan illus-
trating high student interest in these initiatives. Certain
issues must be considered when attempting to involve
the young generation in Jordan in biomedical research
and biobanking. These issues include clarity regarding
the concepts, purposes, and operational procedures of
biobanks as well as the outcome of research from a per-
sonalized perspective. However, further and in-depth
investigation regarding particular aspects related to
biobanking is needed including data sharing, level of par-
ticipation, and return of research results.

A major strength of this study is the inclusion of stu-
dents of different disciplines with various demographic
backgrounds representing a diverse group and, hence,
providing credibility to the generated data. However,
some limitations are worth noting. First, responses were
based on a self-reporting, electronic questionnaire, a
method that could overestimate students’ understanding
of some items or may allow them to answer the question-
naire hastily. Additionally, using online data collection
platforms could have prevented reaching a certain seg-
ment of students, i.e. those with lower academic standing
(i.e. GPA) or from non-scientific disciplines.

Abbreviation
GPA: Grade-point average.
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