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ABSTRACT

Objectives Various MAI-driven systems have been put into use, which challenged the clinical

experience and sense of agency among pediatric healthcare workers in consultation, diagnosis, and

treatment. We aimed to investigate knowledge and attitudes toward Ethical Management of Medical

Artificial Intelligence Application in Pediatrics among healthcare workers.

Design A single-center cross-sectional study using convenience sampling.

Setting Data from a tertiary children’s hospital in July 2022 in Shanghai, China.

Participants There were 137 pediatricians, 135 nurses and 60 health information technicians. Both

inclusion criteria should be met: (i) working as a pediatrician (including graduate students in

pediatrics), nurse, and health information technician in the hospital, (ii) with experience in using

pediatric MAI system at work. Participants were excluded if their answering time was less than 150

seconds which was based on a pilot survey, or their answers were illogical.

Primary and secondary outcome measures Healthcare workers’ knowledge and attitude level

toward ethical management of MAI application in pediatrics were investigated through 21-item

Likert scale questionnaire. The participants’ gender, age, educational level, occupation, and

professional titles were also collected.

Results Most of the participants had low-level knowledge, and high-level awareness of ethics

implementation in pediatric Al. In the knowledge dimension, 3.6%-29.5% of the participants replied

to “not at all familiar”, 37.0%-53.6% replied to “slightly familiar”. In the attitude dimension, 52.4%-

62.0% of them replied to “agree” and 19.9%-33.7% replied to “strongly agree”. Health information

technicians accounted for the highest proportion of the participants who had high-level knowledge,

and doctors accounted for the highest proportion among those who had high-level acceptance.
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Conclusions It is important to popularize the basic knowledge and conduct further research to

verify approaches for ethics implementation in MAL.
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INTRODUCTION

Artificial Intelligence (Al) originated at Dartmouth Conference in 1956. The Al system in our

study refers to the one with the capacity to process data and information by reasoning, learning,

perceiving, predicting, planning, or controlling. ' The application of Al systems in the clinical

domain is characterized by screening high-risk individuals for a certain disease, matching effective

personalized treatment, facilitating clinical decisions, and improving resource allocation and

personal health management. 3-3

Children might not clearly provide medical history by themselves or cooperate well with

physical examination, which increased the difficulties in diagnosis, treatment, and nursing care. In

contrast to the heavy workload in pediatric clinical practice, there is a great shortage of pediatric

healthcare workers in China. According to the 2021 China Health Statistics Yearbook, the number

of pediatricians was 168,000, and the number of pediatricians per 1,000 children (0-14 years old)

was 0.66 as 0f 2020.% Recently the United Nations Educational, Scientific and Cultural Organization

(UNESCO) and the World Health Organization (WHO) both advocated the development and

deployment of MALI for children and youth. Supported by algorithms, more Al-driven systems for

pediatric clinical practices have consequently brought about new scenes of its application such as

analyzing radiology imaging of children, 7-® making an accurate diagnosis for children with the

common or rare disease based on electronic medical records or multimodal clinical data, 12

identifying the risk of early deterioration for critically ill children through medical record data and

video materials,'>'* and using robots for pre-consultation, triage and referrer for children.!s

However, while Al brings higher efficiency, accuracy, and convenience to pediatric clinic, it also

leads to ethical issues such as privacy protection, prejudice, and determination of medical damage
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infringement liability, alienation of doctor-patient relationship, and assuring human rights for

decision-making.!6-17

Research institutions both in China and other countries have put forward several principles,

guidelines, and norms for ethical governance of MAI, such as the WHO guidance of  Ethics and

Governance of Artificial Intelligence for Health and the UNESCO recommendation on the ethics of

artificial intelligence issued in June and November 2021 respectively,"-!” the New Generation of

Ethical Norms of Artificial Intelligence by the Ministry of Science and Technology of China

published in September 2021,'8 and the Guidelines of Strengthening Governance over Ethics in

Science, Technology by the General Office of the State Council of China issued in March 2022.1°

They laid a theoretical foundation for ethical governance on MAI development and application,

while focusing on MAI in pediatric, there were also some suggestions on the aspects of core values

in pediatric medicine such as privacy, safety, fairness, and accountability. In addition, the real risk

of future ethical issues is not only from AI system design, but also its deployment.?® Ethical

considerations for Al system often work on the hypothetical situations where the system will be

built. Once Al system comes into use in the real world, the actual ethics issues may deviate from

the original design control. Above and beyond building Al algorithms in medicine, deploying them

for clinical use is incredibly complex. This process requires the availability of a massive amount of

data, integration into complex existing clinical workflows, compliance with clinical norms,

guarantee of patient safety, concerns about the financial aspect, as well as keeping healthcare

workers’ dominance in aspects of diagnosis, treatment, and nursing care.?! Ethical questions

regarding Al systems in medicine pertain to all stages of Al system life cycle. For most of the

pediatric clinical healthcare workers, their roles as MAI actors are end-users, not researchers,
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programmers, engineers, or data scientists. It is an important role in the whole life cycle of MAI

system in pediatrics. The crucial step toward ethical management in MAI is to learn the awareness

and views of these participants about it.

The survey of ethical management toward MAI application in pediatric healthcare workers

with end-users’ role would help clarify the dilemmas of it, draw on countermeasures, and avoid risk

in the future application of MAI application in pediatrics.

METHODS

Study Design and setting

This cross-sectional study was carried out following the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement in July 2022 at Children’s Hospital

of Fudan University (a national children’s medical center in Shanghai, China). Data were collected

through the Questionnaire Star application (a professional questionnaire survey application in

China). QR code generated by the application was provided to the director of medical service

department, nursing department and medical information center of the hospital, who were

responsible for informing all eligible healthcare workers (including postgraduate medical students)

to fill out the questionnaire on cellphone by scanning the code. All the questions were set as

compulsory questions and the questionnaire could only be submitted once by a participant.

The study was approved by the Research Ethics Board of Children’s Hospital of Fudan

University (N0.2022-52). Informed consent was obtained from all participants involved in the study.

Patient and public involvement

No patient involved.

Participants and sampling
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We used convenience sampling to select participants. Both inclusion criteria should be met: (i)

working as a pediatrician (including graduate students in pediatrics), nurse, and health information

technician in the hospital, (ii) with experience in using pediatric MAI system at work. Participants

were excluded if their answering time was less than 150 seconds which was based on a pilot survey,

or their answers were illogical (such as same answers to all items, unreasonable answers to birthday,

etc)

We estimated the sample size using the adjusted Yamane’s formula,?? setting the alpha level

at 0.05, population size at 1580, margin of error at 0.05, and p at 4, and a sample size of 222

individuals was required. Assuming a 20% attrition rate, 23 265 participants were finally recruited

for this study.

Measures

The basic information data collected included gender, age, educational level (Bachelor’s

degree, Master’s degree, Doctor’s degree, Others), occupation (pediatrician, nurse, or health

information technician), and professional titles (ungraded, junior, intermediate, and senior).

In order to understand the healthcare workers’ knowledge and attitude level toward ethical

management of MAI application in pediatrics, 21-item Likert scale questionnaire was used.

Regarding the knowledge on ethical management of MAI application, it was asked by 10 questions,

data were collected from the answers ranging from ‘not at all familiar’ to ‘extremely familiar’.

Regarding the attitude of ethical management of MAI application, it was asked by 11 questions,

data were collected from the answers ranging from ‘strongly disagree’ to ‘strongly agree’. Prior the

the study, we performed factor analysis for construct validity, calculated the interrater agreement

(IRR), item-level content validity index(I-CVI), scale-level CVI (S-CVI) for content validity, and
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Cronbach alpha coefficient for internal consistency. The factor analysis showed good construct

validity of the two components of knowledge and attitudes. The inter-rater agreement, I-CVI, and

S-CVI were excellent. The Cronbach’s alpha of knowledge and attitude was 0.964 and 0.933

respectively which showed good reliability. The questionnaire was pre-tested in a convenience

sample of 6 healthcare workers. Based on their feedback, minor changes were made to enhance

clarity and appropriateness of the questions.

Statistical analysis

Microsoft Office Excel 365 for Windows (Microsoft Corp, Redmond, USA) was used to

establish a database. Data were analyzed using SPSS V.25.0 for Windows (IBM, Armonk, New

York, USA). The response rate was calculated by the number of final participants divided by

recruited participants to the survey. The basic characteristics and responses were described as n (%),

and Chi-square test was used to test differences of proportions among pediatricians, nurses, and

health information technicians. No plan for missing data was required, as participants finished the

questionnaire completely.

RESULTS

Participants

Of'the 411 healthcare workers who were recruited to participate, 359 completed questionnaires

were retuned, with a response rate of 87.3%. 27 questionnaires were excluded (5 with illogical

birthday answers, 13 with short answering time, and 9 with the same answers to all the items).

Finally, 332 questionaries were included in the analysis. The age of the final participants ranged

from 19 to 56 years old (Mean=32.39 , SD=7.232). As shown in Table 1, 176 (53.0%) were female,

116 (34.9%) were pediatricians, 21(6.3%) graduate students, 135(40.7%) nurses, and 60 (18.1%)
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health information technicians. Among the participants, 35.5% of them held a master’s degree or

above and senior professional accounted for 46.1%.

Table 1 Basic information of participants

Characteristic Participants [n (%)]
Gender

Male 156 (47.0)

Female 176 (53.0)
Occupation

Pediatrician 116 (34.9)

Nurse 135 (40.7)

Graduate student 21 (6.3)

Health information technician 60 (18.1)

Education level

Other lower 48 (14.5)
Bachelor’s degree 166 (50.0)
Master’s degree 103 (31.0)
Doctor’s degree 15 (4.5

Professional titles

Ungraded 58 (17.5)
Junior 153 (46.1)
Intermediate 81 (24.2)
Senior 40 (12.00

Knowledge and attitude level toward ethical management of MAI application in pediatrics

In the knowledge dimension, nearly none of the participants have achieved ‘extremely familiar’

at all questions of the relevant knowledge of ethical management of MAI application in pediatrics.

Marking all the questions in this dimension with K1 to K10, and K1 was the top question which the

participants chose ‘moderately familiar’ most, but that only accounted for 9.6%. K5 was the bottom

question with ‘moderately familiar’ to all the participants, that accounts for 3.9%. Most of the
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participants chose ‘not at all familiar’,

dimension, among which "rarely familiar" answers were most common (Table 2).
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rarely familiar" or "uncertain" to questions in the knowledge

Marking all the questions in the attitude dimension with A1 to A11, most of the participants

agreed with the statement in A1-A3, AS, A6, A8 and A9. In A4, 41.9% of the participants held

neutral attitude, while the rest of the participants have great disputes on the statement, which the

same situation in A7, A10 and A11(Table 3).

Table 2 Participants’ knowledge to ethical management of MAI application in pediatrics ( N=322 )

Not at all Rarely Uncertain Moderately Extremely
Knowledge familiar familiar familiar familiar
n (%) n (%) n (%) n (%) n (%)
K1 Understanding of pediatric MAI system 12(3.6) 123(37.0) 165(49.7) 32(9.6) 0(0.0)
K2 Common ethical issues of pediatric MAI system 43(13) 165(49.7) 102(30.7) 22(6.6) 0(0.0)
K3 Causes of K2 58(17.5) 154(46.4) 102(30.7) 18(5.4) 0(0.0)
K4 Coping strategies to K2 66(19.9) 179(23.8) 79(23.8) 8(2.4) 0(0.0)
K5 Principles, norms and guidelines of ethical management in MAI 71(21.4) 175(52.7) 72(21.7) 13(3.9) 1(0.3)
K6 Policies or regulations of ethical management in MAI 85(25.6) 173(52.1) 66(19.9) 8(2.4) 0(0.0)
K7 Content of ethical review of pediatric MAI 91(27.4) 178(53.6) 55(16.6) 8(2.4) 0(0.0)
K8 Ethical supervision mechanism while using Pediatric MAI system 104(31.3) 170(51.5) 53(16.0) 10(3.0) 0(0.0)
K9 Ethical risk Management while using Pediatric MAI system 98(29.5) 171(5Rg 33(16.0) 10(3.0) 0(0.0)
K10 Consequences of ethical violations while using MAI system in 82(24.7) 163(49.1) 69(20.8) 18(5.4) 0(0.0)
pediatrics
Table 3 Participants’ attitude to ethical management of MAI application in pediatrics
(N=322)
Strongly disagree Disagree Neutral Agree Strongly agree
Attitude
n (%) n (%) n (%) n (%) n (%)
Al Al experts should be involved in research ethics committee 5(1.5) 13(3.9) 66(19.9) 182(54.8) 66(19.9)
while reviewing MAI application study.
A2 Principles, norms and guidelines of ethical management should 2(0.6) 3(0.9) 47(14.2) 179(53.9) 101(30.4)

be easy to understand and be transformed into workable process.
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A3 Ethical expert should be involved in pediatric MAI application 0(0.0) 4(1.2) 56(16.9) 169(50.9) 103(31.0)
project.
A4 An unified way of ethical review can be a barrier to the 10(3.0) 77(23.2) 139(41.9) 80(24.1) 26(7.8)
technical innovation of pediatric MAL
A5 The subject of ethical responsibility in pediatric MAI should be 1(0.3) 3(0.9) 59(17.8) 198(59.6) 71(21.4)
clarified.
A6 Participating in ethical education and training program focusing 0(0.0) 3(0.9) 46(13.9) 206(62.0) 77(23.2)
on MAI is helpful.
A7 It is necessary to take children’s and guardians’ opinions into 3(0.9) 59(17.8) 81(24.4) 132(39.8) 57(17.2)
account while providing direct care to children through AI
system. When children's opinions are contrary to the guardians’,
we should adopt the guardians’ ones.
A8 Establishing effective supervision mechanism is helpful. 1(0.3) 3(0.9) 42(12.7) 174(52.4) 112(33.7)
A9 Content of ethical supervision can be dynamically adjusted 2(0.6) 10(3.0) 63(19.0) 176(53.0) 81(24.4)
according to the clinical context.
A10 After totally understanding the ethical risk while using MAI 4(1.2) 69(20.8) 139(41.9) 102(30.7) 18(5.4)
system, the proportion of children or guardians who refuse to
use it will increase.
A11 Strict ethical risk management can hinder MAI system using in 7(2.1) 72(21.7) 139(41.9) 93(28.0) 21(6.3)
pediatrics.

Comparison of knowledge and attitude toward ethical management of MAI application in pediatrics

among different occupational groups

In order to describe the result more directly, in the knowledge dimension, ‘not at all familiar’

and ‘rarely familiar’ were merged together as ‘not familiar’, ‘moderately familiar’ and ‘extremely

familiar’ are merged together as ‘familiar’. Similarly, in the attitude dimension, ‘strongly disagree’

and ‘disagree’ were merged as ‘disagree’, ‘agree’ and ‘strongly agree’ were merged as ‘agree’.

Graduate students who had Practicing Physician Qualification Certificate belonged to pediatricians.

Then, we compared the answers to the questions in knowledge and attitude dimension among

different occupation groups.

It was found that pediatricians, nurses, and health information technicians showed significant

differences in the proportions to the answers at ‘unfamiliar’, ‘uncertain’ and ‘familiar’ in K1-K3

and K5, where health information technicians accounted for the highest proportion at ‘familiar’,
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followed by pediatricians then nurses (Table 4). In the attitude dimension, participants from

different occupation groups showed significant differences in the proportions to the answers at

‘disagree’, ‘neutral’ and ‘agree’ in A1-A3, AS, A6, A8 and A9, where pediatricians or nurses

accounted for the highest proportion at ‘agree’, followed by health information technicians.

However, in A4, A7, A10 and A1l, pediatricians, nurses and health information technicians held

relative balanced proportions at ‘disagree’, ‘neutral’ and ‘agree’, indicating that there were debates

in the views towards the statements of the four questions (7able 5).

Table 4 Comparison of knowledge toward ethical management of MAI application in pediatrics

among different occupational groups [N of pediatricians=137, N of nurses=135, N of health

information technicians (HIT)=60]

Pediatricians Nurses HIT Chi-Square, y? Sig, P
Knowledge n (%) n (%) n (%)
K1 Understanding of pediatrics MAI system
Unfamiliar  135(40.7) 54(39.4) 67(49.6) 14(23.3) 20.064 <<0.001
Uncertain ~ 165(49.7) 71(51.8) 61(45.2) 33(55.0)
Familiar 32(9.6) 12(8.8) 7(5.2) 13(21.7)
K2 Common ethical issues of pediatric MAI system
Unfamiliar  208(62.7) 83(60.6) 95(70.4) 30(50.0) 11.311 0.023
Uncertain ~ 102(30.7) 44(32.1) 36(26.7) 22(36.7)
Familiar 22(6.6) 10(7.3) 4(3) 8(13.3)
K3 Causes of K2
Unfamiliar 212(63.9) 81(59.1) 99(73.3) 32(53.3) 10.969 0.027
Uncertain ~ 102(30.7) 49(35.8) 31(23.0) 22(36.7)
Familiar 18(5.4) 7(5.1) 5(3.7) 6(10.0)
K4 Coping strategies to K2
Unfamiliar 45(73.8) 99(72.3) 106(78.5) 40(66.7) 7.753 0.101
Uncertain ~ 79(23.8) 36(26.3) 27(20.0) 16(26.7)
Familiar 8(2.4) 2(1.5) 2(1.5) 4(6.7)
K5 Principles, norms and guidelines of ethical
management in MAI 96(70.1) 110(81.5) 40(66.7) 16.128 0.003
Unfamiliar 246(74.1) 38(27.7) 21(15.6) 13(21.7)
Uncertain ~ 72(21.7) 3(2.2) 4(3.0) 7(11.7)
Familiar 14(4.2)
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K6 Policies or regulations of ethical management in MAI
Unfamiliar  258(77.7) 107(78.1) 108(80.0) 43(71.7) 3.045 0.550
Uncertain ~ 66(19.9) 27(19.7) 25(18.5) 14(23.3)
Familiar 8(2.4) 3(2.2) 2(1.5) 3(5)
K7 Content of ethical review of pediatric MAT
Unfamiliar 269(81.0) 111(81.0) 113(83.7) 45(75.0) 6.334 0.176
Uncertain ~ 55(16.6)) 24(17.5) 20(14.8) 11(18.3)
Familiar 8(2.4) 2(1.5) 2(1.5) 4(6.7)
K8 Ethical supervision mechanism while using Pediatric
MALI system 115(83.9) 112(83.0) 47(78.3) 2.495 0.646
Unfamiliar 274(82.5) 20(14.6) 20(14.8) 10(16.7)
Uncertain ~ 50(15.1) 2(1.5) 3(2.2) 3(5.0)
Familiar 8(2.4)
K9 Ethical risk Management while using Pediatric MAI
system 112(81.8) 111(82.2) 46(76.7) 4.120 0.390
Unfamiliar 269(81.0) 23(16.8) 20(14.8) 10(16.7)
Uncertain ~ 53(16.0) 2(1.5) 4(3.0) 4(7.7)
Familiar 10(3.0)
K10 Consequences of ethical violations while using MAI
system in pediatrics
Unfamiliar 245(73.8) 100(73.0) 105(77.8) 40(66.7) 9.260 0.055
Uncertain ~ 69(20.8) 28(20.4) 28(20.7) 13(21.7)
Familiar 18(5.4) 9(6.6) 2(1.5) 7(11.7)

Table 5 Comparison of attitude toward ethical management of MAI application in pediatrics among

different occupational groups [N of pediatricians=137, N of nurses=135, N of health information

technicians (HIT)=60]

Attitude Pediatricians Nurses HIT Chi-Square, Sig, P
n (%) n (%) n (%) v
Al Al experts should be involved in research ethics
committee while reviewing MAI application study.
Disagree 18(5.4) 8(5.8) 5(3.7) 5(8.3) 16.315 0.003
Neutral ~ 66(19.9) 14(10.2) 34(25.2) 18(30.0)
Agree 248(74.7) 115(83.9) 96(71.1) 37(61.7)
A2 Principles, norms and guidelines of ethical
management should be easy to understand and be
transformed into workable process. 3(2.2) 1(0.7) 1(1.7) 10.320 0.035
Disagree 5(1.5) 10(7.3) 24(17.8) 13(21.7)
Neutral ~ 47(14.2) 124(90.5) 110(81.5) 46(76.7)
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1

2

i Agree 280(84.3)

5 A3 Ethical expert should be involved in pediatric MAI

s application project. 1(0.7) 1(0.7) 2(3.3) 17.971 0.001
8 Disagree 4(1.2) 11(8.0) 28(20.7) 17(28.3)

9 Neutral ~ 56(16.9) 125(91.2) 106(78.5) 41(68.3)

:: ? Agree 272(81.9)

12 A4 An unified way of ethical review can be a barrier to

13 the technical innovation of pediatric MAI.

::g Disagree 87(26.2) 33(24.1) 33(24.4) 21(35.0) 3.442 0.487
16 Neutral 139(41.9) 60(43.8) 59(43.7) 20(33.3)

17 Agree  106(31.9) 44(32.1) 43(31.9) 19(31.7)

:: g A5 The subject of ethical responsibility in pediatric

20 MALI should be clarified. 0(0.0) 2(1.5) 2(3.3) 11.958 0.018
21 Disagree 4(1.2) 17(12.4) 25(18.5) 17(28.3)

22 Neutral ~ 59(17.8) 120(87.6) 108(80.0) 41(68.3)

;i Agree 269(81.0)

25 A6 Participating in ethical education and training

26 program focusing on MALI is helpful.

;; Disagree 3(0.9) 0(0.0) 2(1.5) 1(1.7) 10.858 0.028
29 Neutral ~ 46(13.9) 13(9.5) 18(13.3) 15(25.0)

30 Agree  283(85.2) 124(90.5) 115(85.2) 44(73.3)

g; A7 It is necessary to take children’s and guardians’

33 opinions into account while providing direct care to

34 children through Al system. When children's

35 opinions are contrary to the guardians’, we should 32(23.4) 20(14.8) 10(16.7) 3.667 0.453
g? adopt the guardians’. 30(21.9) 35(25.9) 16(26.7)

38 Disagree 62(18.7) 75(54.7) 80(59.3) 34(56.7)

39 Neutral  81(24.4)

2(1) Agree 189(56.9)

42 A8 Establishing effective supervision mechanism is

43 helpful. 0(0.0) 2(1.5) 2(3.3) 13.088 0.011
2; Disagree 4(1.2) 9(6.6) 21(15.6) 12(28.3)

46 Neutral ~ 42(12.7) 128(93.4) 112(83.0) 46(66.7)

47 Agree  286(86.1)

22 A9 Content of ethical supervision can be dynamically

50 adjusted according to the clinical context.

51 Disagree 12(3.6) 3(2.2) 6(4.4) 11(18.3) 9.893 0.042
52 Neutral ~ 63(19.0) 17(12.4) 29(43.0) 29(48.3)

gi Agree 257(77.4) 117(85.4) 100(35.6) 20(33.3)

55 A10 After totally understanding the ethical risk while

56 using MAI system, the proportion of children or

g; guardians who refuse to use it will increase. 33(24.1) 29(21.5) 40(66.7) 2.062 0.724
59 Disagree  73(22.0) 52(38.0) 58(20.7) 13(21.7)

60
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Neutral ~ 139(41.9) 52(38.0) 48(1.5) 7(11.7)
Agree 120(36.1)
A1l Strict ethical risk management can hinder MAT

system using in pediatrics. 36(26.3) 29(21.5) 14(23.3) 1.223 0.874
Disagree 79(23.8 54(39.4) 58(43.0) 27(45.0)

Neutral ~ 139(41.9) 47(34.4) 48(35.6) 19(31.7)

Agree 114(34.3)

DISCUSSION

The applications for Al systems in health care provided expected results including

identification of individuals at high risk for a disease, improving diagnosis, matching effective

personalized treatment, and optimizing cost-effectiveness.!® 2 In pediatrics, projected benefits

associated with MAI are reflected in using decision support system to make accurate and

personalized diagnosis and nursing intervention, big date sources (including patient electronic

medical records, exam and laboratory information, dynamic video images of patients) to help

identify risks and prognosis of some diseases, or robots to better allocate pediatric nurses' time and

efforts so that they could pay more attention to direct patients’ care.?>-3° However, MAI system also

has the potential to threaten values of autonomous decision-making of doctors or nurses, privacy,

and safety of pediatric patients or their caregivers, which were core values in medicine.3!> 32

Previous studies on ethical management in Al paid more attention to regulating researchers,

programmers, engineers, data scientists in the stages of research, design, and development, but

failed to notice that ethical questions regarding Al pertain to all stages of its life cycle, and those at

the end-of-use stage is equally important. Therefore, in order for the MAI system to promote quality

of care and minimize potentially disruptive effects, its deployment and use must take ethics into

account. 33 Obtaining the information about the end-users’ awareness and views toward ethical

management while using pediatric MAI system may help policymakers make more meaningful and

implementable ethical norms or policies, which are the premises to promote the implementation of
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MAL ethical governance.

In the survey, we investigated pediatricians, nurses and health information technicians who

never participated in the research of development or application of MAI systems but were in the use

of or used to use pediatric MAI system at work. The proportion of pediatricians was roughly equal

to that of nurses, the proportion of health information technicians was relatively small here. In the

knowledge dimension, 3.6%-29.5% of the participants chose ‘not at all familiar’ to the questions,

37.0%-53.6% chose ‘rarely familiar’, 2.4%-9.2% chose ‘moderately familiar’, only one respondent

chose ‘extremely familiar’ to K5. It showed that the overall knowledge -level of all participants was

low, which was consistent with the results of Zheng. 3* While analyzing the answers to each question,

we found that when the question referring to the detailed approaches of ethical management, the

level of awareness was extremely low, such as ethical principles, guidelines, or norms (2.4% of the

participants chose ‘moderately familiar’), coping strategies to ethics issues (2.4% of the participants

chose ‘moderately familiar’), supervision mechanism and risk management (3% of the participants

chose ‘moderately familiar’). Comparison of knowledge among different occupational groups, it

could be seen that health information technicians accounted for the highest proportion at ‘familiar’,

followed by pediatricians then nurses, which suggested that it is necessary for the hospital

administrators to provide a training program for pediatricians and nurses at ethical management in

the use stage of MAI system life cycle.

Concerning the attitudes of healthcare workers towards ethical management in the use of

pediatric MAI system, we found that their views on the statement of A1-A3, AS, A6, A8 and A9

were mostly positive, especially pediatricians and nurses have more proportions of positive attitudes,

and we could deduce that they had the motivation to implement ethics in the use of MAI system and
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were willing to promote it, where the premise is that they could get the appropriate knowledge. We

also found that there were debates among pedestrians, nurses and health information technicians at

the statement of A4, A7, A10 and A11. Among them, the debates about A4, A10 and A1l have

verified some research results, such as when we emphasized on the threatening aspects from Al,

ethical regulation in MAI was the only solution to ensure safety, autonomy, and privacy, however

when we commenced to practice regulation, the embarrassing was that supervision always lagged

the development of artificial intelligence technology.3> 3¢ On the other hand, the technology based

on artificial intelligence is widely dependent on big data, which is easily influenced by misjudgment

and prejudice, and these could result in inequality in healthcare.!®37 The debate at A4 originated

from the different cultural backgrounds of the east and the west. In ancient Chinese culture, the

under-age needs to absolutely follow their parents’ instructions, while in western culture, the wishes

of children of school age and above who have cognitive ability should be respected. How to balance

the children’s willing and their parents’ decision against Chinese cultural background is still a

challenge deserving further consideration and discussion.

Strengths and limitations of this study

This study presented convenience samples from only one children’s hospital in Shanghai,

although it is a national medical center in China, which still potentially limited the possibility of

generalizing the results. Selection bias related to narrow inclusion and exclusion criteria may also

have occurred. Thus, new studies in different and larger populations can help to validate our findings.

CONCLUSION

The survey results revealed that pediatric healthcare workers had low-level knowledge, and

high-level awareness. It is important to popularize the necessary knowledge of ethical management
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of MAI among them, and it is necessary to conduct further research to verify approaches for ethical

management in MAL
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ABSTRACT

Objectives Implementing ethics is crucial to prevent harm and promote widespread benefits in

social experiments based on medical artificial intelligence (MAI). However, insufficient

information is available concerning this within the pediatric healthcare sector. We aimed to conduct

a comparative survey among pediatricians, nurses, and health information technicians regarding

ethics implementation knowledge and attitude of MAI social experiments at children's hospitals in

Shanghai.

Design and setting A cross-sectional electronic questionnaire was administered from July 1, 2022,

to July 31, 2022, at tertiary children's hospitals in Shanghai.

Participants All the eligible individuals were recruited. The inclusion criteria were: (i) being a

pediatrician, nurse, and health information technician at the hospital, (ii) having been engaged in or

currently participating in social experiments based on MAI, and (iii) being voluntary participation

in the survey.

Primary outcome Ethics implementation knowledge and attitude of MAI social experiments

among pediatricians, nurses, and health information technicians.

Results There were 137 pediatricians, 135 nurses, and 60 health information technicians who

responded to the questionnaire at tertiary children's hospitals. 2.4%-9.6% of participants were

familiar with ethics implementation knowledge of MAI social experiments. 34.3%-86.1% of

participants held an 'agree' ethics implementation attitude. Health information technicians accounted

for the highest proportion of the participants who were familiar with the knowledge of implementing

ethics, and pediatricians accounted for the highest proportion among those who held 'agree' attitudes.

Conclusions There is a significant knowledge gap and variations in attitudes among pediatricians,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 34

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


http://bmjopen.bmj.com/

Page 5 of 34

oNOYTULT D WN =

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

BMJ Open

nurses, and health information technicians, which underscore the urgent need for individualized

education and training programs to enhance MAI ethics implementation in pediatric healthcare.

Strengths and limitations of this study

= In this cross-sectional study, less than one-tenth of participants were familiar with ethics

implementation knowledge of MAI social experiments. More than three-fourths of participants

held an 'agree' ethics implementation attitude.

=  Health information technicians accounted for the highest proportion of familiar those with the

knowledge of implementing ethics, and pediatricians accounted for the highest proportion

among those holding 'agree' attitudes.

= The findings indicated a significant knowledge gap and variations in attitudes among

pediatricians, nurses, and health information technicians, which underscore the urgent need for

individualized education and training programs on MAI ethics implementation within different

occupations.

=  The limitations included specific conducted context, online surveys, and self-reporting, self-

designed questionnaires.
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INTRODUCTION

Medical artificial intelligence (MAI) is rapidly advancing and has the potential to revolutionize

healthcare. China has a large population base, and there is an insufficient distribution of medical

resources, particularly in the field of pediatrics. According to the 2021 China Health Statistics

Yearbook, the total number of pediatricians in China was reported to be 168,000. This data

corresponds to a ratio of approximately 0.66 pediatricians per 1,000 children aged 0-14 years old,

as of the year 2020." The utilization of algorithms can facilitate the emergence of various Al-driven

systems for pediatric clinical practices, including the analysis of radiology imaging in children, 23

enable accurate diagnoses for children with common or rare diseases based on electronic medical

records or multimodal clinical data, 47 identify the risk of early deterioration in critically ill children

by leveraging medical record data and video materials. 37 Robots can also be employed for pre-

consultation, triage, and referral services for children, further expanding the scope of Al

implementation in pediatric healthcare.!'® Therefore, implementing artificial intelligence in pediatric

healthcare in China is indeed a pressing need.

An MALI social experiment refers to a research study or intervention that utilizes artificial

intelligence (Al) technology in the context of social interactions and healthcare. Conducting MAI

social experiment is crucial for exploring the application of MAI and analyzing its potential impacts,

which helps properly handle the relationship between medical artificial intelligence, humans, and

society. 13 Due to the high level of uncertainty and significant ethical risks associated with medical

artificial intelligence, implementing ethics in these social experiments is of utmost importance.!'*!3

Research institutions in China and other countries have made significant efforts to establish

principles, guidelines, and norms for the ethical governance of MAI. Prominent examples include
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the WHO Guidance of  Ethics and Governance of Artificial Intelligence for Health, the UNESCO

recommendation on the ethics of artificial intelligence issued in June and November 2021

respectively,'>® Health Insurance Portability and Accountability Act (HIPAA)the New Generation

of Ethical Norms of Artificial Intelligence by the Ministry of Science and Technology of China

published in September 2021,'7 and the Guidelines of Strengthening Governance over Ethics in

Science, Technology by the General Office of the State Council of China issued in March 2022.18

There are also helpful regulatory frameworks. In the United States, MAI must be approved by the

Food and Drug Administration (FDA, that classifies them as "software as a medical device"), while

the collection, storage, and disclosure of personal health information is regulated mainly by the 1996

Health Insurance Portability and Accountability Act (HIPAA). In the European Union, privacy

protection is guaranteed by the General Data Protection Regulation (GDPR), which applies when a

processor or controller processes personal data in the context of the activities of its establishment.!®

Their contributions have laid a theoretical foundation for ethical governance in MAI social

experiments. While their focus was on pediatric patients, they also provided valuable suggestions,

including privacy, safety, fairness, and accountability.

Pediatricians, nurses, and health information technicians have more opportunities to be potential

researchers in MAI social experiments. Their ethics implementation knowledge and attitudes are

vital in mitigating ethical risks and then may influence decision-making processes and pediatric

patient care. However, studies explicitly focusing on pediatricians, nurses, and health information

technicians, investigating their ethics implementation knowledge and attitude of MAI social

experiments, are limited.

This cross-sectional study aims to fill this research gap by investigating and then comparing
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ethics implementation knowledge and attitude of MAI social experiments among pediatricians,

nurses, and health information technicians. This study will provide valuable insights into ethics

implementation in MAI social experiments in pediatrics. The findings will contribute to developing

tailored education and training programs and inform the formulation of guidelines and policies that

promote Al's responsible and ethical use in children's hospitals.

METHODS

Study Design and setting

This cross-sectional study was conducted at two tertiary children's hospitals in Shanghai from

July 1, 2022, to July 31, 2022, following the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) statement. The study was approved by the Research Ethics Board of

the Children's Hospital of Fudan University (N0.2022-52). Informed consent was obtained from all

participants involved in the study.

Patient and public involvement

No patient was involved in this study.

Participants and sampling

Participants in the study were voluntary, and the information collected was anonymous. All

the eligible individuals were recruited. The inclusion criteria were: (1) being a pediatrician, nurse,

or health information technician at the two hospitals, (2) having been engaged in or currently

participating in social experiments based on medical Al, and (3) being voluntary participation in the

survey. According to the pilot test results, data from the participants were excluded from the final

analysis if the recorded answering time for the entire questionaries was less than 150 seconds.

Additionally, participants who submitted the same response to all items were also excluded from
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the analysis.

The sample size was estimated using the adjusted Yamane's formula,?° setting the population

size at 1580 based on information obtained from the hospital's human resources department, alpha

level at 0.05, margin of error at 0.05, p at 4. Assuming a 20% attrition rate, 2! 266 participants were

finally recruited for this study.

Measures

A web-based survey was conducted to gather information and collect data through wenjuanxing

(https://www.wjx.cn), a professional and widely used website for conducting surveys in China. The

content of the survey could be categorized as follows: (1) basic sociodemographic information,

including gender, age, educational level (Bachelor's degree, Master's degree, Doctor's degree,

Others), types of occupation (pediatrician, nurse, or health information technician), levels of

professional titles (ungraded, junior, intermediate, and senior), (2) 21-item questionnaire. The

questionnaire was written in Chinese, and the knowledge-Attitude-Practice model was used as the

conceptual framework to define its construct.!%?° The questionnaire was pilot tested on 52

individuals for face validity and reliability. The items were found to be reliable, with a Cronbach's

alpha coefficient of 0.727, which is considered acceptable.?? Item-content validity index(I-CVI) and

scale-content validity index(S-CVI) were 0.791 and 0.877, respectively.?3 Detailed information on

the questionnaire development and content can be found in Supplementary Material.

Participants could scan the QR code using their cellphones or login in on their computers to

access and complete the questionnaire. The purpose of the survey and answering instructions were

described on the first page of the online questionnaire. The participants were suggested to complete

the questionnaire within 5 to 10 minutes. There is a limit on participants' IP addresses to avoid
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multiple enrolments. A reminder for checking blank answers was set to block the submission of

unfinished questionnaires. The QR code and website address of the questionnaire was provided to

the two hospitals' medical service department, nursing department, and medical information center.

The directors of the three departments took responsibility for recruiting all eligible healthcare

workers, including eligible medical students, to participate in the study.

Statistical analysis

Microsoft Office Excel 365 for Windows (Microsoft Corp, Redmond, USA) was used to

establish a database. Data were analyzed using SPSS V.25.0 for Windows (IBM, Armonk, New

York, USA). The response rate was calculated by the number of final participants divided by

recruited participants to the survey. The basic characteristics and responses were described as n (%),

and Chi-square test was used to test differences of proportions among pediatricians, nurses, and

health information technicians. No plan for missing data was required since participants could not

submit the questionnaire unless they completed it.

RESULTS

Participants characteristics

Of the 411 individuals recruited to participate, 359 completed questionnaires were returned,

with a response rate of 87.3%. 27 questionnaires were excluded (5 with unclear demographic

information, 13 with short answering time, and 9 with the same answers to all the items). Finally,

332 questionnaires were included in the analysis. The age of the final participants ranged from 19

to 56 years old (Mean=32.4, SD=7.2). As shown in Table 1, 176 (53.0%) were female, 137

(41.2%) were pediatricians, 135(40.7%) were nurses, and 60 (18.1%) were health information

technicians. Among the participants, 35.5% held a master's degree or above; senior-level
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professional titles accounted for 46.1%.
Table 1 Basic information of participants
Characteristic Participants [n (%)]
Gender
Male 156 (47.0)
Female 176 (53.00
Type of occupation
Pediatrician 137 (41.2)
Nurse 135 (40.7)
Health information technician 60 (18.1)
Education level
Other lower 48 (14.5)
Bachelor's degree 166 (50.0)
Master's degree 103 (31.00
Doctor's degree 15 (4.5
Level of professional titles*
Ungraded level 58 (17.5)
Junior level 153 (46.1)
Intermediate level 81 (24.4)
Senior level 40 (12.00

* Professional titles symbolize the professionalism of healthcare workers. The evaluation process for these titles is guided by the
National Health Commission of the People's Republic of China. Typically, there are four levels that represent the proficiency
levels of knowledge and skills within a specific area of specialization, and individuals holding these titles are often entrusted with

leadership responsibilities.,

Ethics implementation knowledge and attitude of MAI social experiment among physicians,

nurses, and health information technicians in pediatrics

The items within the knowledge dimension were marked as K1 to K10. K1 referred to the present

status of conducting social experiments based on MAI, K2 to K4 pertained to ethical issues

associated with conducting such experiments, and K5 to K10 addressed the requirements for ethics

governance in MAI social experiments according to norms and principles. There were critical
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knowledge gaps. K1 received the highest rate of participants selecting 'familiar', but this only
accounted for 9.6% of the participants. K4, K6-K8 received the lowest rate of participants selecting
'familiar', accounting for 2.4% of the participants. The rate range of participants selecting 'familiar'
was from  2.4% to 5.4%. K5-K10 received the lowest rate range of participants selecting 'familiar’,
with 2.4% to 5.4% of participants choosing this option. Most participants responded with
'unfamiliar' and 'uncertain’ to the items in the knowledge dimension (Table 2).

The items within the attitude dimension were marked as A1 to A11. They were all for behaviors
towards ensuring ethics implementation in MAI. Al to A3, AS, A6, A8, and A9 received 74.4% to
86.1% of participants selecting 'agree'. For A4, A10, and Al1, 41.9% of the participants held a
neutral attitude (Table 3).

Table 2  Overall ethics implementation knowledge of MAI social experiment among physicians,

nurses, and health information technicians in pediatrics (N=322)

Unfamiliar Uncertain Familiar
Knowledge
n (%) n (%) n (%)
K1 The present status of conducting MAI social experiments in pediatrics 135(40.7) 165(49.7) 32(9.6)
K2 Common ethical issues in MAI social experiments in pediatrics 208(62.7) 102(30.7) 22(6.6)
K3 Reasons for ethical issues in MALI social experiments in pediatrics 212(63.9) 102(30.7) 18(5.4)
K4 Coping strategies for ethical issues in MAI social experiments in 245(73.8) 79(23.8) 8(2.4)
pediatrics
K5 Principles, norms and guidelines for implementing ethics in MAI social 246(74.1) 72(21.7) 14(4.2)
experiments in pediatrics
K6 Policies or regulations for implementing ethics MAI social experiments 258(77.7) 66(19.9) 8(2.4)
in pediatrics
K7 Ethical review for MAI social experiments in pediatrics 269(81.0) 55(16.6) 8(2.4)
K8 Ethical supervision mechanism while conducting MAI social 274(82.5) 50(15.1) 8(2.4)
experiments in pediatrics
KO Ethical risk management approaches while while conducting MAI 269(81.0) 33(16.0) 103.0)
social experiments in pediatrics
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K10 Consequences of ethical violations while conducting MAI social 245(73.8) 69(20.8) 18(5.4)

experiments in pediatrics

Table 3  Overall ethics implementation attitude of MAI social experiment among physicians,

nurses, and health information technicians in pediatrics (N=322)

Disagree Neutral Agree
Attitude n (%) n (%) n (%)
Al Al experts should be involved in the research ethics committee 18(5.4) 66(19.9) 248(74.7)
while reviewing MAI social experiments.
A2 Principles, norms, and guidelines for implementing ethics should 5(1.5) 47(14.2) 280(84.3)
be easy to understand and be transformed into a workable
process.
A3 Ethical researchers should be involved in MAI social 4(1.2) 56(16.9) 272(81.9)
experiments in pediatrics.
A4 An unified way of ethical review can be a barrier to conducting 87(26.2) 139(41.9) 106(31.9)
MALI social experiments in pediatrics.
A5 The subjects of ethical responsibility in pediatric MAI social 4(1.2) 59(17.8) 269(81.0)
experiments should be clarified.
A6 Participating in ethical education and training programs focusing 3(0.9) 46(13.9) 283(85.2)
on MAI social experiments is helpful.
A7 It is necessary to take children's and guardians' opinions into 62(18.7) 81(24.4) 189(56.9)
account while conducting MAI social experiments in pediatrics.
When children's views are contrary to the guardians', we should
adopt the guardians' ones.
A8 Establishing an effective supervision mechanism is helpful. 4(1.2) 42(12.7) 286(86.1)
A9 Content of ethical supervision can be dynamically adjusted 12(3.6) 63(19.0) 257(77.4)
according to the clinical context.
A10 After totally understanding the ethical risk while conducting 73(22.0) 139(41.9) 120(36.1)
MALI social experiments in pediatrics, the proportion of children
or guardians who refuse to use it will increase.
Al1 Strict ethical risk management can hinder conducting MAI 79(23.8) 139(41.9) 114(34.3)
social experiments in pediatrics.

Comparison among physicians, nurses, and health information technicians in ethics

implementation knowledge and attitude of MAI social experiment in pediatrics

Table 4 and 5 illustrate the comparison among physicians, nurses, and health information

technicians in ethics implementation knowledge and attitude of MAI social experiment in pediatrics.
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208 It was found that pediatricians, nurses, and health information technicians showed significant
209  differences in the proportions to choose the option of 'unfamiliar', 'uncertain', and 'familiar' in K1-
210 K3 and K5, where health information technicians accounted for the highest proportion at 'familiar’,
211 followed by pediatricians then nurses (7able 4). Also, significant differences were observed in the
212 proportions of respondents choosing the 'agree', 'neutral’, and 'disagree' options in A1-A3, AS, A6,
213 A8, and A9. Among these, pediatricians or nurses accounted for the highest proportion at 'agree’,
214 followed by health information technicians. However, in A4, A7, A10, and Al1, pediatricians,
215  nurses, and health information technicians held relatively balanced proportions at 'disagree', neutral'
216  and 'agree', indicating that there were debates in the views towards the statements of the four items
217  (Table 5).
218  Table 4 Comparing the knowledge of implementing ethics in social experiments based on MAI
219  among healthcare workers at children's hospitals [N of pediatricians=137, N of nurses=135, N of
220  health information technicians (HIT)=60]
Pediatricians Nurses HIT Chi-Square, X Sig, P
Knowledge n (%) n (%) n (%) 2
Kl
Unfamiliar 135(40.7) 54(39.4) 67(49.6) 14(23.3) 20.064 <0.001
Uncertain ~ 165(49.7) 71(51.8) 61(45.2) 33(55.0)
Familiar  32(9.6) 12(8.8) 7(5.2) 1321.7)
K2
Unfamiliar 208(62.7) 83(60.6) 95(70.4) 30(50.0) 11.311 0.023
Uncertain ~ 102(30.7) 44(32.1) 36(26.7) 22(36.7)
Familiar ~ 22(6.6) 10(7.3) 403) 8(13.3)
K3
Unfamiliar  212(63.9) 81(59.1) 99(73.3) 32(53.3) 10.969 0.027
Uncertain ~ 102(30.7) 49(35.8) 31(23.0) 22(36.7)
Familiar ~ 18(5.4) 7(5.1) 53.7) 6(10.0)
K4
Unfamiliar 245(73.8) 99(72.3) 106(78.5) 40(66.7) 7.753 0.101
Uncertain ~ 79(23.8) 36(26.3) 27(20.0) 16(26.7)
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Familiar ~ 8(2.4) 2(1.5) 2(1.5) 4(6.7)
K5
Unfamiliar 246(74.1) 96(70.1) 110(81.5) 40(66.7) 16.128 0.003
Uncertain ~ 72(21.7) 38(27.7) 21(15.6) 1321.7)
Familiar  14(4.2) 32.2) 4(3.0) 7(11.7)
K6
Unfamiliar 258(77.7) 107(78.1) 108(80.0) 43(71.7) 3.045 0.550
Uncertain ~ 66(19.9) 27(19.7) 25(18.5) 14(23.3)
Familiar ~ 8(2.4) 32.2) 2(1.5) 3(5)
K7
Unfamiliar 269(81.0) 111(81.0) 113(83.7) 45(75.0) 6.334 0.176
Uncertain ~ 55(16.6)) 24(17.5) 20(14.8) 11(18.3)
Familiar ~ 8(2.4) 2(1.5) 2(1.5) 4(6.7)
K8
Unfamiliar  274(82.5) 115(83.9) 112(83.0) 47(78.3) 2.495 0.646
Uncertain ~ 50(15.1) 20(14.6) 20(14.8) 10(16.7)
Familiar ~ 8(2.4) 2(1.5) 322) 3(5.0)
K9
Unfamiliar  269(81.0) 112(81.8) 111(82.2) 46(76.7) 4.120 0390
Uncertain ~ 53(16.0) 23(16.8) 20(14.8) 10(16.7)
Familiar  10(3.0) 2(1.5) 4(3.0) 4(1.7)
K10
Unfamiliar 245(73.8)
Uncertain ~ 69(20.8) 100(73.0) 105(77.8) 40(66.7) 9.260 0.055
Familiar ~ 18(5.4) 28(20.4) 28(20.7) 13(21.7)
9(6.6) 2(1.5) 7(11.7)
221
222 Table 5 Comparing the attitude towards implementing ethics in social experiments based on MAI
223 among healthcare workers at children's hospitals [N of pediatricians=137, N of nurses=135, N of
224 health information technicians (HIT)=60]
Attitude Pediatricians Nurses HIT Chi-Square, Sig, P
n (%) n (%) n (%) X
Al
Disagree  18(5.4) 8(5.8) 53.7) 5(8.3) 16315 0.003
Neutral ~ 66(19.9) 14(10.2) 34(25.2) 18(30.0)
Agree  248(74.7) 115(83.9) 96(71.1) 37(61.7)
A2
Disagree  5(1.5) 3(2.2) 1(0.7) 1(1.7) 10320 0.035
Neutral ~ 47(14.2) 10(7.3) 24(17.8) 1321.7)
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Agree  280(84.3) 124(90.5) 110(81.5) 46(76.7)
A3
Disagree  4(1.2) 1(0.7) 1(0.7) 2(3.3) 17.971 0.001
Neutral ~ 56(16.9) 11(8.0) 28(20.7) 17(28.3)
Agree  272(81.9) 125(91.2) 106(78.5) 41(68.3)
A4
Disagree  87(26.2) 3324.1) 33(24.4) 21(35.0) 3.442 0.487
Neutral — 139(41.9) 60(43.8) 59(43.7) 20(33.3)
Agree  106(31.9) 4432.1) 43(31.9) 1931.7)
A5
Disagree  4(1.2) 0(0.0) 2(1.5) 2(3.3) 11.958 0.018
Neutral ~ 59(17.8) 17(12.4) 25(18.5) 17(28.3)
Agree  269(81.0) 120(87.6) 108(80.0) 41(68.3)
A6
Disagree  3(0.9) 0(0.0) 2(1.5) 1(1.7) 10.858 0.028
Neutral ~ 46(13.9) 13(9.5) 18(13.3) 15(25.0)
Agree  283(85.2) 124(90.5) 115(85.2) 44(73.3)
A7
Disagree  62(18.7) 32(23.4) 20(14.8) 10(16.7) 3.667 0.453
Neutral ~ 81(24.4) 30(21.9) 35(25.9) 16(26.7)
Agree  189(56.9) 75(54.7) 80(59.3) 34(56.7)
A8
Disagree  4(1.2) 0(0.0) 2(1.5) 2(3.3) 13.088 0.011
Neutral ~ 42(12.7) 9(6.6) 21(15.6) 12(28.3)
Agree  286(86.1) 128(93.4) 112(83.0) 46(66.7)
A9
Disagree  12(3.6) 322) 6(4.4) 11(18.3) 9.893 0.042
Neutral ~ 63(19.0) 17(12.4) 29(43.0) 29(48.3)
Agree  257(77.4) 117(85.4) 100(35.6) 20(33.3)
Al0
Disagree  73(22.0) 33(24.1) 29Q21.5) 40(66.7) 2.062 0.724
Neutral ~ 139(41.9) 52(38.0) 58(20.7) 13(21.7)
Agree  120(36.1) 52(38.0) 48(1.5) 7(11.7)
All
Disagree  79(23.8) 36(26.3) 2921.5) 14(23.3) 1223 0.874
Neutral ~ 139(41.9) 54(39.4) 58(43.0) 27(45.0)
Agree  114(34.3) 47(34.4) 48(35.6) 1931.7)
225  DISCUSSION
226 This study provided analysis of pediatricians, nurses, and health information technicians’
227  knowledge and attitude towards ethics implementation in MAI social experiments at children’s
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hospitals in Shanghai. Similar findings were reported regarding medical staff and other professional

technicians' familiarity with, attitudes toward, and concerns about Al in ophthalmology. 2* However,

medical staff encompasses a wide range of professionals within healthcare sectors, and pediatric

medical staff is more specific. The current findings devote little to enhance MAI ethics

implementation in pediatric healthcare. Our study focused on pediatricians, nurses, and health

information technicians working at children’s hospitals, and revealed that only 2.4% to 9.6% of

participants reported being familiar with ethics implementation knowledge of MAI social

experiments at children's hospitals. Regarding attitudes, the results demonstrated a relatively higher

percentage of participants who held 'agree' attitudes, ranging from 34.3% to 86.1%. The findings

indicated a significant gap in the understanding, and variations in attitudes of ethics implementation

among healthcare professionals in the context of MAI social experiments in pediatrics.

When comparing pediatricians, nurses, and health information technicians, it is noteworthy that

health information technicians accounted for the highest proportion of participants who reported

being familiar with implementing ethics, which suggested that individuals in this role may have

received specialized training or have greater exposure to the ethical considerations related to MAI

social experiments. On the other hand, pediatricians accounted for the highest proportion of those

with positive attitudes towards ethics implementation in MAI social experiments, which implied

that physicians might have a stronger sense of responsibility and awareness of the ethical

implications associated with MAI social experiments in the context of pediatric care. It could also

suggest that pediatricians, as primary decision-makers, have a more significant influence on

implementing ethics within the hospital setting than other medical staff.

In the field of pediatrics, the potential advantages of MAI social experiments are evident in
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various aspects. These include utilizing decision support systems for precise and personalized

diagnosis and nursing interventions, leveraging extensive data sources, such as electronic medical

records, examination and laboratory data, as well as dynamic video images of patients, to aid in the

identification of disease risks and prognosis. Furthermore, the implementation of robots can

optimize the allocation of pediatric nurses' time and efforts, resulting in improved efficiency and

patient care. 2530 Nevertheless, MAI also carries the potential to pose challenges to the core values

of medicine, including autonomous decision-making by doctors or nurses, and the safety and

privacy of pediatric patients and their caregivers.3!: 32 Previous studies on implementing ethics in

MALI social experiments paid more attention to regulating researchers, programmers, engineers, and

data scientists in the stages of research, design, and development, but failed to notice that ethical

issues in MAI social experiments are equally important.33- 3% Obtaining information about ethics

implementation knowledge and attitudes of MAI social experiments among potential researchers

may help policymakers make more meaningful decisions which are the premises to promote ethics

implementation in MAI experiments.

We particularly observed that 56.9% of the participants expressed 'agree' attitudes towards

considering both children's and guardians' opinions, and giving priority to guardians' opinions while

conducting MAI social experiments in pediatrics. Moreover, there were no significant differences

among pediatricians, nurses, and health information technicians on this topic. This indicated that

partial medical staff in China began to focus on the best interest of the minor when considering the

trade-off between the benefits of MAI in pediatric care and the associated risks. Ethical decision-

making in the context of MAI should prioritize the well-being and welfare of pediatric patients,

ensuring that their best interests are upheld throughout the implementation of MAI technologies.
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This includes carefully assessing the potential risks and harms that MAI products may pose to them,

such as data immortality, and developing appropriate safeguards to protect their privacy, autonomy,

and overall well-being .3’

Strengths and limitations of this study

The strengths of this study lie in its representative population, multidimensional assessment,

quantitative data collection, comparison across professions, focus on ethics implementation,

practical implications, and recommendations for further research. The limitations of the study were

as follows: firstly, the study was conducted in a specific context: tertiary children's hospitals in

Shanghai. Therefore, the findings may not directly apply to medical staff in other regions or different

types of healthcare facilities; secondly, the data collection relied on online surveys through self-

reporting, utilizing self-designed questionnaires, which introduces the potential for response bias.

Despite efforts to ensure anonymity and confidentiality, there is still a possibility of bias influencing

the responses; thirdly, the study utilized a cross-sectional design, and it did not capture changes or

developments in their knowledge and attitudes over time.

CONCLUSION

The study provides a detailed analysis of the ethics implementation knowledge and attitudes of

MAI social experiments among medical staff at children's hospitals in Shanghai. The findings reveal

a significant knowledge gap and variations in attitudes among pediatricians, nurses, and health

information technicians, which underscore the urgent need for individualized education and training

programs to enhance MAI ethics implementation in pediatric healthcare. Additionally,

interdisciplinary collaboration and dialogue are crucial for developing clear ethical frameworks that

guide responsible ethics implementation.
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Supplement

Questionnaire development

The questionnaire was written in Chinese. The Knowledge-Attitude-Practice model was used as
the conceptual framework to define its construct. Based on the model, knowledge is comprised of
scientific knowledge, local knowledge, tacit knowledge, and self-reflective knowledge.'® Attitude
refers to a positive or negative option of objective evaluation.?’ The initial step involved systematic
literature retrieval to gather guidelines, expert consensus, practice standards, and norms for
implementing ethics in Al research. A librarian working in the hospital library provided valuable
assistance during this process (see Appendix). Then, a focus group interview was administered,
consisting of 10 experts (two medical ethics professors, one sociology professor, three artificial
intelligence professors, and four medical professors proficient in medical Al implementation
research). They were encouraged to express their opinions on the following questions: (1) What is
your understanding of implementing ethics in medical Al research? (2) What knowledge should
medical Al researchers master to help implement ethics? (3) What are your attitudes regarding
implementing ethics in medical Al research? Eventually, relevant content from literature and
interviews was extracted and classified, and the item pool was generated. For consultation, the item
pool was sent to another ten experts, including medical ethics professors, sociology professors,
artificial intelligence professors, and medical professors. Item deletion and modification were
applied following the findings from three rounds of expert consultation. After that, the draft
questionnaire was developed. Eight individuals, including artificial intelligence researchers and
healthcare workers, were invited to complete the draft questionnaires and be interviewed with the

following questions: (1) Was each item clearly expressed without ambiguity? If not, please identify
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the unclear or ambiguous expressions; (2) Were any items challenging to understand? If yes, please
specify the difficulties and if not, please try to explain each item in your own words; (3) What were
your reasons for each of your answers? (4) What else is needed to be added? Language readability
modification of each item was done according to the comments. The final questionnaire consisted
of two dimensions, comprising 21 items. In terms of knowledge, respondents were asked to indicate
their familiarity with the progress of conducting social experiments based on MAI, ethical issues
related to conducting such experiments, and requirements for ethics governance in MAI social
experiments according to norms and principles. The response options ranged from 'familiar' to
'unfamiliar’. For attitude, respondents were asked to express their agreement with behavioral
statements concerning implementing ethics in MAI social experiments. The response options ranged
from 'disagree' to 'agree'. The questionnaire was pilot tested on 52 individuals for face validity and
reliability. The items were found to be reliable, with a Cronbach's alpha coefficient of 0.727,%2 which
is considered acceptable. Item-content validity index(I-CVI) and scale-content validity index(S-

CVI) were 0.791 and 0.877, respectively.?*
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1
2
3 . - .
4 Appendix: systematic literature retrieval
Z 1 Data Source
7 Databases: BYU Law, Westlaw, Web of Science, JSTOR, Springer
9 International Organization Website: UNESCO Library, OECD Library, EP Library,
10
1 et al.
12 national government departments and relevant committees :Using the United |
13 |
14 States as an example: THE WHITE HOUSE(http://www.whitehouse.gov), Science o |
=
12 technology council(https://www.nstc.org.zm), homeland security(http://www.dhs.gov), % |
17 Information Network Sector(http://www.nitrd.gov), department of Defense g
18 g -
19 (https://innovation.defense.gov/). E |
20 . z
51 2 Retrieval Strategy B
22 The title should contain: (artificial intelligence or Al or robot) and (ethic or moral -
23 > 1
24 or governance or risk or principle or guideline or consensus) % |
25 . 5
26 Time Range: January 1, 2016 to May 1, 2021 «3 |
27 3 Primary Reference Lists -
28 o5
29 NO.  Publishing Agency Document Title Year oe
30 o
31 1 European Parliament An EU framework for artificial intelligence 2020 = § :
Q- 1
;g 2 European Parliament Artificial intelligence: From ethics to policy 2020 § % |
ow
34 3 European Parliament European framework on ethical aspects of artificial 2020 z’%i
35 S =
36 intelligence, robotics and related technologies o2
Ty
2273 4 European Parliament EU guidelines on ethics in artificial intelligence: 2019 g 4
=.m
39 Context and implementation =2
40 @- -
41 5 European Parliament European Civil Law Rules in Robotics 2016 >
42 5
43 6 European Commission  Ethics Guidelines for Trustworthy Al 2018 %:
>
2‘5‘ 7 OECD OECD Principles on Al 2019 i
NN S
46 8 China NELZEIREXKRET - ALEREERERE 2021 o
47 - ®
48 DEECEEIN .
‘5‘3 9 China (F—RATHEAERN—ZERBAFENHA 2019 )
>
51 T458E) s
52 . . - 8
53 10 UNESCO Recommendation on the Ethics of Artificial 2021 o
>4 Intelligence |
55 |
56 11 UNESCO Preliminary study on the Ethics of Artificial 2019 L
57 |
58 Intelligence
Zg 12 UNESCO Ethical principles for the development of Artificial 2018 L
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Appendix: the content of the questionnaire
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K2 By AL EfefA/N AR,
ORT ##

O—f%

O7##

K3 BEfr A L& RERT A/ AR AR IR B @AY AL A .
ORT %

O—#%

07 &%

KA BE57 A T AT BERR /I P e B 5 B A R 5B
OFR7
O—#
O7#

K5 B=fr A& REMT A/ N AR EIRIRN/FSE.
ORT %

O—#%

07 &

K6 BT AT RER/NANRIEBR/ZEMN.
ORT %

O—#%

07 &%

K7 B Y ATER R/ NANREFRERNA.
ORT %

O—#&

Oy #&

K8 B=fr N L& REW A&/ IR S EHLH.

ORT %
O—#%

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyaal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoos Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

07 &%

K9 BE57 N TE e A/ AT NG EIE.
ORT %

O—#

07 &%

K10 By AT EeE A/ AT HIEIERESIRMNER,
ORT %

O—#%

07 &%

(Z) SEAE
T TEK B AERARNIARREER? HEl KRS A CRERBERNED:

ALRHRE (FE) ZREMAALEEBRMATRNERTINET AT EHEM

B £ EHITHENESE.,

mESTC

O—#%
D%

A2 BT AT BN RIBRN/IEFRFA S TIER. TRIENIIERES sEig i

mES

O—#%
D%

A3 BIERIEERSEEF ALEEMA/ BB TIENRIEEE.
OAR%E

O—#
D%

M Gi— BB B T AL RIS BT A T A2 SRR CIET.
BESC

O—#
D%

AS BB AT EREM R/ EANRERETAREETRETE.
OAR%E

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 34

‘salfojouyaal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoos Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

Page 33 of 34

oNOYTULT D WN =

BMJ Open

O—#%
D%

A6 BINETHETA TSR RS SRIIN BT B O RESEEH.
mESC

O—#&
D%

AT SERTATIESRMA/NASRILEN, FEXPWBULENER, HILEELS

BIFABHIMAE, WRXRMPEFATL,

mESC

O—#
D%

A8 BIYISTEMM S EISE BT Er A TR TR/ R AERERE,
OR%E

O—#&
D%

A9 BEST A T BT E/N AR B EE AR T N ARE.
OR%E

O—#
D%

A0 TREFATSEOBENKE, BESR L AIBLEROLHLEM.
BESC

O—#
D%

AL FEAE RTINS T2 TS R AT B A T BE RO/ .
BESC

O—#
D%

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyaal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoos Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 34 of 34

Continued on next page

For peer review only - http://bmjoper11.bmj.com/site/about/guidelines.xhtml

z g
BMJ Open s ®
o 3
a »
2 g
STROBE Statement—checklist of items that should be included in reports of observational studies 5 8
:
‘5"- S
Item @ [Rage/Line number of the manuscript
No. Recommendation =
N [@]
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract S me Pagel/Line 1-3
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Discussion
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ABSTRACT

Objectives Implementing ethics is crucial to prevent harm and promote widespread benefits in

social experiments based on medical artificial intelligence (MAI). However, insufficient

information is available concerning this within the pediatric healthcare sector. We aimed to conduct

a comparative survey among pediatricians, nurses, and health information technicians regarding

ethics implementation knowledge and attitude of MAI social experiments at children's hospitals in

Shanghai.

Design and setting A cross-sectional electronic questionnaire was administered from July 1, 2022,

to July 31, 2022, at tertiary children's hospitals in Shanghai.

Participants All the eligible individuals were recruited. The inclusion criteria were: (i) being a

pediatrician, nurse, and health information technician at the hospital, (ii) having been engaged in or

currently participating in social experiments based on MAI, and (iii) being voluntary participation

in the survey.

Primary outcome Ethics implementation knowledge and attitude of MAI social experiments

among pediatricians, nurses, and health information technicians.

Results There were 137 pediatricians, 135 nurses, and 60 health information technicians who

responded to the questionnaire at tertiary children's hospitals. 2.4%-9.6% of participants were

familiar with ethics implementation knowledge of MAI social experiments. 34.3%-86.1% of

participants held an 'agree' ethics implementation attitude. Health information technicians accounted

for the highest proportion of the participants who were familiar with the knowledge of implementing

ethics, and pediatricians accounted for the highest proportion among those who held 'agree' attitudes.

Conclusions There is a significant knowledge gap and variations in attitudes among pediatricians,
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nurses, and health information technicians, which underscore the urgent need for individualized

education and training programs to enhance MAI ethics implementation in pediatric healthcare.

Strengths and limitations of this study

= In this cross-sectional study, less than one-tenth of participants were familiar with ethics

implementation knowledge of MAI social experiments. More than three-fourths of participants

held an 'agree' ethics implementation attitude.

=  Health information technicians accounted for the highest proportion of those familiar with the

knowledge of implementing ethics, and pediatricians accounted for the highest proportion

among those holding 'agree' attitudes.

= The findings indicated a significant knowledge gap and variations in attitudes among

pediatricians, nurses, and health information technicians, which underscore the urgent need for

individualized education and training programs on MAI ethics implementation within different

occupations.

=  The limitations included specific conducted context, online surveys, and self-reporting, self-

designed questionnaires.
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INTRODUCTION

Medical artificial intelligence (MAI) is rapidly advancing and has the potential to revolutionize

healthcare. China has a large population base, and there is an insufficient distribution of medical

resources, particularly in the field of pediatrics. According to the 2021 China Health Statistics

Yearbook, the total number of pediatricians in China was reported to be 168,000. This data

corresponds to a ratio of approximately 0.66 pediatricians per 1,000 children aged 0-14 years old,

as of the year 2020[1]. The utilization of algorithms can facilitate the emergence of various Al-

driven systems for pediatric clinical practices, including the analysis of radiology imaging in

children[2,3], enable accurate diagnosis for children with common or rare diseases based on

electronic medical records or multimodal clinical data[4-7], identify the risk of early deterioration

in critically ill children by leveraging medical record data and video materials[8,9]. Robots can also

be employed for pre-consultation, triage, and referral services for children, further expanding the

scope of Al implementation in pediatric healthcare[10]. Therefore, implementing artificial

intelligence in pediatric healthcare in China is indeed a pressing need.

An MALI social experiment refers to a research study or intervention that utilizes artificial

intelligence (Al) technology in the context of social interactions and healthcare. Conducting MAI

social experiment is crucial for exploring the application of MAI and analyzing its potential impacts,

which helps properly handle the relationship between medical artificial intelligence, humans, and

society[11-13]. Due to the high level of uncertainty and significant ethical risks associated with

medical artificial intelligence, implementing ethics in these social experiments is of utmost

importance[14,15]. Research institutions in China and other countries have made significant efforts

to establish principles, guidelines, and norms for the ethical governance of MAI. Prominent
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examples include the World Health Organization(WHO) Guidance of Ethics and Governance of

Artificial Intelligence for Health, the United Nations Educational, Scientific and Cultural

Organization (UNESCO) recommendation on the ethics of artificial intelligence issued in June and

November 2021 respectively[15,16], Health Insurance Portability and Accountability Act (HIPAA),

the New Generation of Ethical Norms of Artificial Intelligence by the Ministry of Science and

Technology of China published in September 2021[17], and the Guidelines of Strengthening

Governance over Ethics in Science, Technology by the General Office of the State Council of China

issued in March 2022[18]. There are also helpful regulatory frameworks. In the United States, MAI

must be approved by the Food and Drug Administration (FDA), which classifies MAI as "software

as a medical device", while the collection, storage, and disclosure of personal health information is

regulated mainly by the HIPAA issued in 1996. In the European Union, privacy protection is

guaranteed by the General Data Protection Regulation (GDPR), which applies when a processor or

controller processes personal data in the context of the activities of its establishment[19]. Their

contributions have laid a theoretical foundation for ethical governance in MAI social experiments.

Though their focus was on pediatric patients, they also provided valuable suggestions in privacy,

safety, fairness, and accountability.

Pediatricians, nurses, and health information technicians have more opportunities to be potential

researchers in MAI social experiments. Their ethics implementation knowledge and attitudes are

vital in mitigating ethical risks and may influence decision-making processes and pediatric patient

care. However, studies explicitly focusing on pediatricians, nurses, and health information

technicians, investigating their ethics implementation knowledge and attitude of MAI social

experiments, are limited.
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This cross-sectional study aims to fill this research gap by investigating and comparing ethics

implementation knowledge and attitude of MAI social experiments among pediatricians, nurses,

and health information technicians. This study will provide valuable insights into ethics

implementation in MAI social experiments in pediatrics. The findings will contribute to developing

tailored education and training programs and inform the formulation of guidelines and policies that

promote the responsible and ethical use of Al in children's hospitals.

METHODS

Study Design and setting

This cross-sectional study was conducted at two tertiary children's hospitals in Shanghai from

July 1, 2022, to July 31, 2022, following the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) statement. The study was approved by the Research Ethics Board of

the Children's Hospital of Fudan University (N0.2022-52). Informed consent was obtained from all

participants involved in the study.

Patient and public involvement

No patient was involved in this study.

Participants and sampling,

Participants in the study were voluntary, and the information was collected anonymously. The

inclusion criteria were: (1) being a pediatrician, nurse, or health information technician at the two

hospitals, (2) having been engaged in or currently participating in MAI social experiments, and (3)

being voluntary participation in the survey. According to the pilot test results, data from the

participants were excluded from the final analysis if the recorded answering time for the entire

questionnaire was less than 150 seconds. Additionally, participants who submitted the same
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response to all items were also excluded from the analysis.

The sample size was estimated using the adjusted Yamane's formula[20], setting the population

size at 1580 based on information obtained from the hospital's human resources department, alpha

level at 0.05, margin of error at 0.05, and p at 4. We arrived at a sample size of 226. Assuming a

20% attrition rate[21], 272 participants were finally planned to be recruited for this study.

Measures

A web-based survey was conducted to gather information and collect data through wenjuanxing

(https://www.wjx.cn), a professional and widely used website for conducting surveys in China. The

survey consisted of two sections. One is about basic sociodemographic information, including

gender, age, educational level (Bachelor's diploma, Master's diploma, Doctor's diploma, Others),

types of occupation (pediatrician, nurse, or health information technician), levels of professional

titles (ungraded, junior, intermediate, and senior) and the other is a 21-item questionnaire. They

were all written in Chinese, and the knowledge-Attitude-Practice model was used as the conceptual

framework to build the structure of the 21-item questionnaire. Detailed information on the

questionnaire development and its English version can be found in Supplemental Appendix A, B

and C. In the Response options for the knowledge dimension in the questionnaire were 'familiar’,

'uncertain', and 'unfamiliar'. For attitude, response options were 'disagree’, 'neutral’, and 'agree'. The

questionnaire was first pilot-tested through convenience sampling. A sample of 52 individuals was

surveyed for reliability and face validity. The items were found to be reliable, with an acceptable

Cronbach's alpha coefficient of 0.727[22]. Item-content validity index(I-CVI) and scale-content

validity index(S-CVI) were 0.791 and 0.877, respectively[23].

Participants could scan the QR code using their cellphones or log in on their computers to
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access the questionnaire. The purpose of the survey and answering instructions were described on

the first page of the online questionnaire. The participants were suggested to complete the

questionnaire within 5 to 10 minutes. There is a limit on participants' IP addresses to avoid multiple

enrolments. A reminder for checking blank answers was set to block the submission of unfinished

questionnaires. The QR code and website address of the questionnaire were provided to the medical

service departments, nursing departments, and medical information centers. The directors of the

three departments took responsibility for recruiting all eligible healthcare workers, including

eligible medical students, to participate in the study.

Statistical analysis

Microsoft Office Excel 365 for Windows (Microsoft Corp, Redmond, USA) was used to

establish a database. Data were analyzed using SPSS V.25.0 for Windows (IBM, Armonk, New

York, USA). The response rate was calculated by the number of final participants divided by

recruited participants to the survey. The basic characteristics and responses were described as n (%),

and Chi-square test was used to test differences of proportions among pediatricians, nurses, and

health information technicians. No plan for missing data was required since participants could not

submit the questionnaire unless they completed it.

RESULTS

Participants characteristics

Of the 411 recruited individuals, 359 completed questionnaires were returned, with a response

rate of 87.3%. In total, 27 questionnaires were excluded (5 with unclear demographic information,

13 with short answering time, and 9 with the same answers to all the items). Finally, 332

questionnaires were included in the analysis. The participants’ baseline information is shown in

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 37

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


http://bmjopen.bmj.com/

Page 11 of 37

oNOYTULT D WN =

177

178

179

180

181

182
183
184
185

186

187

188

BMJ Open

Table 1. The age of the final participants ranged from 19 to 56 years old (Mean=32.4, SD=7.2).

Among them, 176 (53.0%) participants were female, 137 (41.2%) were pediatricians, 135(40.7%)

were nurses, and 60 (18.1%) were health information technicians. 35.5% held a master's diploma or

above, and senior-level professional titles accounted for 46.1%

Table 1 Basic information of participants

Characteristic Participants [n (%)]
Gender
Male 156 (47.0)
Female 176 (53.00

Type of occupation

Pediatrician 137 (41.2)
Nurse 135 (40.7)
Health information technician 60 (18.1)

Education level

Other lower 48 (14.5)
Bachelor's diploma 166 (50.0)
Master's diploma 103 (31.0)
Doctor's diploma 15 (4.5

Level of professional titles*

Ungraded level 58 (17.5)
Junior level 153 (46.1)
Intermediate level 81 (24.4)
Senior level 40 (12.00

* Professional titles symbolize the professionalism of healthcare workers. The evaluation process for these titles is guided by the
National Health Commission of the People's Republic of China. Typically, there are four levels that represent the proficiency
levels of knowledge and skills within a specific area of specialization, and individuals holding these titles are often entrusted with

leadership responsibilities.

Ethics implementation knowledge and attitude of MAI social experiment among physicians,

nurses, and health information technicians in pediatrics

The items within the knowledge dimension were marked as K1 to K10. K1 referred to the present
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status of performing MALI social experiments, K2 to K4 pertained to related ethical issues, and K5
to K10 addressed the requirements for ethics governance in MAI social experiments. There were
critical knowledge gaps. K1 received the highest rate of participants selecting 'familiar', but this
only accounted for 9.6% of the participants. The number of the response option as familiar was the
lowest in K4, K6-K8, with the same proportion of 2.4%. Most participants responded with
'unfamiliar' and 'uncertain’ to the items in the knowledge dimension (Table 2).

The items within the attitude dimension were marked as A1 to A11. They were all for behaviors
towards ensuring ethics implementation in MAI. Al to A3, AS, A6, A8, and A9 received 74.4% to
86.1% of participants selecting 'agree'. For A4, A10, and Al1, 41.9% of the participants held a
neutral attitude, respectively. (Table 3).

Overall ethics implementation knowledge of MAI social experiment among physicians, nurses,

and health information technicians in pediatrics (N=322)

Unfamiliar Uncertain Familiar
Knowledge
n (%) n (%) n (%)

K1 The status quo of conducting MAI social experiments in pediatrics. 135(40.7) 165(49.7) 32(9.6)
K2 Common ethical issues in MAI social experiments in pediatrics. 208(62.7) 102(30.7) 22(6.6)
K3 Underlying reasons for ethical issues in MAI social experiments in 212(63.9) 102(30.7) 18(5.4)
pediatrics.
K4 Coping strategies for ethical issues in MAI social experiments in 245(73.8) 79(23.8) 8(2.4)
pediatrics.
K5 Principles, norms and guidelines for implementing ethics in MAI social 246(74.1) 72(21.7) 14(4.2)
experiments in pediatrics.
K6 Policies or regulations for implementing ethics in MAI social 258(77.7) 66(19.9) 8(2.4)
experiments in pediatrics.
K7 Content of ethical review for MAI social experiments in pediatrics. 269(81.0) 55(16.6) 8(2.4)
K8 Ethical supervision mechanism for MAI social experiments in 274(82.5) 50(15.1) 8(2.4)
pediatrics.
K9 Ethical risk management approaches for MALI social experiments in 269(81.0) 33(16.0) 10(3.0)
pediatrics.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 37

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

N


http://bmjopen.bmj.com/

Page 13 of 37

oNOYTULT D WN =

201

202

203

204

205

206

207

BMJ Open

K10 Consequences of ethical violations for MAI social experiments in 245(73.8) 69(20.8) 18(5.4)

pediatrics.

Table 3  Overall ethics implementation attitude of MAI social experiment among physicians,

nurses, and health information technicians in pediatrics (N=322)

Disagree Neutral Agree
Attitude n (%) n (%) n (%)
Al Al experts should be involved in the research ethics committee 18(5.4) 66(19.9) 248(74.7)
for MAI social experiments in pediatrics
A2 Principles, norms, and guidelines on implementing ethics in MAI 5(1.5) 47(14.2) 280(84.3)
social experiments in pediatrics should be easy to understand and
be transformed into a workable process.
A3 Ethical researchers should be involved in MAI social 4(1.2) 56(16.9) 272(81.9)
experiments in pediatrics.
A4 A unified ethical review can be a barrier to performing MAI 87(26.2) 139(41.9) 106(31.9)
social experiments in pediatrics.
A5 Clarified subjects of ethical responsibility in MAI social 4(1.2) 59(17.8) 269(81.0)
experiments in pediatrics can facilitate ethical supervision.
A6 Participating in ethical education and training programs focusing 3(0.9) 46(13.9) 283(85.2)
on MAI social experiments is helpful for ethical supervision. .
A7 It is necessary to take children's and guardians' opinions into 62(18.7) 81(24.4) 189(56.9)
account while performing MAI social experiments in pediatrics.
When children's views are contrary to the guardians', we should
adopt the guardians' ones.
A8 Establishing an effective supervision mechanism is helpful. 4(1.2) 42(12.7) 286(86.1)
A9 Content of ethical supervision can be dynamically adjusted 12(3.6) 63(19.0) 257(77.4)
according to the clinical context.
A10 The number of children or guardians against MAI will increase 73(22.0) 139(41.9) 120(36.1)
after having a comprehensive understanding of the ethical risk
in MAI social experiments in pediatrics.
Al1 Strict ethical risk management can hinder performing MAI 79(23.8) 139(41.9) 114(34.3)
social experiments in pediatrics.

Comparison among physicians, nurses, and health information technicians in ethics

implementation knowledge and attitude of MAI social experiment in pediatrics

The comparison was conducted among physicians, nurses, and health information technicians

concerning their ethics implementation knowledge and attitude of MAI social experiment in
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pediatrics. It was found that pediatricians, nurses, and health information technicians showed

significant differences in the proportions to choose the option of 'unfamiliar', 'uncertain', and

'familiar' in K1-K3 and K5, where health information technicians accounted for the highest

proportion at 'familiar', followed by pediatricians then nurses (Supplemental Table 1). Also,

significant differences were observed in the proportions of respondents choosing the 'agree', 'neutral’,

and 'disagree' options in A1-A3, A5, A6, A8, and A9. Among these, pediatricians or nurses

accounted for the highest proportion at 'agree’, followed by health information technicians. However,

in A4, A7, A10, and A11, pediatricians, nurses, and health information technicians held relatively

balanced proportions at 'disagree', 'neutral’ and 'agree', indicating that there were debates in the

views towards the statements of the four items (Supplemental Table 2).

DISCUSSION

This study provided an analysis of pediatricians, nurses, and health information technicians’

knowledge and attitude towards ethics implementation in MAI social experiments at children’s

hospitals in Shanghai. Similar findings were reported regarding medical staff and other professional

technicians' familiarity with, attitudes toward, and concerns about Al in ophthalmology[24].

However, medical staff encompasses a wide range of specialties within healthcare sectors. The

current findings devote little to enhancing MAI ethics implementation in pediatric healthcare. Our

study focused on pediatricians, nurses, and health information technicians working at children’s

hospitals, and revealed that only 2.4% to 9.6% of participants at children's hospitals reported being

familiar with ethics implementation knowledge of MAI social experiments. Regarding attitudes, the

results demonstrated a relatively higher percentage of participants who held 'agree' attitudes, ranging

from 34.3% to 86.1%. The findings indicated a significant gap in the understanding, and variations
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in attitudes towards ethics implementation among healthcare professionals in the context of MAI

social experiments in pediatrics.

On the one hand, health information technicians accounted for the highest proportion of

participants who reported being familiar with implementing ethics, suggesting that individuals in

this role may have received specialized training or have greater exposure to the ethical

considerations related to MAI social experiments. On the other hand, pediatricians accounted for

the highest proportion of those with positive attitudes towards ethics implementation in MAI social

experiments, which implied that physicians might have a stronger sense of responsibility and

awareness of the ethical implications associated with MAI social experiments in the context of

pediatric care. It could also suggest that pediatricians, as primary decision-makers, have a more

significant influence on implementing ethics within the hospital setting than other medical staff.

In the field of pediatrics, the potential advantages of MAI social experiments are evident in

various aspects. These include utilizing decision support systems for precise and personalized

diagnosis and nursing interventions, leveraging extensive data sources, such as electronic medical

records, examination and laboratory data, as well as dynamic video images of patients, to aid in the

identification of disease risks and prognosis. Furthermore, the implementation of robots can

optimize the allocation of pediatric nurses' time and efforts, resulting in improved efficiency and

patient care[25-30]. Nevertheless, MAI also carries the potential to pose challenges to the core

values of medicine, including autonomous decision-making by doctors or nurses, and the safety and

privacy of pediatric patients and their caregivers[31, 32]. Previous studies on implementing ethics

in MAI social experiments have always paid more attention to regulating researchers, programmers,

engineers, and data scientists in the stages of research, design, and development, but failed to notice
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that ethical issues in healthcare staff are equally important[33, 34]. Obtaining their information

about ethics implementation knowledge and attitudes of MAI social experiments may help

policymakers make more meaningful decisions which are the premises to promote ethics

implementation in MAI experiments.

We particularly observed that 56.9% of the participants expressed 'agree' attitudes towards

considering both children's and guardians' opinions, and giving priority to guardians' opinions while

conducting MAI social experiments in pediatrics. Moreover, there were no significant differences

among pediatricians, nurses, and health information technicians on this topic. This indicated that

healthcare staff in China have begun to focus on the best interest of the minor when considering the

trade-off between the benefits of MAI in pediatric care and the associated risks. Ethical decision-

making in the context of MAI should prioritize the well-being and welfare of pediatric patients,

ensuring that their best interests are upheld throughout the implementation of MAI technologies.

This includes carefully assessing the potential risks and harms that MAI products may pose to them,

such as data immortality, and developing appropriate safeguards to protect their privacy, autonomy,

and overall well-being[35].

Strengths and limitations of this study

The strengths of this study lie in its representative population, multidimensional assessment,

quantitative data collection, comparison across professions, focus on ethics implementation,

practical implications, and recommendations for further research. The limitations of the study were

as follows. Firstly, the study was conducted in a specific context of tertiary children's hospitals in

Shanghai. Therefore, the findings may not directly apply to medical staff in other regions or different

types of healthcare facilities. Secondly, the data collection relied on online surveys by self-reporting
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of self-designed questionnaires. Despite efforts to ensure anonymity and confidentiality, there is

still a possibility of bias influencing the responses. Thirdly, the study utilized a cross-sectional

design, and it did not capture changes or developments in their knowledge and attitudes over time.

Consequently, we intend to broaden the scope of our research in future studies by incorporating

patients into our study population and increasing the sample size.

CONCLUSION

The study provides a detailed analysis of the ethics implementation knowledge and attitudes of

MALI social experiments among medical staff at children's hospitals in Shanghai. The findings reveal

a significant knowledge gap and variations in attitudes among pediatricians, nurses, and health

information technicians, which underscore the urgent need for individualized education and training

programs to enhance MAI ethics implementation in pediatric healthcare. Additionally,

interdisciplinary collaboration and dialogue are crucial for developing clear ethical frameworks that

guide responsible ethics implementation.
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Appendix A: Questionnaire development

The questionnaire was written in Chinese. The initial step involved systematic literature retrieval

to gather information on implementing ethics in social experiments based on medical artificial

intelligence from guidelines, expert consensus, practice standards, and norms. A librarian working

in the hospital library provided valuable assistance during this process (see Appendix B). Then, a

focus group interview, consisting of 10 experts (two medical ethics professors, one sociology

professor, three artificial intelligence professors, and four medical professors proficient in medical

artificial intelligence social experiments), was conducted. In the interview meeting, all experts were

encouraged to express their opinions on the following questions: (1) What is your understanding of

implementing ethics in medical artificial intelligence (MAI) social experiments? (2) What

knowledge should medical staff, involved in MAI social experiments, master to facilitate

implementing ethics? (3) What are your attitudes regarding implementing ethics in MAI social

experiments? Eventually, relevant contents from literature and interviews were extracted, and then

they were classified according to the Knowledge-Attitude-Practice model. Based on the model,

knowledge is comprised of scientific knowledge, local knowledge, tacit knowledge, and self-

reflective knowledge [1]. Attitude refers to a positive or negative option of objective evaluation [2].

After item generation, item deletion and modification were made according to experts’ opinions

through three rounds of Delphi expert consultation. Ten experts, including medical ethics professors,

sociology professors, artificial intelligence professors, and medical professors, were invited.

Eventually, the draft questionnaire was developed.

Before the formal survey started, eight individuals (according to the cognitive debriefing

guidelines provided by the PROMIS Translation Director from our previous study), including
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artificial intelligence researchers and healthcare workers, joined the cognitive debriefing. The

purpose of the cognitive debriefing is to confirm that all items are understood by the target

participants as intended. First, they were invited to complete the draft questionnaires, and after that

they were interviewed with the following questions: (1) Was each item clearly expressed without

ambiguity? If not, please identify the unclear or ambiguous expressions; (2) Were any items

challenging to understand? If yes, please specify the difficulties, and if not, please try to explain

each item in your own words; (3) What were your reasons for each of your answers? (4) What else

is needed to be added? All participants were able to correctly explain the meaning of the item and

respond logically in their own words on 17 items. Language readability modification of the other 4

items was made according to the participants’ comments. The final questionnaire consisted of two

dimensions, comprising 21 items. In the context of the knowledge dimension, respondents were

asked to express their familiarity with various aspects, including the progress, ethical issues related

to conducting MAI social experiments, and ethics governance according to norms and principles for

such experiments. The response options ranged from 'familiar', 'uncertain' to 'unfamiliar'. In the

attitude dimension, respondents were asked to express their agreement with behavioral statements

concerning implementing ethics in MAI social experiments. The response options ranged from

'disagree', 'neutral' to 'agree'. The questionnaire was pilot-tested through convenience sampling from

June 6, 2023, to June 17, 2023. A survey was conducted with a sample of 52 individuals to assess

the face validity, focusing on determining the relevance and accuracy of the 21 items, as well as

examining their reliability according to the Consensus-based Standards for the Selection of Health

Measurement Instruments (COSMIN) methodology for assessing the content validity and reliability

of Patient-reported Outcome Measures ( PROMs )[3,4]. The items were found to be reliable, with
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an acceptable Cronbach's alpha coefficient of 0.727[5]. Item-content validity index(I-CVI) and

scale-content validity index(S-CVI) were 0.791 and 0.877, respectively [6].
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Appendix B: Systematic Literature Retrieval
1 Data Source

Databases: BYU Law, Westlaw, Web of Science, JSTOR, Springer

International Organization Website: UNESCO Library, OECD Library, EP Library,
et al.

national government departments and relevant committees :Using the United States
as an example: THE WHITE HOUSE(http://www.whitehouse.gov), Science
technology council(https://www.nstc.org.zm), homeland security(http://www.dhs.gov),
Information Network Sector(http://www.nitrd.gov), department of Defense
(https://innovation.defense.gov/).
2 Retrieval Strategy

The title should contain: (artificial intelligence or Al or robot) and (ethic or moral
or governance or risk or principle or guideline or consensus)

Time Range: January 1, 2016 to May 1, 2021

3 Primary Reference Lists

NO.  Publishing Agency Document Title Year
1 European Parliament An EU framework for artificial intelligence 2020
2 European Parliament Artificial intelligence: From ethics to policy 2020
3 European Parliament European framework on ethical aspects of artificial 2020

intelligence, robotics and related technologies
4 European Parliament EU guidelines on ethics in artificial intelligence: 2019

Context and implementation

5 European Parliament European Civil Law Rules in Robotics 2016

6 European Commission  Ethics Guidelines for Trustworthy Al 2018

7 OECD OECD Principles on Al 2019

8 China Practice Guide of Network Security - Prevention of 2021
Ethical Security Risks of Artificial Intelligence

9 China The Governance Principle of the New Generation of 2019
Artificial Intelligence-Developing Responsible
Artificial Intelligence

10 UNESCO Recommendation on the Ethics of Artificial 2021
Intelligence

11 UNESCO Preliminary Study on the Ethics of Artificial 2019
Intelligence
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13

14

15

16

17

18

19

20

21

22

23

24
25

26
27

UNESCO

America

America

America

America

America

America

America

Britain

The European Union

Korea

WHO

Australia

IEEE

IEEE

Singapore
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Ethical principles for the development of Artificial
Intelligence based on the diversity of cultural
expressions

Executive Order Promoting the Use of Trustworthy Al
in the Federal Government
Technology Assessment: Artificial Intelligence in
Health Care
Artificial Intelligence Ethics Framework for the
Intelligence Community
Four Principles of Explainable Artificial Intelligence
Ethical Principles for Artificial Intelligence
Principles of Artificial Intelligence Ethics for the
Intelligence Community
Guidance for Regulation of Artificial Intelligence
Applications
Robots and robotic devices Guide to the ethical design
and application of robots and robotic systems
Ethics Guidelines for Trustworthy Al
National Ethical Standards for Artificial Intelligence
Ethics and governance of artificial intelligence for
health: WHO guidance
Australia’s Artificial Intelligence Ethics Framework
Ethical Guidelines for the Design of Artificial
Intelligence
Ethically Aligned Design Version 2

Model AI Governance Framework

2018

2020

2020

2020

2020

2020

2020

2020

2016

2020

2020

2021

2019
2019

2017
2019
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Appendix C:

A questionnaire for pediatric medical staff’s ethics implementation knowledge and
attitude of medical artificial intelligence social experiments
I Knowledge dimension
Introduction: We would like to invite you to present how you are familiar with the
statement on ethics implementation knowledge of social experiments based on medical

artificial intelligence (MAI) . Please mark only one option for each item.

K1 The status quo of performing MAI social experiments in pediatrics.
OUnfamiliar

OUncertain

LlFamiliar

K2 Common ethical issues in MAI social experiments in pediatrics.
OUnfamiliar

OUncertain

LIFamiliar

K3 Underlying reasons for ethical issues in MAI social experiments in pediatrics.
OUnfamiliar

OUncertain

LIFamiliar

K4 Coping strategies for ethical issues in MAI social experiments in pediatrics.

OUnfamiliar
CUncertain
CFamiliar

K5 Principles, norms and guidelines for implementing ethics in MAI social experiments
in pediatrics.

OUnfamiliar

OUncertain

OlFamiliar

K6 Policies or regulations for implementing ethics in MAI social experiments in
pediatrics.

OUnfamiliar

OUncertain

OlFamiliar

K7 Content of ethical review for MAI social experiments in pediatrics.
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LUnfamiliar
LlUncertain
ClFamiliar

K8 Ethical supervision mechanism for MAI social experiments in pediatrics.
LlUnfamiliar

OlUncertain

LIFamiliar

K9 Ethical risk management approaches for MAI social experiments in pediatrics.
OlUnfamiliar

OUncertain

OlFamiliar

K10 Consequences of ethical violations for MAI social experiments in pediatrics.
OlUnfamiliar

OUncertain

OFamiliar

Il Attitude Dimension
Instruction: We would like to invite you to present how you agree with the statement on
ethics implementation of social experiments based on medical artificial intelligence (MAI).
Please mark only one option.
Al Al experts should be involved in the research ethics committee for MAI social
experiments review in pediatrics.

UDisagree

CINeutral
LlAgree

A2 Principles, norms, and guidelines on implementing ethics in MAI social experiments
in pediatrics should be easy to understand and be transformed into a workable process.

LIDisagree

CINeutral
LlAgree

A3 Ethical researchers should be involved in MAI social experiments in pediatrics.
[IDisagree
CINeutral
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LlAgree

A4 A unified ethical review can be a barrier to performing MAI social experiments in
pediatrics.

[IDisagree

CINeutral
LlAgree

A5 Clarified subjects of ethical responsibility in MAI social experiments in pediatrics can
facilitate ethical supervision.

[IDisagree

[INeutral
LlAgree

A6 Participating in ethical education and training programs focusing on MAI social
experiments is helpful for ethical supervision.

UDisagree

CINeutral
LlAgree

A7 It is necessary to take children's and guardians' opinions into account while
performing MAI social experiments in pediatrics. When children'’s views are contrary to the
guardians', we should adopt the guardians' ones.

[IDisagree

CINeutral
OAgree

A8 Establishing an effective supervision mechanism is helpful.
[IDisagree

LINeutral
LlAgree

A9 Content of ethical supervision can be dynamically adjusted according to the clinical
context.

[IDisagree

CINeutral
LlAgree

A10 The number of children or guardians against MAI will increase after having a
comprehensive understanding of the ethical risk in MAI social experiments in pediatrics.

[IDisagree
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[INeutral
LlAgree

A11 Strict ethical risk management can hinder performing MAI social experiments in
pediatrics.

[IDisagree

CINeutral
LlAgree
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Table 1 Comparing the knowledge of implementing ethics in MAI social experiments among

healthcare workers at children's hospitals

health information technicians (HIT)=60]

[N of pediatricians=137, N of nurses=135, N of

Pediatricians Nurses HIT Chi-Square, Sig, P
Knowledge n (%) n (%) n (%) x?

K1
Unfamiliar 135(40.7) 54(39.4) 67(49.6) 14(23.3) 20.064 <0.001
Uncertain ~ 165(49.7) 71(51.8) 61(45.2) 33(55.0)
Familiar 32(9.6) 12(8.8) 7(5.2) 13(21.7)

K2
Unfamiliar 208(62.7) 83(60.6) 95(70.4) 30(50.0) 11311 0.023
Uncertain ~ 102(30.7) 44(32.1) 36(26.7) 22(36.7)
Familiar 22(6.6) 10(7.3) 4(3) 8(13.3)

K3
Unfamiliar 212(63.9) 81(59.1) 99(73.3) 32(53.3) 10.969 0.027
Uncertain ~ 102(30.7) 49(35.8) 31(23.0) 22(36.7)
Familiar 18(5.4) 7(5.1) 5(3.7) 6(10.0)

K4
Unfamiliar 245(73.8) 99(72.3) 106(78.5) 40(66.7) 7.753 0.101
Uncertain ~ 79(23.8) 36(26.3) 27(20.0) 16(26.7)
Familiar 8(2.4) 2(1.5) 2(1.5) 4(6.7)

K5
Unfamiliar 246(74.1) 96(70.1) 110(81.5) 40(66.7) 16.128 0.003
Uncertain ~ 72(21.7) 38(27.7) 21(15.6) 13(21.7)
Familiar 14(4.2) 3(2.2) 4(3.0) 7(11.7)

K6
Unfamiliar 258(77.7) 107(78.1) 108(80.0) 43(71.7) 3.045 0.550
Uncertain ~ 66(19.9) 27(19.7) 25(18.5) 14(23.3)
Familiar 8(2.4) 3(2.2) 2(1.5) 3(5)

K7
Unfamiliar 269(81.0) 111(81.0) 113(83.7) 45(75.0) 6.334 0.176
Uncertain ~ 55(16.6)) 24(17.5) 20(14.8) 11(18.3)
Familiar 8(2.4) 2(1.5) 2(1.5) 4(6.7)

K8
Unfamiliar 274(82.5) 115(83.9) 112(83.0) 47(78.3) 2.495 0.646
Uncertain ~ 50(15.1) 20(14.6) 20(14.8) 10(16.7)
Familiar 8(2.4) 2(1.5) 32.2) 3(5.0)

K9
Unfamiliar 269(81.0) 112(81.8) 111(82.2) 46(76.7) 4.120 0.390
Uncertain ~ 53(16.0) 23(16.8) 20(14.8) 10(16.7)
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Familiar 10(3.0) 2(1.5) 4(3.0) 4(7.7)
K10
Unfamiliar 245(73.8)
Uncertain ~ 69(20.8) 100(73.0) 105(77.8) 40(66.7) 9.260 0.055
Familiar 18(5.4) 28(20.4) 28(20.7) 13(21.7)
9(6.6) 2(1.5) 7(11.7)
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Table 2 Comparing the attitude towards implementing ethics in social experiments based on

MAI among healthcare workers at children's hospitals

nurses=135, N of health information technicians (HIT)=60]

[N of pediatricians=137, N of

Attitude Pediatricians Nurses HIT Chi-Square, Sig, P
n (%) n (%) n (%) X2
Al
Disagree 18(5.4) 8(5.8) 5(3.7) 5(8.3) 16.315 0.003
Neutral ~ 66(19.9) 14(10.2) 34(25.2) 18(30.0)
Agree 248(74.7) 115(83.9) 96(71.1) 37(61.7)
A2
Disagree 5(1.5) 32.2) 1(0.7) 1(1.7) 10.320 0.035
Neutral ~ 47(14.2) 10(7.3) 24(17.8) 13(21.7)
Agree 280(84.3) 124(90.5) 110(81.5) 46(76.7)
A3
Disagree 4(1.2) 1(0.7) 1(0.7) 2(3.3) 17.971 0.001
Neutral ~ 56(16.9) 11(8.0) 28(20.7) 17(28.3)
Agree 272(81.9) 125(91.2) 106(78.5) 41(68.3)
A4
Disagree 87(26.2) 33(24.1) 33(24.4) 21(35.0) 3.442 0.487
Neutral 139(41.9) 60(43.8) 59(43.7) 20(33.3)
Agree 106(31.9) 44(32.1) 43(31.9) 19(31.7)
A5
Disagree 4(1.2) 0(0.0) 2(1.5) 2(3.3) 11.958 0.018
Neutral ~ 59(17.8) 17(12.4) 25(18.5) 17(28.3)
Agree 269(81.0) 120(87.6) 108(80.0) 41(68.3)
A6
Disagree 3(0.9) 0(0.0) 2(1.5) 1(1.7) 10.858 0.028
Neutral ~ 46(13.9) 13(9.5) 18(13.3) 15(25.0)
Agree 283(85.2) 124(90.5) 115(85.2) 44(73.3)
A7
Disagree 62(18.7) 32(23.4) 20(14.8) 10(16.7) 3.667 0.453
Neutral ~ 81(24.4) 30(21.9) 35(25.9) 16(26.7)
Agree 189(56.9) 75(54.7) 80(59.3) 34(56.7)
A8
Disagree 4(1.2) 0(0.0) 2(1.5) 2(3.3) 13.088 0.011
Neutral ~ 42(12.7) 9(6.6) 21(15.6) 12(28.3)
Agree 286(86.1) 128(93.4) 112(83.0) 46(66.7)
A9
Disagree 12(3.6) 3(2.2) 6(4.4) 11(18.3) 9.893 0.042
Neutral ~ 63(19.0) 17(12.4) 29(43.0) 29(48.3)
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Agree  257(774) 117(85.4) 100(35.6) 20(33.3)
Al10

Disagree  73(22.0) 33(24.1) 29(21.5) 40(66.7) 2.062 0.724
Neutral ~ 139(41.9) 52(38.0) 58(20.7) 13(21.7)

Agree  120(36.1) 52(38.0) 48(1.5) 7(11.7)
All

Disagree  79(23.8) 36(26.3) 29(21.5) 14(23.3) 1.223 0.874
Neutral — 139(41.9) 54(39.4) 58(43.0) 27(45.0)

Agree  114(34.3) 47(34.4) 48(35.6) 19(31.7)
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2 STROBE Statement—checklist of items that should be included in reports of observational studies ; E

: © 8

5 Item E lzéage/Line number of the manuscript
6 No. Recommendation =

7 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract g m % Pagel/ Line 1-3

2 (b) Provide in the abstract an informative and balanced summary of what was done and what was g g_% Page2-3/Line 23-46
10 found g‘% :'\j

1 Introduction %cgb 8

:g Background/rationale 2 Explain the scientific background and rationale for the investigation being reported é é g Page4-5/Line 68-109
14 Objectives State specific objectives, including any prespecified hypotheses é’g 2 Page5-6/Line 110-115
1 2 Methods g é. %

17 Study design 4 Present key elements of study design early in the paper o> = Page6/Line 118

18 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, g a i Page6/Line 118-120
19 follow-up, and data collection 3. =

;? Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of ; § Page6-7/Line 126-133
22 participants. Describe methods of follow-up g_ g-

23 Case-control study—Give the eligibility criteria, and the sources and methods of case g g

24 ascertainment and control selection. Give the rationale for the choice of cases and controls '% g

;2 Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of ; E

57 participants 3 3

28 (b) Cohort study—TFor matched studies, give matching criteria and number of exposed and % S NA

29 unexposed § §

2(1) Case-control study—For matched studies, give matching criteria and the number of controls per é 5%

32 case =S

33 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 2 o Page8-9/Line 175-180
34 Give diagnostic criteria, if applicable %

gg Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (rfg Page8-9/Line 181-189
37 measurement (measurement). Describe comparability of assessment methods if there is more than one group ®

38 Bias 9 Describe any efforts to address potential sources of bias g NA

ig Study size 10 Explain how the study size was arrived at é Page6/Line 134-137
41 Continued on next page '§

42 2
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for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed

Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which = Page8-9/Line 181-189
variables groupings were chosen and why %
Statistical 12 (a) Describe all statistical methods, including those used to control for confounding E Page8-9/Line 181-189
methods (b) Describe any methods used to examine subgroups and interactions E) Page9/Line 194-195
(c) Explain how missing data were addressed ; m Page9/Line 196-197
(d) Cohort study—If applicable, explain how loss to follow-up was addressed gg_ NA
Case-control study—If applicable, explain how matching of cases and controls was addressed %g
Cross-sectional study—If applicable, describe analytical methods taking account of sampling gg
strategy § rz
(e) Describe any sensitivity analyses 03 NA
Results 5'
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined % Pagel0/Line 200-203
E

(b) Give reasons for non-participation at each stage

Page9/Line 200-203

(c) Consider use of a flow diagram

NA

Descriptive data ~ 14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information on

exposures and potential confounders

Pagel0/Table 1

(b) Indicate number of participants with missing data for each variable of interest NA

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time NA

Case-control study—Report numbers in each exposure category, or summary measures of exposure NA

Cross-sectional study—Report numbers of outcome events or summary measures Page10/Line 200-203
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision Page9/Line 203

(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were

included
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(b) Report category boundaries when continuous variables were categorized

Page9/Line 203-204

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time

period

NA
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L ~
; Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses g E Page13-14/Line 236-254
4 Discussion g g
5 Key results 18 Summarise key results with reference to study objectives a N Pagel7/Line 273-291
? Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss e £ Page18/Line 306-313
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