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Abstract

General practice/family medicine is a primary healthcare discipline that focuses on providing
comprehensive, patient-centered care to individuals and families across their lifespan. This study aimed to
assess the implementation of artificial intelligence (AI) in general practice/family medicine regarding the 12
characteristics of its discipline as described in the recently revised European Definition of General
Practice/Family Medicine. Al has the potential to revolutionize family medicine practice by improving the
accuracy, efficiency, and effectiveness of various clinical tasks. From diagnostic decision-making to chronic
condition management and clinical workflow optimization, Al-powered tools offer a range of benefits for
patients and clinicians. However, appropriate education and training of the primary healthcare providers are
deemed necessary to maximize benefits and minimize potential pitfalls. To ensure efficient and safe
integration of Al in medical practice, important implications regarding privacy, malpractice, bias,
autonomy, and overtreatment should also be addressed. Al application should be treated as a practical,
assistive tool for the clinician, that can hardly take over decision-making and cannot replace the doctor-
patient relationship.
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Introduction And Background

Artificial intelligence (Al) is a group of computing techniques used to develop computer systems that can
process information, carry out tasks (decision-making, problem-solving, learning), and react in a human-
like manner [1,2]. Since Alan Turing came up with the idea of thinking machines, all efforts have been made
toward developing machine learning tools that can resemble human cognitive functions and be used in
several fields including healthcare. In this direction, Al has emerged as a promising tool for enhancing the
delivery of healthcare services, including primary healthcare. More specifically, Al can be applied in several
terms of healthcare such as administrative applications, virtual patient care, medical and imaging
diagnostics, medical research and drug delivery, patient engagement and compliance, and rehabilitation [3].

General practice/family medicine is a primary healthcare discipline focusing on providing comprehensive,
person-centered care to individuals and families across their lifespans [4]. The field is characterized by its
holistic approach to healthcare, which involves understanding and addressing the social, psychological, and
environmental factors that can influence health outcomes. Besides, in most countries, general
practitioners/family doctors are the first to see the patient. They are expected to diagnose patients early and
precisely while minimizing the cost of healthcare by avoiding excessive testing and/or specialist referral.

In general, Al and medical care display a two-way relationship as each partner needs the other one to evolve
[5,6]. For this reason, a match between Al effect and clinical needs should be guaranteed as AI has the
potential to change medical care by improving the accuracy, efficiency, and effectiveness of various clinical
tasks such as diagnosis, treatment, and monitoring of chronic conditions. Routine task completion, decision
support, patient education and empowerment, as well as the analysis of practice data and existing evidence,
are some of the fields that Al applications could help [7]. Nevertheless, some ethical, medical, legal, and
social implications of Al use in primary healthcare are raised [7].

In this study, the implementation of Al in general practice/family medicine was assessed regarding the 12
characteristics of its discipline as described in the recently published European Definition of General
Practice/Family Medicine (WONCA Europe) in 2023 [4].

Review
The first approach

In most countries, general practitioners/family doctors are normally the first medical doctors to see an
individual who deals with a health problem and approach the healthcare system “regardless of the age, sex,
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or any other characteristic of the person concerned” [4]. Al has the potential to revolutionize family
medicine practice by improving the accuracy, efficiency, and effectiveness of various clinical tasks.
Additionally, the integration of machine learning tools in clinical practice can theoretically decrease the
pressure on the medical system by triaging patients and informing them if they must seek help in an
emergency manner [8]. For example, originally chatterbot, a software application or web interface aiming to
imitate human conversation through text or voice interactions, can be used to triage patient requests and
schedule appointments, reducing the workload on front-line staff, and freeing up time for clinicians to focus
on more complex cases. In contrast, patients’ records are sensitive and confidential; thus, data accessibility
is a composite problem [3,9]. Potential bias in Al systems has also been described regarding health equity
[10-12]. In contrast, Alami et al. proposed that Al can potentially help in the reduction of health inequalities,
especially in low- and middle-income countries, and can ensure access to high-quality and affordable health
care for all [13]. Regardless of the successful performance of machine learning tools in medical practice, the
aforementioned concerns, especially in under-trained practitioners, overshadow the acceptance and
integration of Al in primary health care [14]. In 2018, Blease et al. conducted a qualitative survey of general
practitioners in the United Kingdom and concluded that clinicians showed optimism but skepticism as well
on the idea of replacing humans with Al in health care in certain tasks [15].

Coordinating care and working with other professionals

General practitioners/family doctors should ensure “efficient use of health care resources through co-
ordinating care, working with other professionals in the primary care setting, and by managing the interface
with other specialties taking an advocacy role for the patient when needed...” [4]. In this direction, primary
health care providers rely basically on patient’s history and clinical examination as they have limited
immediate access to laboratory tests or imaging diagnostics. However, referrals should be appropriate, and
testing should be decreased to the necessary so that the cost is minimized. The development and use of
accurate machine learning classifiers and clinical prediction models could be of great assistance in primary
healthcare. Ellertsson et al. developed such a machine learning classifier and evaluated its accuracy on
primary headache diagnoses in primary health care [16]. The classifier outperformed the general
practitioners on all metrics studied (sensitivity, positive predictive value, Matthews correlation coefficient,
Sharpley additive explanations values, receiver operating characteristic [ROC] curve, and area under the ROC
curve) except for specificity. Besides, a key challenge remains to develop machine learning tools that align
with people’s interests. Another challenge is the need for effective communication and collaboration
between clinicians and machine learning tools [17]. Technicians should use and establish a larger, more
comprehensive database to maximize accuracy, thus increasing the trust of health workers and patients in
Al [8]. However, human functions such as teamwork and team management are difficult to achieve since
machines cannot form bonds with humans [2,3].

Person-centered approach

General practice/family medicine approaches first the individual and second the illness in everyone. In other
words, it “develops a person-centered approach”; considers the beliefs, fears, expectations, and needs of the
individual; and is “orientated to the individual, his/her family, and their community” [4]. In contrast, Al
technology focuses on the diagnosis of a disease usually irrespective of the social and psychological
characteristics of the patient [18,19]. Although it seems easy to teach and train a machine on the predictive
values of various symptoms, it is even impossible to develop a system that can treat humans with empathy,
care, and compassion, while considering their personal characteristics (cultural, psychological, etc.) [9,18].
Without a patient-centered orientation as well as practitioners’ focus on value and personal relationships,
the use of Al can cause more harm rather than benefit to the community [5]. Therefore, Al applications
should assess and adapt to patients’ and doctors’ preferences.

Patient empowerment

Family medicine plays a strategic role in promoting patient empowerment [4]. Nonetheless, in the last decade,
medical knowledge and clinical expertise seem to slip the doctor’s office. Patients can review on the internet
or most recently developed machine learning tools like ChatGPT [2,5,20]. However, improving health literacy
and providing patients with knowledge and skills to interpret the information found in the network are
deemed necessary [12,20]. Patient empowerment and self-management contribute to achieving the goals set
during treatment and ameliorating patient’s quality of life, especially when dealing with chronic diseases.
However, to ensure these, continuous patient education is needed based on both strong therapeutic
relationships and a person-centered approach [12].

Overtime relationship and effective communication

All medical doctors should communicate effectively with their patients. Especially in the case of general
practice/family medicine, a long-standing relationship is being established over time and mostly throughout
the whole of their life. Each visit and each contact are a part of “an evolving story” [4]. Clinician’s
communication skills are of great value in the establishment of the therapeutic, doctor-patient relationship
[11]. However, when it comes to the use of Al in medical practice and especially in primary health care, we
should not forget that computers are practitioners’ partners and not opponents [5,21]. In other words, in
family medicine, personal relationships have always been, are, and will always be of great importance in the
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establishment of the therapeutic relationship [5,9]. Patients trust their general practitioner, and they accept
to share health data with their doctor. In the study of Mikkelsen et al., patients showed a positive attitude
toward Al applications with the guarantee that their implementation would be done in a way that preserves
the therapeutic relationship and would be used to help primary health doctors [22]. Although machine
learning tools can be used to replace less complex but time and labor-consuming tasks in everyday clinical
practice, there is always the possibility they may compromise the development of a successful doctor-
patient relationship if used hugely [8,21,23]. It is the touch, the expressions, the smile, and the emotions
that form part of effective communication and these cannot be provided by Al

Longitudinal continuity of care

Primary health care is and must be constant and continuing “from birth (and sometimes before) until death
(and sometimes afterward)” [4]. In most countries, primary health care is the largest healthcare delivery
platform whilst on the other hand, the volume of information that family doctors manage will continuously
grow probably in the cost of the available time for patient care. The wide use of electronic medical record
systems over the last decades has helped medical doctors handle the great volume of information and can
surely provide Al applications with big data. However, assessing the impact of AI applications on continuity
and coordination of care may be difficult [23]. All the information gained over the years is gathered and
presented in the medical record. Al-powered tools can help clinicians track patient data over time and
provide personalized treatment based on the patient's unique health profile. This can help patients achieve
better outcomes and reduce the risk of complications associated with their conditions. More specifically,
Digital Twins (DTs) are dynamic, virtual representations of physical systems, and/or processes that are
dynamically updated with real-time data from their physical equivalents. These models integrate sensor
data, and machine learning to simulate, monitor, and foretell the behavior of the physical entity they
represent [24].

Decision-making process

Diagnosis is a decision-making process that is influenced not only by the symptoms, signs, and laboratory
tests that a patient exhibits but it also has to do with the characteristics of the patient, the community, and
the place he lives in. The prevalence and incidence of an illness varies according to the community and the
place where medical care is provided. For instance, serious disease presents less frequently in primary health
care than in the hospital [4]. To successfully diagnose an illness, general practitioners/family doctors should
use a specific probability decision-making process enriched by the knowledge of patients and the community
[16]. Unfortunately, training datasets for Al applications are not always representative of specific
populations although neural networks can continuously learn and adapt to a particular patient population

or individual treatment preferences [23,25-28]. In other words, machine learning algorithms can be trained
to analyze patient data and identify patterns that can help clinicians make more accurate diagnoses. This
can be useful when a patient presents with a complex set of symptoms that can be difficult to diagnose based
on clinical intuition alone. However, the ethical matter of who is responsible for possible diagnostic errors
that may occur during the use of an Al tool has to be addressed [8]. Clinicians need to understand how Al
algorithms work and what their limitations are to ensure they can interpret and act on the recommendations
provided by these tools appropriately. Similarly, machine learning tools need to be designed to be
transparent and interpretable so that clinicians can trust their output and use it to confirm their clinical
decision-making [6,7,17,19].

Acute and chronic health problems

Many times, patients approach the healthcare system with more than one complaint and/or more than one
illness [4]. The number of complaints or illnesses increases with age and general practitioners/family doctors
should set priorities while considering patient’s wishes and needs. In other words, family medicine
“manages simultaneously both acute and chronic health problems of individual patients” [4]. Al can be
useful in family medicine practice in the management of chronic conditions, such as diabetes, hypertension,
and heart disease. Al decision support systems may assist clinicians in making more informed treatment
decisions by providing access to the most current evidence-based guidelines and best practices. However, it's
interesting to question who bears the responsibility for potential diagnostic errors when an Al tool is
involved in diagnosing a patient [8,29]. While a physician misdiagnosis may affect a single patient, an error
by an Al tool could have far-reaching consequences, impacting thousands of patients. Therefore, serious
concerns regarding privacy, malpractice, and overtreatment should be addressed before the safe and
effective integration of machine learning tools into clinical practice. In addition, the assurance of an
unbiased Al system is crucial. Identifying and mitigating bias in unsupervised algorithms must be a priority
in all Al uses [23]. Moreover, the business model behind AI systems and the black box nature of the
incorporated algorithms may contribute to a lack of trust among healthcare practitioners.

Diagnosis at an early stage

Family physicians/general practitioners manage “illness which presents in an undifferentiated way at an
early stage in its development, which may require urgent intervention” [4]. As the patient usually presents to
the family practice at the onset of symptoms, important decisions should be taken based on limited
information [4]. Early signs of a disease are usually nonspecific and can be found in several diseases. In this
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case, a top priority is to exclude any serious outcome and let the time pass and review later when clinical
signs develop further. Toward this direction, efficient and safe risk management is of great value. Some of
the most significant benefits of Al integration in medical practice are the efficacy, accuracy, and precision of
the diagnosis [18]. In addition, machine learning tools ensure better monitoring and save money[18].
However, one of the main challenges to be addressed is the need for robust data infrastructure and
interoperability standards to ensure that AI algorithms can access and analyze patient data from a variety of
sources. This requires significant investment in healthcare information technology (IT) systems and data
governance processes. Despite methodological and computational advances in Al over the last few years, few
of them can be translated into routine clinical practice as they may lead to unnecessary treatment against
evidence-based guidelines [23].

Promoting the health and well-being of patients and ecosystems

Early interventions should be appropriate and effective; otherwise, they may cause harm or increase costs
[4]. Predictive modeling is, by far, the most common use of Al in general practice/family medicine [2]. For
example, Al has been used for the detection of high-risk patients with cardiovascular disease. Additionally,
the main aspects of primary care practice, including disease prevention and health promotion, can be
enhanced by the implementation of machine learning tools. In their scoping review, Willis et al.
demonstrated meaningful improvement in both clinical and nonclinical outcomes using preventive digital
health interventions [30].

Responsible for the health of the community and environment

General practitioners/family doctors take care of both the individual patient and the community overall.
Expert systems, natural language processing, and machine learning seem to be the most used in community-
based primary health care [31]. However, the implementation of machine learning tools in community-based
primary healthcare is complicated by the variability of patients’ data, age, cognitive abilities, etc. [31].
Additionally, in the recently published edition of the European Definition of General Practice/Family
Medicine, the One Health concept of the World Health Organization was integrated [4]. Optimizing people’s
health should balance with the health of the animals and the environment.

Physical, psychological, social, cultural, and existential dimensions

In clinical practice, otherwise, successful therapeutic interventions can prove unsuccessful in a certain
patient as they were probably designed without considering specific characteristics of the patient (social,
psychological, cultural, etc.). Reading the emotions and body language of each patient provides practitioners
with significant information regarding the patient’s needs and attitude and plays an important role in the
individualization of the therapeutic plan and the success of patient care. In the scoping review by Rahimi et
al., the authors aimed to evaluate the published literature that has tested or implemented Al to facilitate
shared decision-making [32]. Six peer-reviewed publications were included in the study, three of them
focused on primary care. The authors observed a lack of attention to patients’ values and preferences.
Although participatory co-design and iterative implementation have been proposed to overcome such
barriers, the lack of human touch, empathy, and emotional intelligence may hamper the benefits of Al
applications in medical care [7,19].

Conclusions

All 12 general practice/family medicine characteristics, ranging from diagnostic decision-making to chronic
condition management and clinical workflow optimization, are expected to be positively affected by Al-
powered tools as they offer a range of benefits for both patients and clinicians. However, appropriate medical
education and training of primary healthcare providers are deemed necessary to maximize benefits and
minimize potential harm. The participation of the final user (i.e., medical doctor, nurse practitioner, etc.) in
machine learning tools” design will surely help in the uneventful integration of novel technology in medical
practice. Additionally, specific guidelines along with specific legislation protecting healthcare practitioners
when using Al tools are needed to secure certain issues such as the liability for black box approaches of Al or
the liability of the clinician. In conclusion, to ensure efficient and safe integration of AI in medical practice,
important implications regarding privacy, malpractice, bias, autonomy, and overtreatment should be
assessed in more detailed research where the opportunities of Al tools will be studied and tailored to the
needs of primary healthcare practice.
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