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Abstract

Objective: Diabetic retinopathy (DR) may lead to irreversible damage to the eye and cause blindness if diagnosed in its
advanced stages. Artificial intelligence (AI) may support screening and contribute to a timely diagnosis. The aim of this
study was to evaluate factors that might influence the success of implementing AI-supported devices for DR screenings
in general practice.

Methods: A questionnaire with modules on attitudes toward digital solutions, technical factors, perceived patient perspec-
tives, and sociodemographic data was constructed and 2100 general practitioners (GPs) in Germany were invited to partici-
pate via a personal letter.

Results: Two hundred nine physicians participated in the survey (10% response rate, mean age= 54 years, 46% women).
Acquisition costs (mean= 1.37), remuneration (mean= 1.46), and running costs (mean= 1.40) were considered particularly
relevant in the context of AI-based screening tools. GPs indicated that a mean of €27.00 (SD= 19) was considered to be an
appropriate reimbursement for an AI-based screening for DR in their practice. Less relevant factors were availability of a smart-
phone used in the practice (mean= 2.53) and time until the examination result was available (mean= 2.29). Important technical
factors were practicability of the device (mean= 1.27), unproblematic installation of any necessary software (mean= 1.34), and the
integrability into the practice information system (mean= 1.44). Considering the patient welfare, physicians rated the accuracy of
the examination, omission of pupil dilation, and the duration of the examination as the most important factors. Participants ranked
the factors broadening the scope of care, strengthening the primary care (PC) range, and signs of modern medical practice as the
most important factors for making an AI-based screening tool attractive for their practice.

Conclusions: These findings serve as a basis for a successful implementation of AI-assisted screening devices in PC and
might facilitate early screenings for ophthalmological diseases in general practice. The most relevant barriers that need
to be overcome for a successful implementation of such tools include clarification of the costs and reimbursement policies.
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Background
Diabetic retinopathy (DR) is a frequent complication of dia-
betes mellitus (DM) type 1 and 2 that causes severe and irre-
versible damage such as blindness if diagnosed too late. It is
assumed that the global number of DM cases will increase
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due to, for example demographic developments.1 Early
detection is particularly important due to the fact that clin-
ical signs are largely absent in the early stages of the
disease. During retinopathy, retinal blood vessels become
damaged, leading to the formation of small bulges called
microaneurysms on the vessel walls. These microaneurysms
can rupture, resulting in retinal hemorrhages as blood enters
the retinal tissue.2 In addition, nerve fibers in the retina may
swell, causing white spots on the retina known as cotton
wool spots.3,4 While both microaneurysms and nerve fiber
swelling are associated with retinopathy, they represent dis-
tinct pathophysiological processes, with the swelling of
nerve fibers not directly contributing to the development of
microaneurysms or retinal hemorrhages.

The prevalence of DR in Germany has been found to
vary according to the duration of the disease and the health-
care sector. For example, in primary care (PC), 24% of type
1 and 10% of type 2 DM patients who have had diabetes for
at least 5 years are diagnosed with DR. In contrast, in sec-
ondary and tertiary care, the prevalence increases to 27% to
30% for type 1 and 20% to 25% for type 2 DM patients who
have had diabetes for at least 10 years.5 In rural areas, dia-
betologists and ophthalmologists are scarce and may be dif-
ficult to reach.6 Implementing screening for DR in PC could
facilitate reaching patients at an early stage. With the help
of artificial intelligence (AI) devices, retinal images could
be evaluated on PC without the need for an eye specialist.7,8

AI-based screening typically involves the use of machine
learning algorithms, particularly deep-learning techniques,
to analyze retinal images and identify patterns indicative
of DR. These algorithms are trained on large datasets of
labeled retinal images and can learn to recognize features
associated with DR, such as microaneurysms, hemorrhages,
and cotton wool spots. Once trained, these AI models can
rapidly and accurately evaluate new retinal images for the
presence of DR, potentially improving the efficiency and
accessibility of DR screening programs.

However, little is known about the factors that may influ-
ence the adoption of such screening devices into daily prac-
tice in PC settings.9 Several recent studies have assessed
concerns of practitioners in PC regarding the implementa-
tion of AI-based screenings in their practice, with the cost
of implementation and potential technical issues frequently
named as reasons that hinder the implementation.10–13 At
the same time, studies have identified a generally positive
attitude of general practitioners (GPs) toward AI-based
screening systems.14,15 A large proportion of e-health pro-
jects in recent years did not develop beyond a pilot stage
and could not be successfully integrated into daily
medical care due to a lack of scientific evaluation.16,17

With the help of implementation scientists who supply
methods that are systematically suitable for the transfer of
findings from current research into patient care, it is pos-
sible to pave a path to introduce AI methods into daily
medical practice. In this way, the effectiveness, efficiency,

and quality of health care could be improved.18

Therefore, the identification of facilitating factors and bar-
riers related to AI devices in the PC field is an important
element of implementation science.19 Exploring the needs
and requirements of future users is the basis for transferring
the best available evidence into everyday clinical practice.20

The aim of this study is therefore to further evaluate
factors that might influence the implementation of
AI-based devices, including smartphone-based solutions,
for the screening of DR in PC.

Methodology
The study was conducted according to the Strengthening
the Reporting of Observational Studies in Epidemiology
guideline.21

Questionnaire

The questionnaire was developed on the grounds of a pre-
viously conducted qualitative study22 and the experiences
of the researchers (Director of the Institute of General
Medicine, economic engineer, and GP). The questionnaire
used in this study has not been previously validated.
However, it was piloted by four GPs to assess its compre-
hensibility and face validity. During this process, only
minor amendments were made. The questionnaire consisted
of six modules (see Supplemental file for the full question-
naire). The first module related to attitudes regarding digital
solutions for PC physicians. The second module captured
the relevance of technical factors during implementation.
The third module captured the perceived patient perspec-
tive. Part four dealt with the impact of AI-supported screen-
ing on the profession of a GP. Modules five and six
included questions on practice management and sociode-
mographic data. The questionnaire was distributed in
German and was translated into English solely for the
purpose of this publication.

Recruitment

This cross-sectional study was conducted over a period of three
months, fromNovember 2021 to February 2022. A total of 2100
GPs were randomly invited to participate via a personal letter.
They were chosen from the databases of the Associations of
Statutory Health Insurance Physicians of the federal states of
Brandenburg, Baden-Württemberg, North Rhine-Westphalia,
andMecklenburg-Western Pomerania. Inclusion criteria for par-
ticipation in this studywere GPs registeredwith the Associations
of Statutory Health Insurance Physicians in the federal states of
Brandenburg, Baden-Württemberg, North Rhine-Westphalia,
and Mecklenburg-Western Pomerania. Exclusion criteria were
physicians who specialized in fields other than general practice.

After three weeks, a reminder letter and another invita-
tion to the survey were sent out. Another three weeks

2 DIGITAL HEALTH

https://journals.sagepub.com/doi/suppl/10.1177/20552076231176644


later, a final reminder was sent out, this time with the survey
enclosed in paper form in order to reach the less digitally
affine target group and increase the response rate. No incen-
tive was offered.

Statistical analysis

Analyses were performed using SPSS 27.0 (SPSS Inc.,
IBM, Armonk, USA).

First, the sociodemographic characteristics of the sample
were described. Continuous data were summarized using
means, standard deviations, medians, and interquartile

ranges. Categorical data were presented as frequency
counts and percentages. Most items within the question-
naire used a five-point Likert scale (1= very positive to 5
= very negative or 1= very relevant to 5= very irrelevant).
Therefore, for these different items mean, standard devi-
ation, and confidence interval as well as median and inter-
quartile range were calculated.

Subgroup analyses using chi²-test and Mann–Whitney
U-test were performed regarding the age and gender of
the participants as well as the interval-scaled variable “dis-
tance ophthalmologist’s practice.” This variable was
dichotomized. The cutoff was calculated on the basis of

Table 1. Relevance of determinants during the implementation of AI-based screenings for DR in primary care.

Items* Mean (SD) CI 95% Median (IQR)

Acquisition costs 1.37 (0.71) 1.28–1.50 1 (1; 2)

Running costs 1.40 (0.69) 1.32–1.54 1 (1; 2)

Validity of the examination 1.44 (0.69) 1.34–1.55 1 (1; 2)

Remuneration 1.46 (0.78) 1.37–1.63 1 (1; 2)

Simplicity of billing 1.46 (0.79) 1.30–1.52 1 (1; 2)

Contact person for technology/IT 1.48 (0.82) 1.33–1.58 1 (1; 2)

Low-threshold contact with ophthalmologists 1.56 (0.79) 1.45–1.70 1 (1; 2)

Duration of the examination 1.58 (0.79) 1.46–1.71 1 (1; 2)

Liability issues 1.61 (0.99) 1.49–1.82 1 (1; 2)

Training of the handling 1.62 (0.85) 1.51–1.79 1 (1; 2)

Delegability of retinal image creation to medical assistants 1.72 (0.99) 1.53–1.83 1 (1; 2)

Openness of the practice team toward new procedures 1.75 (0.95) 1.58–1.87 1 (1; 2)

Competency enhancement for medical assistants 1.85 (0.90) 1.69–1.97 2 (1; 2)

Data security 1.85 (1.06) 1.66–2.00 1 (1; 2)

Training (information about the disease) 1.86 (0.92) 1.63–1.98 2 (1; 2)

Change of established practice processes 1.93 (0.99) 1.78–2.10 2 (1; 3)

Competency enhancement for general practitioners 1.96 (0.93) 1.76–2.02 2 (1; 2)

Established treatment pathways between general practitioners and ophthalmologists 2.13 (1.18) 1.95–2.33 2 (1; 3)

Time until the results come in 2.29 (1.18) 2.05–2.42 2 (1; 3)

Provision of a practice smartphone 2.53 (1.30) 2.26–2.66 3 (1; 3)

AI: artificial intelligence; DR: diabetic retinopathy; SD: standard deviation; CI: confidence interval; IQR: interquartile range; IT: information technology.
*Range from 1 (very relevant) to 5 (very irrelevant).
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the median. Therefore, value 10 was used to divide the
group into group one “1 to 9 min” and group two
“10 min and more.”

Results

Sociodemographic data

The sample included 209 of 2100 physicians, which translated
to a response rate of ∼10%. The surveyed physicians were
either working alone in a practice or within small group prac-
tices. The average age of the physicians was 54 years.

The gender distribution of the sample was as follows:
51% of the participants were female and 49% were male.
Of the subjects, 40% stated that they work in rural areas
and 51% in urban areas. The average years of practice
was 18 years (SD= 11.7).

Digital solutions for PC practice

A summary of the responses to the question about the rele-
vance of different aspects of AI-based screening for DR in
PC practice was shown in Table 1.

Financial factors, such as acquisition costs (mean=
1.37), remuneration (mean= 1.46), and running costs

(mean= 1.40), were rated as very relevant. Respondents
indicated a mean of €27.00 (SD= 19) as an appropriate
payment for such an examination, which could be done in
about ten minutes and could be delegated to a medical
assistant. The maximum price that respondents would be
willing to invest in the purchase of an AI-assisted eye
screening was a mean of €1920.00 (SD= 2001).

The availability of a smartphone used in the practice
(mean= 2.53) and time until the examination result was
available (mean= 2.29) were rated as less important com-
pared to other factors.

Technical Implementation

Table 2 shows factors regarding the technical implementa-
tion of AI-assisted screening for DR in PC. The factors that
were rated to be the most important were the practicability
of the device (mean=1.27), followed by the simplicity of
the installation of the necessary software (mean= 1.34) and
the integrability into the practice information system (mean
=1.44). The possibility of mobile use was assessed to be
the least important factor (mean= 2.81). Also, the need for a
cloud-based system (mean= 2.28) and compatibility with dif-
ferent smartphone systems (mean= 2.06) were rated as less
important compared to other factors.

Table 2. Relevance of technical factors during the implementation of AI-based screening for DR in primary care.

Items* Mean (SD) CI 95% Median (IQR)

Practicability 1.27 (0.63) 1.16–1.33 1 (1; 1)

Simplicity of the installation of the necessary software 1.34 (0.70) 1.23–1.44 1 (1; 1)

Integrability into the practice information system 1.44 (0.78) 1.30–1.52 1 (1; 2)

Disinfection ability 1.48 (0.80) 1.37–1.61 1 (1; 2)

Automatic patient data input into the diagnostic software 1.50 (0.79) 1.37–1.60 1 (1; 2)

Handiness 1.50 (0.80) 1.38–1.61 1 (1; 2)

Automatic detection of image quality 1.65 (0.81) 1.54–1.79 1 (1; 2)

Robustness 1.68 (0.93) 1.54–1.81 1 (1; 2)

Possibility to pass on retinal images to ophthalmologists, for example, via mail 1.73 (0.93) 1.59–1.87 2 (1; 2)

Possibility to detect various retinal pathologies 1.94 (1.03) 1.76–2.06 2 (1; 2)

Compatibility with different smartphone systems (e.g. Android and IOS) 2.06 (1.25) 1.86–2.23 2 (1; 3)

Cloud-based (usable from anywhere) 2.28 (1.32) 2.05–2.43 2 (1; 3)

Possibility of mobile use 2.81 (1.32) 2.57–2.95 3 (3; 4)

AI: artificial intelligence; DR: diabetic retinopathy; SD: standard deviation; CI: confidence interval; IQR: interquartile range.
*Range from 1 (very relevant) to 5 (very irrelevant).
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Perceived perspective of patients

Regarding the perceived perspective of patients, physicians
assessed the validity of the examination (mean= 1.28), the
omission of pupil dilation (mean= 1.51), and the duration
of the examination (mean= 1.52) as very relevant
(Table 3). Factors such as the protection provided by indi-
vidual health services (mean= 2.22) and the integration of
screenings into disease management program controls
(mean= 2.02) were reported as the least relevant of the
given determinants.

Impact of screening

Figure 1 showed the results of the question: “What impact
would the use of an AI-based screening have on you as a
general practitioner?” The top three ranked impacts were
a local extension of care and expertise (143/209),

strengthening of the filter function of PC (109/209), and
being a signifier for modern medical practice (106/209).

Subgroup analysis

Subgroup analysis revealed that the willingness to offer an
AI-supported device in their practice was not gender-related.
A chi²-test showed that whether physicians practiced in rural
or urban areas, it had no statistically significant effect on their
behavior with regard to the intention to use an AI-supported
device in their practice χ²(1)=2.854, p= .091. There was a stat-
istically significant difference in terms of age between the phy-
sicians who were surveyed and their willingness to use
AI-assisted devices in their practice (p= .019), with younger
physicians being more open toward such devices. However,
the year of practice showed no correlation concerning their will-
ingness to use AI-assisted devices in their practice.

Table 3. Relevance of determinants of the implementation of AI-based DR screening in primary care concerning patient welfare.

Items* Mean (SD) CI 95% Median (IQR)

Validity of the examination 1.28 (0.54) 1.20–1.38 1 (1; 2)

Pupil dilation can be omitted 1.51 (0.74) 1.37–1.59 1 (1; 2)

Duration of the examination 1.52 (0.80) 1.39–1.64 1 (1; 2)

Trust in the general practitioner 1.56 (0.79) 1.39–1.62 1 (1; 2)

Routine of the examiner in the handling of the device 1.56 (0.83) 1.41–1.64 1 (1; 2)

Waiting time for an appointment at the ophthalmologist’s 1.58 (0.96) 1.37–1.65 1 (1; 2)

Trust in the medical assistant 1.64 (0.88) 1.46–1.71 1 (1; 2)

Data security 1.77 (1.00) 1.63–1.95 1 (1; 2)

Trust in the ophthalmologist 1.82 (0.93) 1.68–1.96 2 (1; 2)

Level of mobility of the patients (e.g. dependence on support from relatives) 1.93 (0.88) 1.78–2.04 2 (1; 2)

Distance to the nearest ophthalmologist 1.94 (1.09) 1.74–2.07 2 (2; 3)

Waiting time at the ophthalmologist’s 1.98 (1.15) 1.81–2.16 1 (1; 2)

Time until result 1.99 (1.03) 1.85–2.17 2 (1; 3)

Integration of screening in DMP controls 2.02 (1.10) 1.77–2.10 2 (1; 3)

Protection from individual health services (IGeL) 2.22 (1.20) 2.05–2.42 2 (1; 3)

Affinity toward device-based diagnostics 2.51 (1.06) 2.38–2.71 3 (2; 3)

Attitude toward artificial intelligence 2.85 (1.17) 2.67–3.03 3 (2; 4)

AI: artificial intelligence; DR: diabetic retinopathy; SD: standard deviation; CI: confidence interval; IQR: interquartile range; DMP: disease management
program.
*Range from 1 (very relevant) to 5 (very irrelevant).
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There was no significant difference observed in the physi-
cians’ assessment of the need for screening for DR in PC with
regards to the distance to the ophthalmologist, with a similar
judgment on the need for such a screening across physicians
who were close to or far away from the nearest ophthalmologist.

There was also no statistically significant correlation
between distance to the ophthalmology practice and GPs’
perception that they could reach more patients in the PC
practice with AI-assisted screening, with physicians both
close to and distant from an ophthalmologist judging that
they could reach more patients with such an exam.

The general attitude of the surveyed GPs toward applications
withAI inmedicinewas assessedwith amean value of 2.92 (SD
=1.32). Pearson’s correlation analysis showed a significant
linear relationship between the general attitude toward AI appli-
cations in medicine and the assessment of the need for early
detection of DR in GP practice (r=0.21, p< .003).

Discussion
This study examines factors and their interactions that influ-
ence the implementation of AI-supported DR screenings in
PC. According to the criteria of the database of the
Association of Statutory Health Insurance Physicians, the
sample of GPs in the present study is very close to the socio-
demographic structure. The average age in our sample is 54
years, while the national average of GPs is 55 years. The pro-
portion of female participants is 51%, and 49% in the general
population of GPs. The participation rate of male GPs is 49%
and 51% in the population.23 The response rate of 10% was
low, which could be due to a lack of interest in the topic
because it is too abstract or in research in general, or a lack
of time and a high number of surveys that GPs are confronted
with on a regular basis.24,25

The results of the survey show the important barriers and
enablers for a successful implementation amongst German

GPs: financial factors are the biggest existing barriers to
implementation. Technical concerns encompass the practic-
ability of the device and its integration into the practice
system, while mobile use and obtaining the results
quickly are of lesser importance. Positive aspects of the
implementation of AI-based technologies in PC include a
possible extension of their patient pool, and reaching add-
itional patients with a screening for DR.

The practitioners are particularly concerned about the costs
of implementing and maintaining the devices and about the
reimbursements from healthcare providers. This finding is in
line with other findings from the literature regarding the intro-
duction of AI in health care.26,27 Reimbursement strategies are
a matter of an ongoing discussion.28 Abràmoff et al. point out
that financial incentives for the implementation and mainten-
ance of AI systems are a requirement for their sustainable
use in healthcare.28 However, despite high expenditures, espe-
cially in the beginning, there is evidence that examples of
automated or semi-automated screenings for DR yield the
potential to be cost-effective in the long term from the perspec-
tive of the health care system.29

The respondents have an ambivalent attitude toward
AI-based technology. However, according to our study,
they do not see themselves as limited or disempowered in
their role as physicians by the use of AI, but rather recog-
nize and want to take advantage of the positive opportun-
ities such a technology may offer. This is in line with a
previous survey where GPs indicated that the importance
of technical innovations for their practice has the potential
to reduce administrative tasks and increase the efficiency
overall.15 In this study, high practicability and easy integra-
tion into the practice system are ranked as the most relevant
technical factors during implementation. Another factor
that is given comparatively high relevance by the GPs is
that the use of AI is believed to give a modern impression
and an image boost for the practice. Therefore, it can be

Figure 1. Impact of AI-based screening for DR in primary care on the profession of GPs.
AI: artificial intelligence; DR: diabetic retinopathy; GP: general practitioner.
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concluded that GPs think that patients would have a posi-
tive attitude toward AI-based screening technology.

The availability of a workplace smartphone is rated as
the least relevant factor, in addition to the time until the
examination result is available, while the costs of purchas-
ing and the level of remuneration are assessed to play a
greater role. It is possible that factors concerning data secur-
ity in association with the use of a smartphone do not worry
the participating doctors as much as the other proposed
factors and as such, a workplace smartphone is considered
to be unnecessary. Furthermore, if the examination is con-
ducted in the practice of a specialist, the GPs typically
must wait until they receive the examination results from
the ophthalmologist anyway. That can be the reason why
this aspect is rated to be less important. The motivation to
delegate the activities of physicians to non-physician staff
was previously reported as relevant by GPs. The findings
agree with studies where it was found that almost half of the
surveyed family physicians, who have many years of profes-
sional experience, expressed a positive attitude toward such
delegation. Legal aspects can lead to uncertainties regarding
task delegation in PC. However, there is a high level of dele-
gated tasks, mainly concerning largely standardized proce-
dures.30 The development opportunities for practice staff,
which have been rather limited in the past, can also be
upgraded with a shift in tasks. Teams that are composed of dif-
ferent disciplines, and also work on an interdisciplinary basis,
will be integral to PC. This is the only way to manage the
growing demands placed on PC physicians by the healthcare
system. Shifting tasks, on the other hand, can result in
increased job satisfaction on the part of the physicians, but
also on the part of the employees.30

AI-assisted screening tools bear the potential to make diag-
nostic strategies for detecting DR more efficient by shifting
them to the PC physician’s office.32–34 Conducting the exam-
ination directly at the GPs office allows for a timely and local
appointment without the waiting periods to see a specialist and
the time required to transfer the results back to the GP. This is
of particular benefit to patients who live far away and may
have limited access to an ophthalmologist.

However, in our study, we observe no difference in the
behavior of PC physicians regardless of whether they practice
in rural or urban areas. This is also reflected in their response
behavior regarding the distance to the nearest ophthalmologist.
Half of the respondents report that an ophthalmologist can be
reached within ten minutes by car, which underlines the very
good healthcare situation and infrastructure in Germany.

At 4.5 physicians per 1000 inhabitants, Germany’s physician
density is above average by international standards.35 In an
Organisation for Economic Cooperation and Development com-
parison, the physician density in Canada, for example, is 2.7 phy-
sicians per 1000 inhabitants.36 In areas with limited access to
medical care, the need for AI-based applicationsmight be higher.

The interpretation of the results obtained by AI is always
controversial with regard to their applicability in medicine.

On one hand, AI-based technology allows for a reliable, con-
tinuous assessment of patient data using a system that is less
prone to errors compared to a personal evaluation by an indi-
vidual doctor. Moreover, each practitioner faces a certain time
limit for each appointment due to large patient volumes per
day, and a fast data assessment using AI-based tools can sig-
nificantly alleviate time and performance pressure. On the
other hand, the intelligence of a deep-learning system is
only partial, as it only diagnoses what it has been trained to
diagnose. A physician, on the other hand, has a comprehensive
perspective that takes the individual characteristics of the
patient as a whole into account. This can be reflected by the
reported fear of physicians overlooking other eye diseases
besides DR in the present study. The financial aspects must
also be considered in the large-scale implementation of
digital screening tools, as many GPs practices are small and
may not have the financial means to obtain new technology
without any reimbursement.

Limitations
The response rate of 10% is quite low and limits the applicabil-
ity of the results in daily practice. A reason for this response
rate could be the fact that the survey was initially distributed
via a QR code and only the reminder was distributed in
paper form, resulting in a much better response. GPs appear
to prefer surveys in paper form, and future studies should
take this into account. The low response rate raises concerns
about the potential for non-response bias. The lack of informa-
tion on the characteristics of non-responders prevents us from
directly comparing them with the responders, and this might
influence the generalizability of our findings. Therefore, the
results should be interpreted with caution. Future research
could explore strategies to reduce non-response bias, such as
offering targeted incentives or employing alternative data col-
lection methods to encourage participation. Gathering infor-
mation on reasons for non-participation through a short
questionnaire could also be beneficial in understanding and
mitigating non-response bias.

The participation of GPs in this study was voluntary, and
therefore a potential selection bias is likely. Moreover, the
topic of AI-based devices may be of particular interest to
digital-affine physicians and it is likely that the sample is
not representative of all PC physicians.

Most of the participants are inexperienced with AI in
their daily life, and the term “AI” was intentionally not
defined any further in the questionnaire in order to avoid
any bias. Therefore, it is possible that the participants had
different and varying ideas of the term “AI” and what it
means in their understanding.

The viewpoints of patients and GPs in terms of potential
eHealth services may differ. In this study, only the profes-
sional view of physicians is considered. Since the patient
perspective is very important to include, further studies
that examine this aspect are necessary.

Wewetzer et al. 7



A further limitation of our study is the use of a non-
validated questionnaire. Although we conducted a pilot
test to assess its comprehensibility and face validity, the
absence of a validated tool might have affected the reliabil-
ity and validity of our findings. Moreover, no clear state-
ments in the literature are available concerning the
statistical analysis of surveys using Likert scales.31,37 We
handled the Likert scales as an interval which could impli-
cate a potential selection bias. Finally, causal associations
cannot be made based on these results due to the cross-
sectional nature of this study.

Conclusion
This study is the first to weigh in on the requirements for
AI-assisted screening methods from the perspective of PC
physicians in Germany. While AI-based devices for DR
screening are not yet established in Germany, GPs are ambiva-
lent toward such devices and may not implement them due to
several existing barriers. The most relevant barrier to imple-
mentation, according to the GPs in this study, is financial con-
cerns associated with the purchase, implementation, and
maintenance of the device. With the consideration of the iden-
tified factors, interventions adapted to the needs of physicians
and patients can be developed.

Acknowledgements: We thank all participants.

Contributorship: WL and JS designed the study, WL, JS, and KG
analyzed the data, KG performed the statistical analysis, and WL
wrote the first draft of the manuscript. All authors contributed
substantially to the manuscript. All authors approved the final
manuscript.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: The ethics application for this study was
approved by the University of Luebeck on 5 May 2020. No
additional data were evaluated. The study design and procedures
were reviewed and approved by the ethics committee.

Funding: The authors declared the following potential conflicts of
interest with respect to the research, authorship, and/or publication
of this article: This work was supported by grants from the
Joachim Herz Foundation.

Guarantor: WL and JS.

Informed consent: In this study, no patients were involved; only
GPs were surveyed. Implicit consent was assumed with the return
of the completed questionnaire, as approved by the ethics
committee. Participants were informed of this in the cover letter,

where the study’s purpose and procedures were explained, along
with the voluntary nature of their participation and the
confidentiality of their responses.

ORCID iD: Larisa Wewetzer https://orcid.org/0000-0003-2847-3873

Supplemental material: Supplemental material for this article is
available online.

References
1. Forouhi NG and Wareham NJ. Epidemiology of diabetes.

Medicine (Abingdon) 2014; 42: 698–702.
2. Wang W and Lo ACY. Diabetic retinopathy: Pathophysiology

and treatments. Int J Mol Sci 2018; 19: 1816.
3. Abcouwer SF and Gardner TW. Diabetic retinopathy: Loss of

neuroretinal adaptation to the diabetic metabolic environment.
Ann N Y Acad Sci 2014; 1311: 174–190.

4. Nian S, Lo ACY, Mi Y, et al. Neurovascular unit in diabetic
retinopathy: Pathophysiological roles and potential therapeu-
tical targets. Eye Vis 2021; 8: 15.

5. Voigt M, Schmidt S, Lehmann T, et al. Prevalence and pro-
gression rate of diabetic retinopathy in type 2 diabetes patients
in correlation with the duration of diabetes. Exp Clin
Endocrinol Diabetes 2018; 126: 570–576.

6. Cummings DM, Morrissey S, Barondes MJ, et al. Screening
for diabetic retinopathy in rural areas: The potential of tele-
medicine. J Rural Health 2001; 17: 25–31.

7. Padhy SK, Takkar B, Chawla R, et al. Artificial intelligence in
diabetic retinopathy: A natural step to the future. Indian J
Ophthalmol 2019; 67: 1004–1009.

8. Yang Z, Silcox C, Sendak M, et al. Advancing primary care
with artificial intelligence and machine learning. Healthcare
2022; 10: 100594.

9. Versluis A, van Luenen S, Meijer E, et al. SERIES: eHealth in
primary care. Part 4: Addressing the challenges of implemen-
tation. Eur J Gen Pract 2020; 26: 140–145.

10. Lin SY, Mahoney MR and Sinsky CA. Ten ways artificial
intelligence will transform primary care. J Gen Intern Med
2019; 34: 1626–1630.

11. Kueper JK, Terry A, Bahniwal R, et al. Connecting artificial
intelligence and primary care challenges: Findings from a
multi stakeholder collaborative consultation. BMJ Health
Care Inform 2022; 29: e100493.

12. Liyanage H, Liaw ST, Jonnagaddala J, et al. Artificial intelli-
gence in primary health care: Perceptions, issues, and chal-
lenges. Yearb Med Inform 2019; 28: 41–46.

13. Terry AL, Kueper JK, Beleno R, et al. Is primary health care
ready for artificial intelligence? What do primary health care
stakeholders say? BMC Med Inform Decis Mak 2022; 22: 37.

14. Buck C, Doctor E, Hennrich J, et al. General Practitioners’
attitudes toward artificial intelligence-enabled systems:
Interview study. J Med Internet Res 2022; 24: e28916.

15. Blease C, Kaptchuk TJ, Bernstein MH, et al. Artificial intelligence
and the future of primary care: Exploratory qualitative study of UK
general practitioners’ views. J Med Internet Res 2019; 21: e12802.

16. Shortliffe EH. Strategic action in health information technol-
ogy: Why the obvious has taken so long. Health Aff
(Millwood) 2005; 24: 1222–1233.

8 DIGITAL HEALTH

https://orcid.org/0000-0003-2847-3873
https://orcid.org/0000-0003-2847-3873


17. Waschkau A, Uebel T and Steinhäuser J. Diabetestherapie 2.0
– telemedizin. Internist 2019; 60: 917–924.

18. Wensing M. Implementation science in healthcare:
Introduction and perspective. Z Evid Fortbild Qual
Gesundhwes 2015; 109: 97–102.

19. Schreiweis B, PobiruchinM, StrotbaumV, et al. Barriers and facil-
itators to the implementation of eHealth services: Systematic litera-
ture analysis. J Med Internet Res 2019; 21: e14197.

20. Nohl-Deryk P, Brinkmann JK, Gerlach FM, et al. Barriers to
digitalisation of healthcare in Germany: A survey of experts.
Gesundheitswesen 2018; 80: 939–945.

21. Vandenbroucke JP, von Elm E, Altman DG, et al.
Strengthening the reporting of observational studies in epi-
demiology (STROBE): Explanation and elaboration. Int J
Surg 2014; 12: 1500–1524.

22. Held LA, Wewetzer L and Steinhäuser J. Determinants of the
implementation of an artificial intelligence-supported device
for the screening of diabetic retinopathy in primary care - a
qualitative study. Health Informatics J 2022; 28:
14604582221112816.

23. KBV. Database of the Association of Statutory Health
Insurance Physicians, http://gesundheitsdaten.kbv.de/cms/
html/16392.php (accessed 22 July 2022).

24. Sahin D, Yaffe MJ, Sussman T, et al. A mixed studies litera-
ture review of family physicians’ participation in research.
Fam Med 2014; 46: 503–514.

25. PentzekM, Baumgart V and Hegerath F-M. Survey participation
among general practitioners: Comparison between teaching phy-
sicians and a random sample. BMC Res Notes 2022; 15: 9.

26. He J, Baxter SL, Xu J, et al. The practical implementation of arti-
ficial intelligence technologies in medicine. Nat Med 2019; 25:
30–36.

27. Weinert L, Müller J, Svensson L, et al. Perspective of infor-
mation technology decision makers on factors influencing
adoption and implementation of artificial intelligence tech-
nologies in 40 German hospitals: Descriptive analysis. JMIR
Med Inform 2022; 10: e34678.

28. Abràmoff MD, Roehrenbeck C, Trujillo S, et al. A reimburse-
ment framework for artificial intelligence in healthcare. npj
Digital Medicine 2022; 5: 72.

29. Xie Y, Nguyen QD, Hamzah H, et al. Artificial intelligence
for teleophthalmology-based diabetic retinopathy screening
in a national programme: An economic analysis modelling
study. The Lancet Digital Health 2020; 2: e240–e249.

30. Goetz K, Kornitzky A, Mahnkopf J, et al. At the dawn of dele-
gation? Experiences and attitudes of general practitioners in
Germany - A questionnaire survey. BMC Fam Pract 2017;
18. doi:10.1186/s12875-017-0697-y.

31. Norman G. Likert Scales, levels of measurement and the
“laws” of statistics. Adv Health Sci Educ Theory Pract
2010; 15: 625–632.

32. Hanson C, Tennant MTS and Rudnisky CJ. Optometric refer-
rals to retina specialists: Evaluation and triage via teleophthal-
mology. Telemed e-Health 2008; 14: 441–445.

33. Olson JA, Strachan FM, Hipwell JH, et al. A comparative
evaluation of digital imaging, retinal photography and optom-
etrist examination in screening for diabetic retinopathy.
Diabetic Med 2003; 20: 528–534.

34. Rani PK, Peguda HK, Chandrashekher M, et al. Capacity
building for diabetic retinopathy screening by optometrists
in India: Model description and pilot results. Indian J
Ophthalmol 2021; 69: 655–659.

35. Scheidt LRS, Joos S, Szecsenyi J, et al. Überversorgt?
Unterversorgt? – die Sicht von Bürgermeistern in
Baden-Württemberg: Ein Beitrag zur Diskussion um die wohnort-
nahe medizinische Versorgung. Oversupplied? Undersupplied? –
The perspective of local governments of the federal state of
Baden-Württemberg: A contribution to the discussion of
close-to-home health care.Gesundheitswesen 2015; 77: e179–e183.

36. DESTATIS. Physician density in 2020: 4.5 physicians per
1,000 people in Germany, https://www.destatis.de/EN/Press/
2021/06/PE21_304_23526.html

37. Carifio J and Perla R. Resolving the 50-year debate around using
and misusing Likert scales. Med Educ 2008; 42: 1150–1152.

Wewetzer et al. 9

http://gesundheitsdaten.kbv.de/cms/html/16392.php
http://gesundheitsdaten.kbv.de/cms/html/16392.php
http://gesundheitsdaten.kbv.de/cms/html/16392.php
https://doi.org/10.1186/s12875-017-0697-y
https://doi.org/10.1186/s12875-017-0697-y
https://doi.org/10.1186/s12875-017-0697-y
https://doi.org/10.1186/s12875-017-0697-y
https://www.destatis.de/EN/Press/2021/06/PE21_304_23526.html
https://www.destatis.de/EN/Press/2021/06/PE21_304_23526.html
https://www.destatis.de/EN/Press/2021/06/PE21_304_23526.html

	 Background
	 Methodology
	 Questionnaire
	 Recruitment
	 Statistical analysis

	 Results
	 Sociodemographic data
	 Digital solutions for PC practice
	 Technical Implementation
	 Perceived perspective of patients
	 Impact of screening
	 Subgroup analysis

	 Discussion
	 Limitations
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


