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Background: Although knowledge is an important factor that influences decisions regarding deceased organ donation,
the associations of knowledge with attitude and behavior regarding organ donation remain uncertain in coun-
tries with low organ donation rates like Japan.

Material/Methods: We conducted a cross-sectional survey of hospital medical and non-medical staff in 15 Japanese medical fa-

cilities. The questionnaire included items on knowledge, attitude, and behavior toward deceased organ dona-
tion and transplantation. Participants were divided into 3 groups according to the tertile of knowledge score.
Modified Poisson regression models were used for associations of knowledge score with organ donor registra-
tion and willingness to become an organ donor after death.

Results: Of the 1967 staff, 1275 returned the questionnaires (response rate, 64.8%). There were 1190 study subjects
with complete data for analysis. For the lowest (n=512), middle (n=428), and highest (n=250) tertile knowl-
edge groups, the proportions of participants who registered and expressed willingness to donate organs were
20.1%, 23.4%, and 28.4% and 31.1%, 38.3%, and 44.0%, respectively. The adjusted proportion ratios for organ
donor registration were 0.90 (95% Cl, 0.73-1.10) for the middle and 1.00 (0.80-1.26) for the highest tertile
of knowledge, compared with the lowest tertile. However, participants with the highest tertile of knowledge
score expressed higher willingness for organ donation than the lowest tertile (adjusted proportion ratio, 1.37;
95% Cl, 1.13-1.66).

Conclusions: For hospital staff in Japanese medical facilities, high knowledge about organ donation and transplantation was
not associated with donor registration, but was associated with willingness to become an organ donor.
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Background

Tremendous progress has been made in organ transplanta-
tion over the past 2 or 3 decades [1]. Not only has it improved
the survival and quality of life of patients with end-stage or-
gan failure, but it has also provided economic benefits [2].
However, the shortage of solid organs available for transplan-
tation remains a longstanding and serious global problem [3,4].
The above is true also for Japan. A total of 2207 solid organ
transplantations were performed in Japan in 2016 [5]. However,
while the graft survival rate in Japan is comparable to those
reported by other countries like the USA [6,7], Japan lags be-
hind other countries in terms of deceased donor transplan-
tation. In fact, about 85% of solid organ transplantations in
Japan were living donor transplantations [5]; sadly, the number
of deceased organ donors in Japan in 2017 was only 0.88 per
million population (pmp), which is far lower than, for example,
that of Spain (46.90 pmp) and the USA (31.96 pmp) [8]. Even
among Asian countries, Japan lags behind Korea (9.95 pmp)
and Taiwan (4.50 pmp), for example. Consequently, approxi-
mately 14 000 Japanese patients in need of transplantation re-
main on the waiting list at present and, for example, patients
with end-stage kidney disease have to wait for donor organs
for 13.3 years on average [9], which is much longer than the
waiting period in other countries [7].

The major barriers to deceased organ donation are, in gen-
eral, lack of knowledge about deceased organ donation and
transplantation, religious and cultural perspectives, and mis-
trust about organ transplantation and the criteria applied for
the definition of brain death [10-12]. These barriers could be
potentially overcome through identification of potential organ
donors and donation requests, family support in the inten-
sive care unit, education, social media, and law enforcement
(opt-out system) [13-16]. Among these, education of both the
healthcare professionals and the general public is a key factor
in enhancing organ donor registration [17-19]. Systematic re-
views show that educational programs on deceased organ do-
nation and transplantation effectively influenced participants’
willingness to become organ donors and to register as an or-
gan donor [20,21]. For example, highly educated physicians
were reported to be more likely to donate their own organs
and feel more comfortable in approaching the family of po-
tential organ donors [22]. However, because such education is
not systematically incorporated into the medical and nursing
curricula, even medical and nursing students and healthcare
professionals do not necessarily have enough information or
knowledge in this area [23-27]. Therefore, effective approach-
es are needed to raise awareness of the organ shortage and
to educate not only the general population, but also health
professionals, about deceased organ donation.
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Previous studies showed the significant impact of knowledge
on attitude and behavior regarding deceased organ dona-
tion [28]. Most previous studies that assessed the relation-
ships among knowledge, attitude, and behavior regarding or-
gan donation were conducted in countries with moderate or
high deceased organ donation rates [22,24,27,29-33], and lit-
tle information is available on such relationships in countries
with low deceased donation rates.

The purpose of the present study was to quantitatively assess
the associations of knowledge level with willingness to be-
come an organ donor after death and organ donor registration
in Japan, a country with a low deceased organ donation rate.

Material and Methods

Study design, setting, and participants

This was a multicenter cross-sectional study conducted at
the Saku Central Hospital Group in Nagano Prefecture, Japan.
The group consists of 15 medical facilities: 3 clinical hospi-
tals, 2 geriatric health services facilities, 6 home-visit nursing
stations, 2 institutions that provide rural medicine and orien-
tal medicine, 1 clinic, and 1 healthcare center. Although Saku
Central Hospital Advanced Care Center, the largest of the 3
clinical hospitals, is a 450-bed tertiary hospital, no full-time
transplant surgeons or infectious disease physicians had ever
worked in the facility [34]. Therefore, only a few living donor
kidney transplantations are performed each year in that Center.

Our study was conducted between November 1 and December
31, 2014. There were 1967 full-time medical and non-medical
staff in the hospital group at the start of the study and all the
full-time staff were eligible for study participation. Those who
did not respond to the survey were excluded. The Institutional
Review Boards of Saku Central Hospital Group and Kyoto
University approved the study (#E2241). Returning a com-
pleted questionnaire was regarded as consent for study par-
ticipation. Participation was voluntary and uncompensated.

Exposure

The main exposure variable was knowledge regarding de-
ceased organ donation and transplantation. We assessed the
participants’ level of knowledge on the basis of responses to
the 20 either/or questions listed in Table 1. Since there was
no validated questionnaire on knowledge regarding organ do-
nation and transplantation at the time of our study in Japan,
we developed a total of 20 items about knowledge based on
the Delphi method [35]. The Delphi method is a validated ap-
proach for achieving consensus on core outcomes for clinical
trials in medical areas, and consists of iterative surveys with
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Table 1. Twenty either/or questions to assess participants’ knowledge about deceased organ donation and transplantation in Japan.

Q: Each statement below concerns deceased organ donation and transplantation in Japan. Please select either “Yes” or “No”

Patients with brain death are no longer capable of recovery
Brain death is always regarded as death in Japan

@ P gD BN =

Network

About 30% of Japanese people provide explicit consent for deceased organ donation

People who are at least 20 years old and over can provide consent to express their willingness to donate organs after death
The annual number of living organ donations is more than that of deceased organ donations

Patients who want to receive deceased organ transplantation are required to register with the Japan Organ Transplant

7. Patients who register for the waiting list wait an average of 5 years to receive deceased organ transplantation because of

shortage of deceased organ donation

8. Families receive money from the government if a patient donates his or her organs after death

9. Deceased organ donation from children who are less than 6 years old is prohibited

10. After brain death, people can donate the heart, lung, liver, kidney, intestine, and eye

11. Preferentially donating organs to relatives after death is prohibited

12. Donating organs after death is allowed with family consent even if the patient’s donation status is unknown

13. Institutional review boards in hospitals for transplantation fairly determine which patient will receive deceased organ

transplantation

14. Attending physicians and nurses need to discuss deceased organ donation in detail with family members of patients with

brain death and obtain informed consent from them

15. Survival rate of organ transplant recipients is almost equivalent to that of patients who choose other treatment options

16. Organ transplant recipients can stop taking all immunosuppressive agents within several years after transplantation

17. Organ transplant recipients are not allowed to take part in any exercise or sports activities

18. Female kidney transplant recipients are not allowed to give birth, even if their recovery after transplantation is promising
19. There are some patients who pay a great deal of money to receive transplantation illegally in other countries

20. If we compare the number of deceased organ donations per million people between Japan, Spain, and the USA, Spain is the

leading country, followed by the USA and Japan

responses to reach consensus among a panel of experts [35].
First, 2 transplant nephrologists (MM and MI) identified the
potential questionnaire items from previous studies that fo-
cused on knowledge [22,24,25,29,31,32]. To account for the
particular situation of organ donation in Japan, MM and MI
also referred to an information booklet, The Gift of Life, which
had been prepared by the Japan Organ Transplant Network for
the general population [9]. The booklet contains basic infor-
mation about deceased organ donation and transplantation,
comparison of deceased organ donation rates between coun-
tries including Spain and the USA, and sports in transplant re-
cipients. Thus, 24 potential items were extracted for the first
round of questionnaires.

Second, 11 experts, consisting of 6 transplant nephrologists,
4 nephrologists, and a single transplant surgeon in 4 academic
and 4 community hospitals in Japan, formed the expert panel.
We conducted the first round of questionnaire in which we
asked 11 expert members to rate each item based on appro-
priateness (appropriate or inappropriate) by e-mail. A free text
box was also included for comments. The percentage of agree-
ment for each questionnaire item was defined based on the
proportion of experts who rated the item. Seventeen of 24 po-
tential items with a percentage of agreement of >80% were
taken through to the second round of questionnaire and the
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remaining 7 items were allocated for discussion and modifi-
cation during the subsequent expert panel meeting.

Third, 5 core members of the 11-panel team attended the panel
meeting to have a face-to-face discussion about the potential
questionnaire items appraised in the first round of question-
naires and to reach a consensus. In this meeting, the experts
commented on the potential items and assessed them quali-
tatively. At the end, 3 potential indicators were deleted and
4 were modified.

After the expert panel meeting, the list of all accepted and
modified potential items was converted into the second-round
questionnaire and emailed to all panel members again for final
appraisal. In this second round, the respondents were asked to
rerate the potential items in the same way as the first round.
They were shown the results of the first round and comments
from experts. Thus, the 19 items with percent agreement
of >80% were selected as the set of questionnaires. Because
a single item was elected by the 5-panel members to be re-
tained, the final set consisted of 20 items. The 20-item ques-
tionnaire was pilot-tested in a sample of 20 medical staff at
another hospital and 20 individuals from the general public at
large [36]. Based on the results of the pilot study, none of the
items required modification or deletion from the questionnaire.
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The total score ranged from 0 to 20, with higher scores indicat-
ing better understanding. We divided the participants’ know!-
edge score into lowest, middle, and highest groups by tertiles.

Outcomes

Our primary outcome of interest was organ donor registra-
tion and the secondary outcome was willingness to become
an organ donor after brain or circulatory death. At the time
of our study, 4 modalities were available for Japanese to de-
clare their consent to deceased organ donation. These includ-
ed web-based registration and signed consent on either the
health insurance card, driver’s license, or donor card. We de-
scribe here these 4 modalities as “organ donor registration”,
indicating clear consent to donate organs after death [37].

Measurements

We measured outcomes using an anonymous questionnaire
developed by our group and validated in our previous stud-
ies [25,37]. The questionnaire asked about attitude toward
deceased organ donation, with options of “Yes”, “No”, or
“Uncertain”. Only “Yes” was regarded as being positive for will-
ingness. When the participant responded “Yes” to the ques-
tion, we asked about the modality s/he selected to indicate
consent for deceased organ donation. In addition to knowl!-
edge and the 2 outcomes of interest, data on age, sex, life-
style, marital status, health status, experience in obtaining in-
formation or knowledge regarding transplantation and their
sources, occupation, family discussion about organ donation,
and work experience in organ transplantation were obtained
through the questionnaires.

At the start of the study, each department head at each med-
ical facility explained the present study and distributed the
questionnaire to each staff member according to occupation.
The collection box was placed in each department, taking ac-
count of the response rate. However, due to the large number
of nurses in the Saku Central Hospital Group, the above proce-
dure was conducted at each ward of the hospital. Participants
placed the questionnaire in sealed opaque envelopes and re-
turned them to the collection box during the study period.

Statistical analysis

Before the main analysis, we tested the reliability and validity
of the 20 either/or questions that assessed knowledge among
the study population. We evaluated the internal consistency re-
liability using Cronbach’s alpha. The minimum acceptable value
was set at an alpha of >0.7 [38]. To test the criterion validity,
we categorized the medical staff who have been engaged in
organ transplantation as “experienced medical staff” and all
other medical staff as “non-experienced medical staff” [39].
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Thus, we compared the mean (standard deviation; SD) knowl-
edge score between experienced medical staff, non-experienced
medical staff, and non-medical staff group. Trends between
the 3 groups were analyzed using the trend test.

We performed a complete case analysis. Summary statistics
were presented as median values (interquartile range; IQR) for
continuous variables and percentages for categorical variables.
We divided participants into tertiles based on the knowledge
score: lowest, middle, and highest tertile groups. Data of the
subject characteristics of the 3 groups were compared by the
Kruskal-Wallis test for continuous variables and chi-squared
test for categorical variables.

We used a modified Poisson regression with robust error vari-
ance to estimate the proportion ratios and 95% confidence in-
tervals (95% Cl) for the associations of knowledge level with the
outcomes [40]. Since the odds ratio always overestimates the rel-
ative risk ratio when the outcome is not rare [41], Poisson regres-
sion is preferred over logistic regression in these situations [42].
The multivariable models were adjusted for age, sex, occupa-
tion (medical or non-medical staff), family discussion about de-
ceased organ donation, work experience in organ transplanta-
tion, and willingness to become an organ donor [11,29,30,43,44].
The proportions of outcomes were compared using the lowest
tertile of knowledge score as the reference.

To test the robustness of our findings, we conducted 2 sensitiv-
ity analyses. First, we repeated the analysis using different cut-
off values of knowledge score. The cut-off points were selected
based on a pilot test. Second, we used multiple imputations by
chained equations to handle missing covariates (data on age,
sex, occupation, and work experience in organ transplantation
were missing in 2.3%, 2.3%, 1.0%, and 0.6% of cases, respec-
tively). In addition, we performed subgroup analysis stratified
by occupation (medical vs. non-medical staff) based on a pre-
vious study [26]. Statistical tests were two-sided, and P val-
ues of less than 0.05 were considered statistically significant.
All statistical analyses were performed using STATA statistical
software, version 13.0 (STATA Corporation, College Station, TX).

Results

Knowledge

The questions were found to be reliable, with a Cronbach’s
alpha coefficients of 0.76. There was a statistically significant
difference in knowledge score by occupation and work experi-
ence in organ transplantation. The mean (SD) knowledge scores
among experienced medical staff, non-experienced medical
staff, and non-medical staff group were 14.6 (2.3), 13.9 (2.0),
and 11.7 (2.9), respectively (P for trend <0.001).
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| 1967 Staff received questionnaire |

1275 Staff completed the questionnaire
(response rate 64.8%)

No response (n=692)

Figure 1. Flow chart of the subject recruitment
process.

Missing (n=31)
Exposure (knowledge) (n=31)

Sensitivity analysis |«——{ 1244 Staff |

Age (n=28)
Sex (n=29)
Occupation (n=13)

Excluded for missing covariates (n=54)

Work exprerience on organ transplantaion (n=7)

Main nalysis |<—|

1190 Participants |

Participants

Of the 1967 full-time staff from 15 participating medical facili-
ties, 1275 (64.8%) returned completed questionnaires. Eighty-
five participants were excluded because of missing information
on exposure and covariates. Since there were no missing data
on other characteristics, the participants who were included
in the main analysis were the same as those with complete
data (Figure 1). Among the 1190 participants with complete
data, the response rate for each profession was as follows:
doctors 22.9%, nurses 72.8%, health nurses 17.9%, obstet-
ric nurses 52.3%, pharmacists 47.6%, clinical laboratory tech-
nicians 81.7%, clinical radiologists 40.0%, clinical engineers
63.6%, occupational therapists 59.0%, physical therapists
60.7%, nutritionists 48.5%, care workers 60.2%, other medical
staff 61.8%, and non-medical staff 82.0%. The characteristics of
the study participants according to tertiles of knowledge score
are shown in Table 2. The median age of the entire group was
35 years (IQR 28-45) and 70.8% were females. These charac-
teristics were very similar to those of 1967 eligible staff (me-
dian age 35 [IQR 27-44] and females 68.0%).

For the lowest (n=512), middle (n=428), and highest (n=250)
tertile groups, the median (IQR) knowledge scores were 12
(11-13), 14 (14-15), and 16 (16-17), respectively. Participants
with the highest tertile of knowledge were more likely to be
older female medical staff. They were more likely to have sought
information or gained knowledge about organ transplantation,
engaged in organ transplantation, and/or discussed organ do-
nation with their families.

Outcome
Table 3 shows attitude and behavior regarding organ donation,

according to tertiles of knowledge score. For the lowest, mid-
dle, and highest groups, the proportions of participants who
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registered as organ donors and expressed willingness to be-
come organ donors after death were 20.1%, 23.4%, and 28.4%
and 31.1%, 38.3%, and 44.0%, respectively.

The associations of knowledge with attitude and behavior re-
garding organ donation are shown in Table 4. In the modified
Poisson regression models adjusted for age, sex, occupation,
family discussion, work experience in organ transplantation,
and willingness to become an organ donor, the adjusted pro-
portion ratio for organ donor registration was 0.90 (95% Cl,
0.73-1.10) for the middle tertile and 1.00 (95% Cl, 0.80-1.26)
for the highest tertile of knowledge, compared with the low-
est tertile. However, subjects in the highest tertile of know!-
edge had greater willingness to donate organs than those of
the lowest tertile (adjusted proportion ratio, 1.37; 95% Cl,
1.13-1.66). Supplementary Table 1 shows the adjusted propor-
tion ratios for each characteristic in the multivariable models.

The 2 sensitivity analyses showed no association between
knowledge and donor registration. However, participants of
the middle and highest tertiles had greater willingness to do-
nate organs after death than the lowest tertile in both sen-
sitivity analyses, respectively (Supplementary Tables 2, 3).
The results of subgroup analyses also indicated no associa-
tion between knowledge and donor registration among the
medical staff (Table 5). However, although the sample size
was small, higher level of knowledge was associated with a
higher but insignificant increase in donor registration among
the non-medical staff (Table 5).

Discussion

The present study found no association between high level
of knowledge about deceased organ donation/transplanta-
tion and being a registered organ donor. However, the results
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Table 2. Characteristics of study participants by knowledge score about deceased organ donation and transplantation.

Knowledge score

(n=1190) Lowest tertile  Middle tertile Highest tertile P value

(n=512) (n=428) (n=250)
Knowledge score, median (IQR), range 15 2=, 12 (@10, 11 =), 15 (1277, <0.001
5-20 5-13 14-15 16-20

Age, median (IQR), range, years 352%?;‘115)’ 342%:‘1‘3)’ 352%?;‘7‘6)’ 392(52;‘1‘7)’ <0.001
| roessinen 842 (708) 334 (652) 319 (745 189 (756) 0001
| e hmen B e 821 (69.0) 346 (67.6) 303 (708) 172 (688) 057
| e e, 06 683 (57.4) 200 (56.6) 248 (579) 145 (580) 090

E::;i?:gii::eﬂst(l;) visiting physicians for 242 (20.3) 105 (20.5) 77 (18.0) 60 (24.0) 0.17

:'t';tst“:):’gfa‘:]b;‘::'snpgl;:;’trg’:t':'E/°)r knowledge 1033 (86.8) 427 (83.4) 377 (88.1) 229 (91.6) 0.004
| sonecimeme e s e e ]
”””” Televison 87 (695 362 (707) 200 (67.8) 175 (700) 061
| e fesE) 0 560 (47.1) 214 (418) 201 (470) 145 (580) <0001
”””” Newspapers 535 450) 227 (443) 196 (458) 112 (448) 090
”””” Medical education 334 (281) 127 (248 136 (18 71 (284 006
”””” nternet 2287 102 (199 77 (180) 43 (172) 060
”””” High school education 9% (81 47 (92 33 (7)) 16 (64 039
”””” Social networking sevice 19 (16) 9 (.8 7 (L§ 3 (12 084
”””” Physiians 51 @43 12 (3 19 @4 20 80
”””” Narses 602 (506) 229 447) 231 (540) 142 (568)
”””” Healthnurses 26 (2 9 (18 10 @3 7 @8
”””” Obstetricrurses 23 (19 10 (0 6 (4 7 @8
”””” Pharmacists 20 @7 5 10 11 & 4 e
”””” Clinical laboratory technicians 67 (56) 25 (49 27 63 15 60
”””” Clinical radiologists 18 (1§ 7 (4 8 (9 3 a2
”””” Clinical engineers 21 (18 7 (4 7 e 7 @8
”””” Occupational therapists 23 (9 11 (2 10 @3 2 08
”””” Physical therapists 37 (1) 12 3 21 49 4 (e
”””” Nutritiomists 16 (13 9 (18 5 12 2 08
”””” Careworkers 6 (52 31 (1) 19 @44 12 48
”””” Othermedicalstaff 42 (35 19 @7 1 G 7 @8
”””” Non-medicalstaff 182 (153) 126 (46 38 89 18 (0.2
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Table 2 continued. Characteristics of study participants by knowledge score about deceased organ donation and transplantation.

Knowledge score

(n=1190) Lowest tertile  Middle tertile Highest tertile

(n=512) (n=428) (n=250)
Work experience in organ transplantation, n (%) <0.001
Medical staff who has never been engaged in 768 (64.5) 310 (60.6) 300 (70.1) 158 (63.2)
organ transplantation
Medical staff who has been engaged in organ 240 (20.2) 76 (14.8) 90 (21.0) 74 (29.6)
transplantation
S el SR R 505 (42.4) 184 (35.9) 198 (46.3) 123 (49.2)  <0.001

donation, n (%)

* The sum of the percentages exceeds 100 because selection of more than one source of information or knowledge was permissible.
IQR — interquartile range.

Table 3. Attitude and behavior towards deceased organ donation according to tertiles of knowledge score.

Knowledge score

Outcome (n=1190) Lowest tertile Middle tertile  Highest tertile
(n=512) (n=428) (n=250)
Organ donor registration, n (%) 274 (23.0) 103 (20.1) 100 (23.4) 71 (28.4)
”””” Driver's license card 147 (124) 56 (109) 58 (136) 33 (132
”””” Donorcard 138 (116) 46 (90) 48 (112 44 (176)
”””” Health insurance card 08 01 43 84 38 B9 27 (108
”””” Online registration 1 0y o © o © 1 04
 Willingness to donate organs after death, n (%) 433 (364) 159 (11) 164 (383) 110 (440)
”””” Willingness to donate organs after brain death 361 (303) 130 (254) 133 (311) 98 (392
”””” Willingness to donate organs after circulatory death 401 (337) 155 (303) 149 (348) 97 (388)

Table 4. Association (proportion ratio and 95% Cl) of knowledge score with attitude and behavior toward deceased organ donation.

Outcome

Middle tertile (n=428) Highest tertile (n=250)

Organ donor registration

Unadjusted 1 [reference] 1.16  (0.91-1.48) 141  (1.09-1.83)
Adjusted* 1[reference] 090 (073-110) 100 (0.80-126)
Willingness to donate organsafter death 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
Unadjusted 1[reference] 123 (L03-147) 142 (L17-171)
Adjusted 1[reference] 116 (098-138) 137 (113-166)

* Modified Poisson regression analysis adjusted for age, sex, occupation (medical or non-medical staff), work experience in organ
transplantation, family discussion about deceased organ donation, and willingness to donate organs after death; ** Modified Poisson
regression analysis adjusted for age, sex, occupation (medical or non-medical staff), work experience in organ transplantation, and
family discussion about deceased organ donation. Cl — confidence interval.
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Table 5. Subgroup analysis of association (adjusted proportion ratio and 95% Cl) between knowledge score and attitude and behavior

toward deceased organ donation stratified by occupation.

Organ donor registration

Non-medical staff** (n=182)

1 [reference]

0.90 (0.73-1.10) 097 (0.77-1.22)
0.68  (0.15-3.00) 173 (0.65-4.59)
1.19  (1.00-1.43) 131 (1.07-1.61)
0.82 (0.43-1.53) 204 (1.28-3.24)

* Modified Poisson regression analysis adjusted for age, sex, work experience in organ transplantation, family discussion about
deceased organ donation, and willingness to donate organs after death; ** Modified Poisson regression analysis adjusted for age, sex,
work experience in organ transplantation, and family discussion about deceased organ donation. Cl — confidence interval.

showed that high knowledge level was associated with will-
ingness to become an organ donor after death. These associa-
tions were observed within subgroups of participants stratified
by occupation. The results suggest that increasing knowledge
is essential, but not necessarily sufficient to narrow the gap
between positive attitude and actual behavior among the hos-
pital staff in Japan.

Although previous studies assessed the association between
knowledge and attitude/behavior toward organ donation,
their results varied widely and the issue remains controver-
sial. For example, educational programs that provided know!-
edge were significantly associated with organ donor registra-
tion [20,21]. Especially, knowledge about the concept of brain
death, the transplant allocation system and experiential know!-
edge of recipients were considered more influential than oth-
ers in the donation decision-making process [28,45]. Several
cross-sectional studies concluded that knowledge was asso-
ciated with willingness to become an organ donor [27,29,31]
and organ donor registration [22,32] after multivariate ad-
justment. Conversely, other studies showed no such associ-
ation [24,30,33,46]. These discrepancies are related not only
to the measurement of “knowledge”, which ranged from 1
to 32 questions, but also to different backgrounds and loca-
tions (countries), suggesting that the decision to become a
donor may come into conflict with the prevailing knowledge.

In the present study, knowledge was not associated with organ
donor registration. Moreover, the proportion of hospital staff
who registered as organ donors was only 23%. Several fac-
tors are cited as the main barriers to donation of organs after
death worldwide [47]. Although there is no qualitative study
that investigated the barriers in detail in Japan, these can be
explained in part by religious and cultural perspectives and
mistrust about deceased organ transplantation [11,43,48,49].

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€918936-8

First, it has been reported that Southeast Asians, including
Japanese, are more reluctant to provide consent for organ do-
nation than are white people [23,50]. Because the tradition of
maintaining physical integrity of the body after death is prev-
alent, the majority of such subjects are less likely to regis-
ter as an organ donor compared to those without such back-
ground [51-53]. This tradition is also maintained in Shinto,
the most widespread religion in Japan [10,54]. A recent na-
tional survey in Japan reported that only 41.9% of the gen-
eral population had a favorable view on deceased organ dona-
tion [55]. Second, there remains a tradition of not talking about
death and dying because of death anxiety [12]. In the same
national survey, only 35.4% of Japanese were reported to have
discussed deceased organ donation with their families [55].
Third, there is a gap between attitude and behavior regard-
ing deceased organ donation. The same survey also reported
that only 12.7% had already registered as organ donors [55].
In this regard, the first heart transplantation performed in
Japan in 1968 left a negative impact among the general pub-
lic, a response markedly different from other Asian countries
with high deceased organ donation rates. Because the oper-
ator was accused of using invalid criteria for the diagnosis of
brain death of the donor and need for surgery of the recipi-
ent, that transplantation caused longstanding mistrust about
deceased organ transplantation in Japan [56]. To narrow the
gap between positive attitude and actual behavior, it is nec-
essary that intensive care and emergency care profession-
als and donor coordinators receive standardized training and
have discussions with the families of potential donors about
cultural, religious, and historical backgrounds, in addition to
public education [18,57].

Our study has several important strengths. First, to the best of
our knowledge, it is the first to quantitatively assess the asso-
ciation between knowledge and attitude/behavior regarding
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deceased organ donation in a country with a low deceased
organ donation rate. Second, all previous studies that iden-
tified knowledge as a significant predictor of attitude and
behavior toward organ donation were exploratory in na-
ture [22,27,29,31,32] and were designed to estimate the odds
ratio, which always overestimates the relative risk ratio when
the outcome is not rare [41]. Third, most previous studies exam-
ined the association of partial knowledge, such as the concept
of brain death, and attitude/behavior regarding organ dona-
tion [27,29,31,32]. Fourth, we developed a new questionnaire
on comprehensive knowledge about deceased organ donation
and transplantation following the Delphi method and verified
the internal consistency reliability and criterion validity among
this population. Finally, we applied tertile analysis of knowl-
edge scores. The reason for implementing this approach was
based on previous studies, which commonly grouped partici-
pants based on predefined cut-off values of knowledge score
into “+knowledge” and “~knowledge” [22,27,29-32]; such
a methodology may not fully reflect the differences in the
knowledge level.

Apart from the above strengths, our study has the following
limitations. First, due to the cross-sectional design, we could
not determine a temporal association or causal relationship.
Second, the response rate remains a major concern for non-
response bias, although approximately two-thirds of the staff
responded to the survey. Third, we could not collect detailed
information on the non-responders, although the age and sex
of the entire group were similar to those of the eligible staff.
Fourth, the outcome may not accurately reflect the actual be-
havior because of social desirability response bias among par-
ticipants. Since all data were collected using the self-reported
questionnaire, we could not directly confirm whether or not
they actually registered as an organ donor [37]. However,
the subjects were asked to select the modality that indicates
consent for deceased organ donation when they responded
by “Yes” to those questions. We also measured outcomes
anonymously to alleviate this bias in any way possible. Fifth,
we could not assess the test-retest reliability [58] or other va-
lidities, such as known-groups validity and predictive validity
of the 20 questions. Sixth, we excluded subjects with miss-
ing data in the main analysis. Although this could potentially
have resulted in selection bias [59], such individuals formed
less than 7% of the total number of participants in this study.
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In addition, the results did not change, even after a sensitivity
analysis with multiple imputation methods for missing values
of adjustment covariates. Seventh, the non-medical staff con-
stituted only 15.3% of the participants in our study. Although
not statistically significant, the adjusted proportion ratio for
organ donor registration was higher in the highest tertile of
knowledge score compared with the lowest tertile among
the non-medical staff. Further investigation with larger sam-
ple size is needed to clarify this relationship. Eighth, despite
our attempts to reduce the impact of confounding in our re-
sults, there is likely residual bias. For example, we could not
ask the participants about religious beliefs because the Ethics
Review Committee of Saku Central Hospital Group did not ap-
prove this item. The final limitation is related to external va-
lidity. Because we recruited participants mainly among medi-
cal staff in a rural area in Japan to increase the response rate,
one cannot generalize the findings to other hospital staff in
other areas, or to other occupational groups or populations
with different demographics. Although we need to confirm the
generalizability of our study among these other populations
in Japan in the next step of our investigation, medical staff
plays an important role in the organ procurement process, and
those who are more comfortable answering questions about
organ donation from patients’ families will be more success-
ful in obtaining consent [60].

Conclusions

The results of this cross-sectional study showed no associ-
ation between high knowledge level about deceased organ
donation and transplantation and organ donor registration
among hospital staff in Japanese clinical facilities. However,
the study identified significant association between knowledge
and willingness to donate organs after death. These findings
suggest that providing knowledge is essential, but not neces-
sarily enough to narrow the gap between positive attitude and
actual behavior in deceased organ donation. Effective strat-
egies based on the prevailing religious, cultural, and histori-
cal backgrounds may be helpful in closing this gap in Japan.
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Supplementary Data

Supplementary Table 1. Association (adjusted proportion ratio and 95% Cl) of characteristics of study participants with attitude and
behavior toward deceased organ donation.

Characteristics Organ donor Willingness to donate

registration* organs after death*

Age per 1 year 1.00 (0.99-1.00) 0.99 (0.98-0.99)
Female sex (vs. Male se) 103 (084-127) 085 (0.72-0.99)
Occ;i:;;i;;)n 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
Experienced medical staff (vs. non-medical staff) 227 (La7-35) 100 076-131)
Non-experienced medical staff (vs. non-medical staff) 199 (131302 111 (088-139)
Family discussion about deceased organ donation 192 (153-240) 214 (183250
Willingness to donate organs after death 597 (a47-797) N

* Modified Poisson regression analysis adjusted for the above participants’ characteristics.

Supplementary Table 2. Sensitivity analysis of association (adjusted proportion ratio and 95% Cl) between knowledge score and
attitude and behavior toward deceased organ donation based on cutoff points of knowledge score.

Knowledge score

Outcomes
<12 (n=304) 13-16 (n=771) 17-20 (n=115)
Organ donor registration* 1 [reference] 092 (0.73-1.17) 094 (0.69-1.28)
Willingness to donate organs after death** 1 [reference] 1.26  (1.04-1.53) 1.59  (1.22-2.08)

* Modified Poisson regression analysis adjusted for age, sex, occupation (medical or non-medical staff), work experience in organ
transplantation, family discussion about deceased organ donation, and willingness to donate organs after death; ** Modified Poisson
regression analysis adjusted for age, sex, occupation (medical or non-medical staff), work experience in organ transplantation, and
family discussion about deceased organ donation. Cl — confidence interval.

Supplementary Table 3. Sensitivity analysis of association (adjusted proportion ratio and 95% Cl) between knowledge score and
attitude and behavior toward deceased organ donation after multiple imputation.

Knowledge score
Outcomes

Lowest tertile (n=534) Middle tertile (n=446) Highest tertile (n=264)

Organ donor registration* 1 [reference] 0.92 (0.75-1.13) 0.99 (0.79-1.23)

Willingness to donate organs after death** 1 [reference] 1.19 (1.01-1.41) 1.39 (1.15-1.67)

Multiple imputation for missing covariate variables was used. * Modified Poisson regression analysis adjusted for age, sex, occupation
(medical or non-medical staff), work experience in organ transplantation, family discussion about deceased organ donation, and
willingness to donate organs after death; ** Modified Poisson regression analysis adjusted for age, sex, occupation (medical or non-
medical staff), work experience in organ transplantation, and family discussion about deceased organ donation. Cl — confidence
interval.
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