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The paper reviews the entire spectrum of Artificial Intelligence (AI) in mental health and its positive role in mental health. AI has a huge number of promises to offer mental health care and this paper looks at multiple facets of the same. The paper first defines AI and its scope in the area of mental health. It then looks at various facets of AI like machine learning, supervised machine learning and unsupervised machine learning and other facets of AI. The role of AI in various psychiatric disorders like neurodegenerative disorders, intellectual disability and seizures are discussed along with the role of AI in awareness, diagnosis and intervention in mental health disorders. The role of AI in positive emotional regulation and its impact in schizophrenia, autism spectrum disorders and mood disorders is also highlighted. The article also discusses the limitations of AI based approaches and the need for AI based approaches in mental health to be culturally aware, with structured flexible algorithms and an awareness of biases that can arise in AI. The ethical issues that may arise with the use of AI in mental health are also visited.
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Introduction

“What is AI?” This has been a popular question since the inception of AI or Artificial Intelligence as a discipline in the 1950s (1). There are many proposed definitions of AI, however, most of them are aligned around the concept of machines capable of human behaviors or creating computer programs (2). The founding father of this discipline, John McCarthy (3) described this process as “that of making a machine behave in ways that would be called intelligent if a human were so behaving.” The goal of AI, according to him, was to develop machines that behave as though they were intelligent.

Over the last couple decades, AI has evolved-from playing with toy problems like chess, to acquiring new skills and seeking to discover its own limits. After 60 years, AI has made its way into industries and the consciousness of people (4). It is only now in the 21st century that this discipline has transformed every aspect of our life in such a significant way, that it is referred to as the “Age of AI” (5).

Unlike computer science, AI has evolved with a more fluid definition, owing to the different conceptions of intelligence. It was conceived as a computer system that is similar to the human mind in numerous ways (6). AI is an umbrella term that encompasses a wide range of approaches and techniques to develop computational systems which perform cognitive processes and tasks that are characteristic to humans. Examples of such processes and tasks include learning, reasoning, problem solving, drawing inferences and generalization (2).


Background, history and evolution of AI

The history of AI dates back to the 1950s, a time marked by the initial development of machines with the acumen for human-like decision making and reasoning. This period witnessed significant landmarks, notably the introduction of Unimate in 1961, an industrial robot arm, as well as the creation of Eliza in 1964, a communication-based chatterbot. These headways worked towards laying the bedrock for future strides in robotics and AI. However, in spite of progress in the engineering field during this time, the medical field was slow to adopt AI (7).

Modern concept of AI emerged in the mid-20th century, when Alan Turing, a scholar in this field laid down the theoretical groundwork for AI. This was achieved through his pioneering work on the “Turing Test” and his concepts of universal computing machines (8). The term AI was first coined by John McCarthy in 1956 as “the science and engineering of making intelligent machines,” marking the establishment of the field as a distinct discipline (9).

The progress of AI can be characterized by a number of critical milestones. The Darthmouth Workshop in 1956, which is often considered to be the birthplace of AI, brought together like-minded researchers to explore the possibilities of developing machines mimicking human intelligence. The next couple of decades witnessed some more breakthroughs in this area of research, with systems to manipulate symbols and follow logical rules being designed (10).

In the 1980s, we saw a rise in expert systems, which aimed at capturing human expertise in specific domains using rule-based systems (11). Limitations in dealing with the uncertainty and complexity of real-world situations however, lead to the AI winter. This was a period of dampened enthusiasm and reduced funding in the field of AI which lasted from the 1980s to early 1990s (12).

The resurgence of AI in the late 20th century can be attributed to the advancements in machine learning, like the ability of neural networks to model complex patterns. With the field of machine learning gaining momentum and the development of algorithms, the concept of neural networks showed a rise in the 1990s (13).

The 21st century witnessed a crucial breakthrough in AI as a result of the availability of improved computational resources and massive datasets. Deep learning techniques, like language processing and image recognition revolutionized fields like language understanding and computer vision (14). Seminal advancements in AI including IBM's Watson, an open-domain question-answering system that won a game show in 2011, allowed for the rapid growth of AI in medicine as well as other industries.




Use of AI in industries

AI has grown exponentially as a transformative technology and is increasingly present in our daily lives-across different industries (15). AI is changing traditional processes, enhancing decision making capabilities and unlocking newer avenues for novelty and innovation. As AI continues to evolve and reshape the way business is conducted, wecan expect a larger shift from industries to a landscape with intelligent systems that are driven by machine learning techniques and advanced algorithms.

The integration of AI into industries consists of a wide spectrum, from healthcare to recruitment, logistics, education, transportation security, e-government, and public sectors. Current advances in the development and applications of AI systems, such as machine learning, deep learning, autonomous or semi-autonomous systems, reshape science and society, creating new opportunities in the way we live, work, travel and do business.

Financial institutions have been employing AI algorithms to detect any fraudulent activities, risk assessment and mitigation, and for enhancing security and stability within the sector (16). In healthcare, AI-powered diagnostic tools are leveraging image recognition and natural language processing to assist medical professionals in accurate disease detection and treatment planning (17). The manufacturing industry has witnessed the implementation of AI-driven maintenance, which in turn has led to a reduction in the downtime and optimizing production processes (18). Transportation and logistics are benefiting from AI-powered route optimization and autonomous vehicles which promise a safer and more efficient mobility solution (19).

The introduction of AI into industries also empowers decision-makers with a more informed decision based on data-driven insights. This in turn enables more informed and strategic choices. Machine learning algorithms for example can process vast volumes of data to uncover patterns and trends, facilitating predictive and prescriptive analytics that drive operational efficiency (20). Through its functioning, AI contributes to resource optimization and cost reduction, ultimately bolstering competitiveness.

A popular form of AI includes machine learning, which learns from imputed data or from the machines experiences and is then taught values via conditioning (21). This can be used in various capacities like voice recognition software (example Alexa and Siri), to medical diagnosis through pattern recognition techniques (22). Other examples of AI in various industries includes AI rapper FN Meka who has signed to Capitol Records and research at Columbia University that resulted in Teaching robots to visual themselves through AI (23). In a 2022 survey consisting of 850 organizations and 18 geographies, 77% reported prioritizing AI regulations as company-wide policies and 80% stated they would invest in the development of ethical AI (24).

Just like most other fields, mental health care too has been impacted by the revolution in digital technology, specifically AI. The emergence of digital mental health as a sub-field signifies the integration of technology into mental health care practices, and within this domain, AI-driven solutions have become an important contributor to positive mental health outcomes (25). The mental health landscape has witnessed a paradigm shift over the last couple years, with technological advancements playing an important role in enhancing accessibility, personalization, and efficacy of interventions. The application of AI in positive mental health is multifaceted, ranging from the development of applications and websites that make use of chatbots and virtual assistants to offer immediate mental health support, someone to talk to in times of distress and identifying potential mental health issues. Machine learning algorithms are also being used to tailor personalized therapeutic interventions, while monitoring real-time data through wearable devices for better informed decision-making. In the context of positive mental health, AI-driven interventions extend beyond clinical settings to wellness applications, delivering tailored recommendations and mindfulness exercises. The purpose of this review is to focus on the ways AI is being used in positive mental health.



Understanding artificial intelligence and its application in mental health care


Artificial intelligence and its key components

Artificial Intelligence (AI) refers to the field of computer science and technology that aims to create systems and machines capable of performing tasks that typically require human intelligence, such as understanding natural language, recognizing patterns, making decisions, learning from experience, and adapting to new situations, all achieved through a combination of algorithms, data processing, and iterative improvement processes (9). Following are the notable key components of AI.

Machine Learning (ML) is a subset of AI that involves the development of algorithms that allow systems to learn from data and improve their performance over time without being explicitly programmed (26). It encompasses various techniques like supervised learning, unsupervised learning, deep learning, and reinforcement learning. ML algorithms can analyze patient data, such as electronic health records and behavioral patterns, to assist in diagnosing mental health conditions like depression, anxiety, and schizophrenia (26). They can also predict the risk of developing certain disorders based on historical data.

Additionally, they can help tailor treatment plans by analyzing patient data to recommend specific therapies, medications, or interventions based on individual characteristics and response patterns (25).

In Supervised Machine Learning (SML), the data are pre-labeled beforehand, for example, distinguishing between the diagnosis of major depressive disorder (MDD) and the absence of depression. The algorithm acquires the capacity to establish the most accurate between input features extracted from various sources of data, including sociodemographic, biological, and clinical measures (27). This intricate linkage of features facilitates the algorithm's adeptness in generating highly accurate predictions within these designated categories (28). It is important to note that the labels can be categorical (i.e., MDD or not or continuous (i.e., along the spectrum of severity) in nature. The machine undergoes supervised ML because the labeled data serves as guidance (“teacher”) for the algorithm, teaching it how to assign labels to the data, enabling the algorithm to learn how to link features with specific labels; subsequently, having learned from extensive labeled training data, the algorithm is assessed using unlabeled test data to ascertain its ability to accurately classify the desired outcome, such as MDD (25).

Conversely, in Unsupervised Machine Learning (UML), the algorithms function without predefined labels, enabling them to detect similarities among input features and unveil the inherent data patterns. However, they lack the ability to associate features with a known label (29). The absence of labels presents a greater challenge for UML; however, it offers the advantage of uncovering the inherent structure within a dataset without significant pre existing biases. For instance, extensive feature datasets, such as neuroimaging biomarkers, possess the potential to unveil insights about unknown subtypes within psychiatric disorders like schizophrenia. UML can aid in identifying groups of biomarkers that define these variations, thereby contributing to prognosis and optimal treatment strategies (25).

Artificial Neural Networks (ANNs) and Deep Learning (DL) are based on the structure and functioning of the human brain, DL involves handling complex and raw data, without human guidance, by employing ANNs that resemble the manner in which a human brain thinks (30). This enables them to model complex patterns and relationships in data processed through multiple “hidden” layers (30–32). Deep learning techniques can be used for image analysis in brain scans (MRI, CT, etc.), aiding in the identification of structural abnormalities linked to mental health disorders.

Natural Language Processing (NLP) is another subfield of AI that enables machines to process, comprehend, interpret, and generate human language. Researchers refine and make use of such tools in real-world applications, creating spoken dialogue systems and speech-to-speech translation engines, mining social media for information about health or finance, and identifying sentiment and emotion toward products and services (33). NLP can significantly aid in analyzing written or spoken language to detect emotional states and changes, assisting clinicians monitor patients' mental well-being through texts, chats, or speech. Furthermore, the integration of AI-powered chatbots amplifies this capacity by engaging users in text-based dialogues, thereby delivering real-time assistance, coping mechanisms, and even recommendations for consultation with mental health professionals.

Reinforcement Learning (RL) is a type of ML algorithm that involves training an agent to make sequential decisions by interacting with an environment. The algorithm acts as an agent in an interactive environment that learns by trial and error using rewards from its own actions and experiences (25). RL offers a dynamic framework for tailoring therapeutic interventions. For instance, AI-driven applications, such as virtual reality exposure therapy, can be designed to adjust exposure levels in response to patient reactions. This ensures that the intensity of exposure is optimized to minimize distress while still facilitating progress (34). The AI agent learns from patient feedback, continually refining the intervention strategy over time.

Computer Vision is an AI subfield that encompasses the development of computational systems that facilitate the interpretation and comprehension of visual data from the environment, similar to how humans perceive images and videos. Its practical implementations include image recognition, object detection, facial recognition, and autonomous vehicular systems. Computer vision can be useful in analyzing facial expressions and gestures to infer emotional states, aiding in the assessment of patients' emotional well-being. Additionally, computational intelligence has found application in the detection and assistance of autism spectrum disorder (ASD) (35).

In the field of mental health care, these elements collaborate in many innovative ways. From personalized interventions to predictive analytics, the integration of AI technologies offers promising avenues to strengthen positive mental health outcomes. Further exploration into the landscape of AI in mental health care reveals how these technologies are reshaping the way we approach and support mental well-being (25).




Overview of AI applications in mental health care


	•Awareness: How AI can help in increasing awareness about mental health issues? Through the utilization of advanced technologies such as natural language processing, sentiment analysis, and data mining, AI-driven initiatives have demonstrated remarkable capabilities in disseminating accurate information, combating stigma, and promoting dialogue surrounding mental health. This intersection of AI and mental health awareness presents an innovative avenue with the potential to revolutionize how society perceives and discusses mental health issues. The ability of AI to process and analyze vast amounts of data, coupled with its capacity to interact with individuals, offers promising prospects for creating impactful awareness campaigns. A noteworthy application of AI in mental health awareness is the analysis and regulation of social media data. Platforms like Twitter and Instagram provide a wealth of user-generated content that can be harnessed to gauge public sentiment toward mental health topics. AI-powered sentiment analysis algorithms can discern emotions expressed in posts, enabling researchers and mental health organizations to monitor shifts in public discourse and pinpoint key topics that require targeted awareness initiatives (36). This analysis contributes to a better understanding of prevailing attitudes, misconceptions, and evolving perceptions related to mental health. AI-driven chatbots have also emerged as interactive tools to disseminate accurate information and educational resources on mental health. Such AI-driven agents engage users in empathetic conversations, providing guidance, coping strategies, and referrals to professional assistance and other available support services. By delivering personalized support and knowledge dissemination, chatbots effectively bridge the information gap that often surrounds mental health concerns, thereby encouraging individuals to seek help when warranted. Psychoeducation constitutes a pivotal component of mental health awareness endeavors, offering individuals essential knowledge and coping strategies. The AI-enhanced educational platforms further accentuate this by leveraging data mining techniques to curate tailored content for catering to the diverse needs of users. This personalization enhances user engagement, ensuring that educational material is both relevant and relatable to individual experiences, thereby fostering a deeper understanding of mental health concepts.

	•Support: How AI can provide support to individuals with mental health concerns? Mental health concerns present a global challenge, necessitating innovative approaches to support individuals on their path to well-being. The convergence of AI and mental health care has spurred the adoption of unique solutions that complement traditional methods.



Mental healthcare professionals can actively employ various AI-driven client engagement strategies to effectively guide the recovery journey for individuals grappling with mental health issues. For instance, AI technologies can be seamlessly integrated into mobile applications to send timely reminders for medication schedules, track side effects, monitor medication responses, enhance adherence, and facilitate collaboration between individuals and their healthcare providers. AI-driven apps can also monitor mood fluctuations and offer insights into potential triggers, enabling individuals to identify patterns and make informed decisions about self-care.

Personal sensing, also known as digital phenotyping, entails utilizing digital information to assess and observe an individual's mental well-being (37). Artificial intelligence can analyze content shared on social media platforms, medical records, and other sources. Through this analysis, AI can identify significant shifts in behavior that it has learned to correlate with mental health conditions. For instance, if an individual who regularly wears a smartwatch to monitor physical activity undergoes a sudden transition from high activity levels to a predominantly sedentary state, AI technology may interpret this change as a potential indicator of depression. This interpretation aligns with the typical pattern of reduced energy levels and diminished motivation to engage in physical exercise that is often observed in cases of depression. Platforms like Facebook have also integrated AI-driven tools that identify concerning posts and offer assistance. Furthermore, AI can foster connections among individuals facing similar challenges by facilitating online support groups and communities, where individuals can exchange experiences and strategies. Additionally, AI-based applications, such as tracking an individual's progress over time and providing feedback on their efforts, can promote sustained motivation for enhanced recovery.


	•Intervention: How AI can assist in the intervention and treatment of mental health disorders?



Modern AI and machine learning, in particular, present extensive possibilities for advancing prediction, detection, and treatment solutions in the domain of mental health care. This technology has the capacity to not only assist mental health practitioners in redefining mental illnesses more objectively than the current DSM-5 framework but also to identify these conditions at earlier, prodromal stages when interventions can yield maximum efficacy. Moreover, AI enables the personalization of treatments based on an individual's unique characteristics. In the context of prediction and prevention, AI can evaluate the risk of developing specific mental health disorders based on an individual's profile, genetic predisposition, and environmental factors. This enables proactive measures to prevent or mitigate the onset of disorders. An AI-based decision support system (DSS) has been developed, efficiently detecting and diagnosing various mental disorders (38). AI algorithms can sift through diverse data sources, such as electronic health records, diagnostic tests, and behavioral patterns, for early detection of mental health disorder signs, allowing timely intervention, and improved prognosis.

In terms of treatment, numerous studies have indicated that NLP-based chatbots possess the capability to identify mental health issues through a question-based approach similar to that of mental health practitioners (39). For instance, chatbots may inquire about various aspects, including mood, stress levels, energy, and sleep patterns (40). Subsequently, these responses are analyzed, enabling the chatbot to recommend various therapeutic techniques. These recommendations include purely behavioral modifications, such as engaging in activities like walking, meditation, and relaxation techniques, or guiding the individual to seek medical support. Furthermore, in instances where the patient's immediate safety is a concern, the chatbot could promptly notify their healthcare provider (37). Expanding on therapeutic interventions, AI can augment traditional therapy approaches by delivering cognitive behavioral exercises and interventions through digital platforms. These tools reinforce learning, provide consistent support, and track progress over time. AI-powered mental health applications provide accessible and convenient support to individuals, particularly those who may have limited access to traditional therapy services, offering on-demand assistance and interventions, and further reducing barriers to seeking help. Additionally, AI-driven neurofeedback systems and brain-computer interfaces offer novel ways of regulating brain activity and emotional states. These interfaces provide immediate feedback on mental states and enable individuals to develop self-regulation skills. Furthermore, AI can play a crucial role in the analysis of aggregated patient data, generating insights and recommendations for clinicians to make sound treatment decisions, thereby optimizing clinical outcomes.

Beyond the broad spectrum of AI tools enhancing awareness, support systems, and interventions in mental health, it's equally imperative to delve into the specific advantages these AI-driven applications bring to the table.



Advantages of AI applications in mental health outcomes


Positive impact on cognitive aspects

The inaccuracy and subjectivity of cognitive assessments have led many healthcare professionals to explore tools and techniques that would automate these processes, making them more objective and increasing the efficiency of facilitation. AI has emerged as one of the most promising approaches to automate cognitive assessments. Cognitive assessments involve a series of tasks and tests that are typically designed to evaluate areas of cognitive function like language, reasoning, memory, decision making, attention and perception. These assessments are usually administered by healthcare professions like occupational therapists, neurologists or psychologists.

Screening of cognitive deficits or impairments and early intervention is currently the most widely accepted strategy to manage a number of psychological disorders. The diagnosis of these is established through thorough assessments, which may also help in understanding cognitive pathophysiology (41). However, lack of proper standardized screening and guidelines often leads to undiagnosed cognitive impairment which further leads to increased disease progression and cognitive decline.

Automating the assessment and prediction process is the key to timely diagnosis and management. The advent of AI has resulted in automated assessment techniques which improve the accuracy of diagnosis. ML and AI-based approaches like Support Vector Machine (SVM), neural networks and ensemble techniques like Convolutional Neural Network (CNN), AlexNet, GoogLeNet and LeNet5 have yielded some of the best results and accuracies when it comes to the use of AI for the assessment of cognitive mental health disorders (42).

The evolution of AI has contributed effectively to the early detection, diagnosis, and referral management of mental health disorders because experts are limited in regard to their performance, knowledge diversity and daily exertion which can also affect their performance.


Intellectual and developmental disorders

These include disorders like cerebral palsy, down syndrome, ADHD, autism spectrum disorders and fragile X syndrome which typically appear in a child before the age of 18. Data from different sources form inputs for the analysis of intellectual and developmental disabilities. The neuroimaging data are analyzed with a DNN to detect the presence of ID or DD in children. Based on this, AI-assisted screening systems have been developed to analyze the electronic health record of individuals for the detection of various disabilities and disorders. Machine learning can be used to detect the presence of disorders like ASD using eye movements. In addition, AI finds its role in the detection of ASDs from the presence of maternal and blood autoantibody-based biomarkers (43).



Neurodegenerative disorders

Major neurodegenerative disorders like Alzheimer's, Parkinsons and motor neuron disease possess a great challenge in that their symptoms are not seen until a substantial number of neurons are lost (44). Against this, early diagnosis is difficult. Using machine learning algorithms to analyze MRI images, early detection of these diseases is made easier. A study by Kloppel et al. (45) showed that Support Vector Machine (SVM) can use MRI scans to efficiently differentiate between individuals with Alzheimer's and those with frontotemporal lobar degeneration. Furthermore, they also helped distinguish between healthy individuals and those with Alzheimer's. 3D neural network architectures have also been used for the detection of Alzheimer's in the past.



Seizures

Epileptic seizures typically develop with a sudden abnormal surge of electrical activities in the brain. The detection of these seizures can prove to be a real challenge due to the variability in their pattern. Previous studies have demonstrated how electroencephalography recordings have been analyzed using machine learning algorithms for the effective detection of seizures (46).




Positive impact on affective/emotional aspects

The integration of AI and affective computing has given rise to a realm known as Emotional AI, wherein technologies are designed to perceive, learn from, and interact with human emotions. Despite being in its nascent stages, Emotional AI is gaining prominence in various facets of daily life, from personal devices to professional domains. It is even influencing the emotional ambiance of spaces like workplaces, hospitals, and classrooms. Emotion sensing, a pivotal aspect of Emotional AI, traces its origins to affective computing in the 1990s (47). Enabled by weak, narrow, and task-based AI, Emotional AI aims to comprehend and interact with emotional states by analyzing a spectrum of data related to words, images, facial expressions, gaze direction, gestures, voices, and physiological signals, such as heart rate, body temperature, respiration, and skin conductivity (48). The input features for emotion recognition could include facial expressions, voice samples, or biofeedback data, while the output encompasses emotional states used for various purposes. Common machine learning techniques like convolutional neural networks, region proposal networks, and recurrent neural networks are frequently employed for these tasks. These emotional states are then utilized to enhance interactions with devices and media content, intensify artistic expression, facilitate surveillance and learning, and enhance self-understanding of moods and well-being (49).

This technology transcends human limitations, enabling more nuanced and accurate detection of emotional signals through wearables and smartphone applications. Furthermore, AI facilitates emotion regulation through tailored interventions. On the basis of real-time emotion data, AI-driven cognitive computing systems can offer immediate strategies, interactive exercises, and simulations for managing emotional states. For instance, AI-powered applications can guide users through relaxation exercises, deep breathing techniques, or mindfulness practices for reducing perceived stress and improving self-regulation (50).

The role of AI in emotional well-being extends beyond mere detection and regulation. AI-powered systems can also contribute to the development of emotional intelligence, a key factor in maintaining balanced emotional states. By providing users with insights into their emotional patterns over time, AI empowers individuals to cultivate a deeper understanding of their emotions and triggers, equipping individuals with valuable skills for effectively managing emotions and fostering healthier responses to challenges. Furthermore, AI-driven interfaces and applications can adapt their responses based on users' emotional cues, providing empathetic and supportive interactions. These emotionally intelligent interfaces offer a human-like connection, enhancing users' emotional experiences and addressing their emotional needs.


Emotional dysregulation

Difficulties in effectively managing and expressing emotions, often lead to heightened emotional responses, mood instability, and impaired emotional functioning, increasing the risk of depression, anxiety, and substance use disorders. Music-based emotion regulation mobile app has been developed with the aim of teaching emotion regulation skills to individuals with mental health problems in clinical and community settings, including eating disorders, anxiety disorders, substance misuse, and schizophrenia (51). AI-powered therapeutic games and virtual reality experiences can also provide immersive environments for practicing emotion regulation skills. These interactive platforms offer safe spaces to explore and manage emotions, allowing individuals to gradually build their emotional regulation capacities. Furthermore, AI-enabled biofeedback and neurofeedback systems can help individuals gain awareness and control over their physiological responses associated with emotional dysregulation. These systems provide real-time feedback on heart rate, brain activity, and other physiological indicators, allowing individuals to learn how to modulate their emotional responses. Additionally, immediate and empathetic support can be offered by AI-driven virtual therapists or chatbots for individuals experiencing emotional dysregulation.



Mood disorders

The use of AI techniques holds significant potential in improving the diagnosis of mood disorders as well as identifying suicide risks (52). A combination of using mobile and wearable technology can assist in collecting physiological and behavioral markers followed by the AI to analyze these data that can provide objective markers for conditions such as depression and bipolar disorder (BD) (53). AI also has the capacity to monitor social media and text messages for linguistic cues and sentiment analysis, enabling the prediction of mood fluctuations and potential relapses. For example, the Social Rhythm Metric (SRM), a clinically validated marker of stability and rhythmicity for individuals with bipolar disorder (BD), can be automatically assessed using passively sensed data from smartphones (54). This personalized monitoring enhances self-management and reduces the risk of severe episodes.



Autism spectrum disorder (ASD)

AI-driven tools assist in early detection by analyzing facial expressions, eye gaze, and gestures during video-based interactions. Smart tablet technology can provide a new paradigm for clinical autism assessments, aiding in the identification and intervention of ASD in young children (55). The capability of this technology extends to its integration with customized gaming experiences that incorporate various psychometric assessments. Additionally, it has the capacity to utilize sensors in innovative manners, including evaluating social intelligence or detecting emotional responses through the front-facing camera or by combining gameplay with sensor-equipped toys for enhanced functionality (56).



Schizophrenia

Automated speech analysis can assess speech patterns and prosody to detect subtle and clinically relevant affect-related changes in speech that might indicate the onset of schizophrenia symptoms (57). NLP-driven tools can also assist in tracking and predicting relapses based on speech patterns and emotional content (58). AI interventions can play a crucial role in promoting emotional well-being among children and adolescents. Interactive and engaging AI-driven platforms can provide age-appropriate tools for emotional regulation and stress management. These platforms may include virtual reality experiences, interactive games, and personalized virtual companions. AI can also monitor online activities and social media usage to detect signs of cyberbullying, anxiety, or depression in young users. Early intervention through AI can help develop healthy emotional coping mechanisms and prevent the escalation of mental health issues.

For young adults transitioning into adulthood, AI applications can offer support in managing the stresses of higher education, career choices, and independent living. AI-powered virtual mentors can provide guidance on stress reduction techniques, time management, and decision-making. Additionally, AI-driven platforms can curate resources for building resilience, coping with life changes, and maintaining a healthy work-life balance. Middle-aged adults often face increased responsibilities and societal pressures. AI can assist this group by offering personalized stress management strategies, facilitating relaxation techniques, and providing reminders for self-care activities. AI-powered chatbots or virtual therapists can offer a confidential space for discussing emotional concerns, and AI-based wellness platforms can tailor fitness and wellness routines to individual preferences and schedules.

The emotional challenges in the elderly can be effectively addressed by AI applications, including feelings of isolation, cognitive decline, and age-related mental health issues. AI-driven virtual companions can offer companionship and engage older adults in cognitive exercises and reminiscence therapy. Additionally, AI-powered sensors can detect changes in behavior patterns and alert caregivers or healthcare providers to potential emotional distress or cognitive decline.

While acknowledging the substantial strides made by AI in enhancing mental health care, it is important to scrutinize these advancements and address the nuanced concerns surrounding their implementation. Bridging the gap between the perceived benefits and potential drawbacks of AI applications in mental health outcomes requires a critical evaluation.





Critiques of AI applications in mental health outcomes: bridging the Gap


	1.Ethics and privacy concerns related to AI use in mental health care



The use of artificial intelligence (AI) in mental healthcare has the potential to offer numerous benefits, such as improved diagnostics, personalized treatment, and increased access to mental health support. However, it also raises important ethical and privacy concerns that must be carefully addressed to ensure responsible and effective implementation. Some of the issues of concern include – (59)


	•Data Privacy and Security: AI systems in mental healthcare often require access to sensitive and personal patient data, including medical records, treatment histories, and even real-time emotional states. Safeguarding this data is crucial to protect patient privacy and prevent unauthorized access or breaches (60).

	•Informed Consent: Patients should be fully informed about how their data will be used and the potential implications of AI-driven mental health interventions. Informed consent is especially important considering the sensitive nature of mental health information (61).

	•Transparency: AI algorithms used in mental healthcare should be transparent and explainable. Patients and healthcare providers need to understand how decisions are made by AI systems to ensure accountability and to build trust.

	•Bias and Fairness: AI algorithms can inherit biases present in the data they are trained on, leading to potential disparities in diagnosis and treatment recommendations. Efforts must be made to identify and mitigate these biases to ensure fair and equitable care for all individuals.

	•Human Oversight: While AI can assist mental healthcare professionals, it should not replace human expertise entirely. Maintaining a balance between AI-driven recommendations and human judgment is crucial to avoid potential errors and to uphold the ethical responsibility of healthcare providers.

	•Accountability and Liability: When AI systems are involved in making decisions about mental healthcare treatment, questions about accountability and liability arise. Determining responsibility in case of adverse outcomes caused by AI recommendations can be complex and needs careful consideration.

	•Patient-Provider Relationships: The use of AI could potentially alter the dynamics of the patient-provider relationship. Maintaining empathy, trust, and human connection in mental healthcare interactions is essential, even when AI tools are used.

	•Unintended Consequences: AI systems might inadvertently reinforce stigmatization, overdiagnosis, or unnecessary medicalization of normal emotional experiences. Careful monitoring and adjustment of AI algorithms are needed to avoid such unintended consequences.

	•Regulation and Standards: Clear regulatory frameworks and ethical guidelines should be established to govern the development, deployment, and use of AI in mental healthcare. These standards should ensure that patient rights, privacy, and well-being are protected.



Collaboration between AI developers, mental healthcare professionals, ethicists, and policymakers is essential to create responsible and effective AI solutions that prioritize patient well-being and uphold ethical standards.


	2.Reliability and accuracy issues of AI algorithms in assessing and diagnosing mental health disorders



While AI has shown promise in assisting clinicians and providing insights, there are several considerations to take into account like the quality of data on which the algorithm is based. The accuracy of AI algorithms heavily depends on the quality and diversity of the data they are trained on. If the training data is biased, incomplete, or unrepresentative, the AI may produce inaccurate or biased results. Mental health disorders are complex and often involve a combination of subjective symptoms, environmental factors, and personal histories. AI algorithms may struggle to accurately diagnose conditions that require nuanced interpretation of these factors. The human aspects and reading in between the lines of a patient's history may be missed by algorithms. Mental health disorders can manifest differently in different individuals (62). This variability challenges the development of a one-size-fits-all AI solution and requires algorithms that can adapt to diverse presentations. AI algorithms can produce false positives (diagnosing a disorder that isn't present) and false negatives (failing to diagnose a disorder that is present). AI algorithms may lack the ability to fully understand the context and nuances of a patient's life, emotions, and experiences, which can affect accurate diagnosis and assessment. Many mental health disorders have overlapping symptoms, making accurate diagnosis challenging even for experienced clinicians. AI algorithms may struggle with this complexity as well (63).

The field of mental health is continuously evolving, with updates to diagnostic criteria and new insights. AI algorithms need to be regularly updated to stay aligned with the latest research. AI algorithms should be seen as tools to assist mental health professionals rather than replace them. Human oversight is crucial to review and interpret AI-generated assessments. AI algorithms for mental health diagnosis should undergo rigorous validation and testing similar to any diagnostic tool. Clinical trials are necessary to demonstrate their reliability and safety.


	3.Potential biases and lack of cultural sensitivity in AI-based interventions



This is another significant concern when it comes to AI-based interventions in mental health. AI algorithms learn from historical data, which may reflect societal biases and inequalities. If the training data is biased, the AI system can perpetuate those biases in its decision-making. This can lead to disparities in diagnosis, treatment recommendations, and outcomes for different demographic groups. Mental health is influenced by cultural, social, and contextual factors. AI tools may not adequately account for these factors, leading to misinterpretations or misunderstandings of patients' experiences and needs. A lack of cultural sensitivity can result in inaccurate diagnoses and recommendations. If certain demographic groups are underrepresented in the training data, AI algorithms may not be as accurate for those groups. This is particularly concerning for minority populations, as the algorithms may not effectively capture the nuances of their mental health experiences. Biased algorithms can wrongly label individuals or stigmatize certain communities (64). For example, misdiagnosing cultural behavior as a mental disorder can perpetuate negative stereotypes. AI algorithms might misinterpret cultural expressions of distress or emotional states, leading to misdiagnosis or ineffective interventions. Different cultures may have unique ways of expressing and coping with mental health challenges. AI tools might not understand or communicate effectively in various languages and dialects, limiting their accessibility to diverse populations. Different cultures have diverse beliefs about mental health, help-seeking, and treatment. AI tools need to respect and adapt to these cultural norms to provide relevant and effective interventions. Creating AI solutions with cultural sensitivity requires diverse development teams that reflect a variety of backgrounds and perspectives. This helps in addressing biases and designing interventions that are relevant across cultures. Collaboration between AI developers and mental health professionals with cultural expertise is crucial. This collaboration ensures that AI tools are well-informed about cultural nuances and potential biases (65).

Understanding the significance of refining AI's role and addressing the critical aspects of implementation in mental health care, the following section delineates key recommendations aimed at fortifying these technologies.


Recommendations for improving AI applications in mental health care


	1.Enhanced training and validation of AI algorithms with diverse datasets



One must collect a wide range of data that represent different demographic groups, cultural backgrounds, languages, and socioeconomic statuses. Ensure that the dataset is balanced and includes sufficient samples from underrepresented populations. One must obtain explicit informed consent from individuals contributing data. Anonymize and protect sensitive information to maintain privacy and confidentiality. The AI developer must conduct thorough bias assessments to identify potential biases in the dataset. One must use techniques such as debiasing algorithms to reduce biases in training data (66).

One must consider the intersectionality of various demographic factors (e.g., race, gender, age) to ensure that the dataset captures the complexities of individuals' identities. There is a need to collaborate with mental health professionals, cultural experts, and ethicists to guide the selection and curation of diverse datasets and to involve domain experts in the development of bias-mitigation strategies. There is a need to develop AI models that can adapt to different cultural contexts and languages. One must ensure that data labeling takes into account diverse perspectives and cultural norms. There is a need to establish clear guidelines for labeling subjective data related to mental health symptoms. Research must validate the AI algorithm's performance across different demographic groups separately to identify potential disparities. The developers must regularly audit AI models for biases and accuracy and update them as new data becomes available and stay current with evolving research and best practices in AI fairness and ethics (67).


	2.Implementation of transparent and accountable AI systems



There is a need to develop AI algorithms that provide explanations for their decisions and recommendations in a human-readable manner and use techniques like interpretability tools and visualizations to make AI processes understandable to non-experts. One must maintain detailed documentation that describes the AI system's architecture, data sources, training process, algorithms used, and decision-making logic while ensuring that the documentation is easily accessible to stakeholders, including developers, regulators, and users. The developers could consider open-sourcing parts of the AI system's code to allow external experts to review and audit the technology for biases, vulnerabilities, and ethical concerns. There is a need to conduct thorough assessments of the potential impact of AI algorithms on various stakeholders, including marginalized communities, and take steps to mitigate any negative effects. One could also educate users about how AI systems work, their limitations, and the extent to which human oversight is involved and provide resources and materials to help users make informed decisions about using AI technologies. One must regularly audit AI systems for biases and fairness issues, especially related to factors like race, gender, and socioeconomic status while addressing and rectifying any identified biases to ensure equitable outcomes. There is a need to establish ethics committees or review boards that include experts from various fields, including ethics, law, and social sciences, to assess and oversee AI system deployment. One could collaborate with third-party organizations or auditors to conduct independent assessments of the AI system's transparency, accountability, and ethical practices (68, 69).


	3.Integration of human oversight and collaboration in AI-based mental health interventions



It is vital that we position AI as a tool to assist mental health professionals rather than replace them and emphasize the complementary roles of AI and human expertise. There is a need to foster a collaborative approach where AI provides insights and recommendations, while human professionals make the final decisions. One must involve mental health experts, psychologists, therapists, and counselors in the design and development of AI interventions. Their domain knowledge is crucial for creating effective tools. There is a need to collaborate with mental health professionals to validate the accuracy and clinical relevance of AI algorithms and use clinical trials and real-world testing to ensure that AI interventions align with best practices in mental healthcare. One must allow mental health professionals to customize AI algorithms to fit individual patient needs and preferences and leverage human insights to fine-tune AI recommendations for each patient. One must develop AI systems that provide understandable explanations for their recommendations.

Mental health professionals can better trust and act upon AI recommendations when they understand the reasoning behind them. One must encourage mental health professionals to regularly review and monitor AI-generated insights and create channels for professionals to provide feedback and corrections to improve the accuracy and relevance of AI suggestions. There is a need to collaborate with culturally competent mental health experts to ensure that AI interventions are sensitive to diverse cultural backgrounds and practices. AI must reserve complex and high-risk cases for human intervention. AI can be effective for routine tasks, leaving more nuanced cases to human experts (70).

One must strive to maintain a strong patient-provider relationship by incorporating human empathy and emotional support. One must use AI as a supplement to enhance patient care, not a replacement for human connection and provide mental health professionals with ongoing training on how to effectively use AI tools and interpret AI-generated insights. By integrating human oversight and collaboration, AI-based mental health interventions can benefit from both technological advancements and the nuanced understanding that only human professionals can provide. This approach helps to strike a balance between innovation and the ethical delivery of quality mental healthcare (65).




Conclusion

AI has come a long way from the initial Turing test to its current applications and is increasingly being integrated into digital medicine to contribute to mental health research and practice. The synergy between these domains holds immense potential for advancing our understanding, diagnosis, and treatment of mental health disorders. The insights of this study, however, are not without limitations. The primary constraints lie in the generalizability of the findings, as the scope of the review may not encapsulate the entirety of AI's impact in mental health.

Furthermore, the fast-paced nature of technological advancements implies that the landscape of AI applications in mental health is continually evolving, warranting ongoing research and adaptation.

Despite these limitations, this review underscores the complementary relationship between AI and healthcare by describing how the two fields help each other to promote positive mental health and places emphasis on the pivotal role of collaborative efforts between diverse experts in driving the responsible integration of AI into mental healthcare.

A study by De Choudhury et al. (71), illustrated that an important step is combining human intelligence with AI in order to (1) ensure construct validity, (2) appreciate unobserved factors not accounted for in data, (3) assess the impact of data biases, and (4) proactively identify and mitigate potential AI mistakes. In order to realize and tap into the full potential of AI, a wide community of experts in mental healthcare and research like clinicians, scientists, patients and regulators must collaborate and communicate effectively.

In this evolving landscape, it is also crucial to balance the immense potential of artificial intelligence with ethical responsibilities. We must consistently assess and refine its use to ensure it aids human abilities rather than replacing them. Continuous ethical scrutiny is vital to keep AI as a tool that supports us rather than overtaking our roles.

The future of AI in mental healthcare is indeed promising. Researchers and practitioners that are vested in improving mental healthcare must take an active role in informing the introduction of AI into clinical care by lending their clinical expertise and collaborating with data and computational scientists, as well as other experts, to help transform mental health practice and improve overall care for patients.



Author contributions

AT: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. AG: Conceptualization, Methodology, Validation, Writing – original draft, Writing – review & editing. AD: Conceptualization, Data curation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The authors declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

Tejusv Goel and Mansi Pund, Research Interns at MINDLab for helping in the literature search.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Solomonoff G. Ray solomonoff and the dartmouth summer research project in artificial intelligence (1956). Julkaisematon käsikirjoitus (2017).

2. Kaplan J. Artificial Intelligence: What Everyone Needs to Know. New York, NY: Oxford University Press (2016).

3. McCarthy J. Making robots conscious of their mental states. Paper Presented at Machine Intelligence 15 Workshop. UK: Oxford University, (1995).

4. Ertel W, Black N, Mast F. Introduction to Artificial Intelligence. Cham, Switzerland: Springer (2017).

5. McCorduck P. Machines Who Think: A Personal Inquiry into the History and Prospects of Artificial Intelligence. Boca Raton: CRC Press (2004).

6. Wang P. On defining artificial intelligence. J Artif Gen Intell. (2019) 10(2):1–37. doi: 10.2478/jagi-2019-0002

7. Anyoha R. The history of artificial intelligence. Science in the News. Harvard University (2017). https://sitn.hms.harvard.edu/flash/2017/history-artificial-intelligence (accessed September 24, 2023).

8. Moor J. The Turing Test: The Elusive Standard of Artificial Intelligence, Vol. 30. Norwell, MA: Springer Science & Business Media (2003).

9. McCarthy J. Programs With Common Sense. Mechanization of Thought Processes, Vol. I. London: Her Majesty’s Stationery Office, UK (1959).

10. Newell A, Shaw JC, Simon HA. Elements a theory of human problem solving. Psychol Rev. (1958) 65:151–66. doi: 10.1037/h0048495

11. Feigenbaum EM, Corduck MC. The Fifth Generation. New York: Addison-Wesley (1983).

12. Russell SJ, Norvig P. Artificial Intelligence: A Modern Approach. London: Pearson Education Limited (2016).

13. LeCun B, Mautor T, Quessette F, Weisser MA. Bin packing with fragmentable items: presentation and approximations. Theor Comput Sci. (2015) 602:50–9. doi: 10.1016/j.tcs.2015.08.005

14. Goodfellow I, Bengio Y, Courville A. Deep Learning. Cambridge, MA: MIT Press (2016).

15. Kelly S, Kaye S, Trespalacios O. A multi-industry analysis of the future use of AI chatbots. Hum Behav Emerg Technol. (2022) 2022:14. doi: 10.1155/2022/2552099

16. Dirican C. The impacts of robotics, artificial intelligence on business and economics. Procedia Soc Behav Sci. (2015) 195:564–73. doi: 10.1016/j.sbspro.2015.06.134

17. Rajkomar A, Oren E, Chen K, Dai AM, Hajaj N, Hardt M, et al. Scalable and accurate deep learning with electronic health records. NPJ Digit Med. (2018) 1:18. doi: 10.1038/s41746-018-0029-1

18. Mumali F. Artificial neural network-based decision support systems in manufacturing processes: a systematic literature review. Comput Ind Eng. (2022) 165:107964. doi: 10.1016/j.cie.2022.107964

19. Litjens G, Kausika BB, Worrell E, van Sark W. Spatial analysis of residential combined photovoltaic and battery potential: case study Utrecht, The Netherlands. 2017 IEEE 44th Photovoltaic Specialist Conference (PVSC) (2017). p. 3014–9.

20. Davenport TH. Artificial intelligence for the real world. Harvard Business Review (2018). https://hbr.org/webinar/2018/02/artificial-intelligence-for-the-real-world (accessed October 02, 2023).

21. Mitchell M. Artificial Intelligence a Guide for Thinking Humans. UK: Penguin Random House (2019). p. 581–2. doi: 10.1007/s10710-022-09439-7

22. Becker D. Possibilities to improve online mental health treatment: recommendations for future research and developments. Future of Information and Communication Conference. Singapore: Springer (2018).

23. Chen B, Kwiatkowski R, Vondrick C, Lipson H. Fully body visual self-modeling of robot morphologies. Sci Robot. (2022) 7(68):eabn1944. doi: 10.1126/scirobotics.abn1944

24. Accenture, From AI compliance to competitive advantage (2022). Available online at: https://www.accenture.com/us-en/insights/artificialintelligence/ai-compliance-competitive-advantage (accessed December 21, 2023).

25. Graham S, Depp C, Lee EE, Nebeker C, Tu X, Kim HC, et al. Artificial intelligence for mental health and mental illnesses: an overview. Curr Psychiatry Rep. (2019) 21:1–18. doi: 10.1007/s11920-019-1094-0

26. Raphael-Rene D, Donna Raphael-Rene Director of Business Relations I have a drive and passion for development, & Name. Artificial intelligence for competitive advantage: Grata. Grata Software | Custom Software Development and Engineering (2023). Available online at: https://www.gratasoftware.com/artificial-intelligence-for-competitive-advantage-insights-for-business-leaders/ (accessed December 21, 2023).

27. Fabris F, Magalhães JPD, Freitas AA. A review of supervised machine learning applied to ageing research. Biogerontology. (2017) 18:171–88. doi: 10.1007/s10522-017-9683-y

28. Bzdok D, Krzywinski M, Altman N. Machine learning: supervised methods. Nat Methods. (2018) 15:5. doi: 10.1038/nmeth.4551

29. Miotto R, Li L, Kidd BA, Dudley JT. Deep patient: an unsupervised representation to predict the future of patients from the electronic health records. Sci Rep. (2016) 6:1–10. doi: 10.1038/srep26094

30. LeCun Y, Bengio Y, Hinton G. Deep learning. Nature. (2015) 521:436–44. doi: 10.1038/nature14539

31. Miotto R, Wang F, Wang S, Jiang X, Dudley JT. Deep learning for healthcare: review, opportunities and challenges. Brief Bioinformatics. (2018) 19:1236–46. doi: 10.1093/bib/bbx044

32. Faust O, Hagiwara Y, Hong TJ, Lih OS, Acharya UR. Deep learning for healthcare applications based on physiological signals: a review. Comput Methods Programs Biomed. (2018) 161:1–13. doi: 10.1016/j.cmpb.2018.04.005

33. Hirschberg J, Manning CD. Advances in natural language processing. Science. (2015) 349:261–6. doi: 10.1126/science.aaa8685

34. Gottesman O, Johansson F, Komorowski M, Faisal A, Sontag D, Doshi-Velez F, et al. Guidelines for reinforcement learning in healthcare. Nat Med. (2019) 25:16–8. doi: 10.1038/s41591-018-0310-5

35. Ahmed SM, Lohit S, Peng KC, Jones MJ, Roy-Chowdhury AK. Cross-modal knowledge transfer without task-relevant source data. European Conference on Computer Vision. Switzerland: Springer Nature (2022). p. 111–27.

36. Mowery D, Smith H, Cheney T, Stoddard G, Coppersmith G, Bryan C, et al. Understanding depressive symptoms and psychosocial stressors on twitter: a corpus-based study. J Med Internet Res. (2017) 19:e6895. doi: 10.2196/jmir.6895

37. Minerva F, Giubilini A. Is AI the future of mental healthcare? Topoi. (2023) 1–9. doi: 10.1007/s11245-023-09932-3

38. Tutun S, Johnson ME, Ahmed A, Albizri A, Irgil S, Yesilkaya I, et al. An AI-based decision support system for predicting mental health disorders. Inf Syst Front. (2023) 25:1261–76. doi: 10.1007/s10796-022-10282-5

39. Vaidyam AN, Wisniewski H, Halamka JD, Kashavan MS, Torous JB. Chatbots and conversational agents in mental health: a review of the psychiatric landscape. Can J Psychiatry. (2019) 64:456–64. doi: 10.1177/0706743719828977

40. Denecke K, Abd-Alrazaq A, Househ M. Artificial intelligence for chatbots in mental health: opportunities and challenges. In: Househ M, Borycki E, Kushniruk A, editors. Multiple Perspectives on Artificial Intelligence in Healthcare: Opportunities and Challenges. Cham, Switzerland: Springer International Publishing (2021). p. 115–28.

41. Chaudhary S, Kumaran SS, Kaloiya GS, Goyal V, Sagar R, Kalaivani M, et al. Domain specific cognitive impairment in Parkinson’s patients with mild cognitive impairment. J Clin Neurosci. (2020) 75:99–105. doi: 10.1016/j.jocn.2020.03.015

42. Javed AR, Saadia A, Mughal H, Gadekallu TR, Rizwan M, Maddikunta PKR, et al. Artificial intelligence for cognitive health assessment: state-of-the-art, open challenges and future directions. Cognit Comput. (2023):1–46. doi: 10.1007/s12559-023-10153-4

43. Zheng Z, Zheng P, Zou X. Peripheral blood S100B levels in autism spectrum disorder: a systematic review and meta-analysis. J Autism Dev Disord. (2021) 51:2569–77. doi: 10.1007/s10803-020-04710-1

44. Michel PP, Hirsch EC, Hunot S. Understanding dopaminergic cell death pathways in Parkinson disease. Neuron. (2016) 90:675–91. doi: 10.1016/j.neuron.2016.03.038

45. Klöppel S, Kotschi M, Peter J, Egger K, Hausner L, Frölich L, et al. Separating symptomatic Alzheimer’s disease from depression based on structural MRI. J Alzheimer’s Dis. (2018) 63:353–63. doi: 10.3233/JAD-170964

46. Shoeb AH. Application of machine learning to epileptic seizure onset detection and treatment. (doctoral dissertation). Massachusetts Institute of Technology (2009).

47. D'Mello S, Picard RW, Graesser A. Toward an affect sensitive AutoTutor. IEEE Intell Syst. (2007) 22:53–61. doi: 10.1109/MIS.2007.79

48. McStay A. Empathic media and advertising: industry, policy, legal and citizen perspectives (the case for intimacy). Big Data Soc. (2016) 3:1–11. doi: 10.1177/2053951716666868

49. McStay A. Emotional AI, soft biometrics and the surveillance of emotional life: an unusual consensus on privacy. Big Data Soc. (2020) 7(1). doi: 10.1177/2053951720904386

50. Schulte-Frankenfeld PM, Trautwein FM. App-based mindfulness meditation reduces perceived stress and improves self-regulation in working university students: a randomised controlled trial. Appl Psychol: Health Well-Being. (2022) 14:1151–71. doi: 10.1111/aphw.12328

51. Hides L, Dingle G, Quinn C, Stoyanov SR, Zelenko O, Tjondronegoro D, et al. Efficacy and outcomes of a music-based emotion regulation mobile app in distressed young people: randomized controlled trial. JMIR Mhealth Uhealth. (2019) 7:e11482. doi: 10.2196/11482

52. Youssef NA, Rich CL. Does acute treatment with sedatives/hypnotics for anxiety in depressed patients affect suicide risk? A literature review. Ann Clin Psychiatry. (2008) 20:157–69. doi: 10.1080/10401230802177698

53. Cummins N, Matcham F, Klapper J, Schuller B. Artificial intelligence to aid the detection of mood disorders. In: Barh D, editor. Artificial Intelligence in Precision Health. Cambridge, MA: Academic Press (2020). p. 231–55.

54. Abdullah S, Matthews M, Frank E, Doherty G, Gay G, Choudhury T. Automatic detection of social rhythms in bipolar disorder. J Am Med Inform Assoc. (2016) 23:538–43. doi: 10.1093/jamia/ocv200

55. Anzulewicz A, Sobota K, Delafield-Butt JT. Toward the autism motor signature: gesture patterns during smart tablet gameplay identify children with autism. Sci Rep. (2016) 6:31107. doi: 10.1038/srep31107

56. Taffoni F, Focaroli V, Formica D, Gugliemelli E, Keller F, Iverson JM. Sensor-based technology in the study of motor skills in infants at risk for ASD. 2012 4th IEEE RAS & EMBS International Conference on Biomedical Robotics and Biomechatronics (BioRob) (2012). p. 1879–83.

57. Bedi G, Carrillo F, Cecchi GA, Slezak DF, Sigman M, Mota NB, et al. Automated analysis of free speech predicts psychosis onset in high-risk youths. NPJ Schizophr. (2015) 1:15030. doi: 10.1038/npjschz.2015.30

58. Corcoran CM, Cecchi GA. Using language processing and speech analysis for the identification of psychosis and other disorders. Biol Psychiatry Cogn Neurosci Neuroimaging. (2020) 5:770–9. doi: 10.1016/j.bpsc.2020.06.004

59. McCradden M, Hui K, Buchman DZ. Evidence, ethics and the promise of artificial intelligence in psychiatry. J Med Ethics. (2023) 49:573–9. doi: 10.1136/jme-2022-108447

60. Lovejoy CA. Technology and mental health: the role of artificial intelligence. Eur Psychiatry. (2019) 55:1–3. doi: 10.1016/j.eurpsy.2018.08.004

61. Rigby MJ. Ethical dimensions of using artificial intelligence in health care. AMA J Ethics. (2019) 21:121–4. doi: 10.1001/amajethics.2019.121

62. Walsh CG, Chaudhry B, Dua P, Goodman KW, Kaplan B, Kavuluru R, et al. Stigma, biomarkers, and algorithmic bias: recommendations for precision behavioral health with artificial intelligence. JAMIA Open. (2020) 3:9–15. doi: 10.1093/jamiaopen/ooz054

63. Joyce DW, Kormilitzin A, Smith KA, Cipriani A. Explainable artificial intelligence for mental health through transparency and interpretability for understandability. NPJ Digit Med. (2023) 6:6. doi: 10.1038/s41746-023-00751-9

64. Straw I, Callison-Burch C. Artificial intelligence in mental health and the biases of language based models. PLoS One. (2020) 15:e0240376. doi: 10.1371/journal.pone.0240376

65. Lee EE, Torous J, De Choudhury M, Depp CA, Graham SA, Kim HC, et al. Artificial intelligence for mental health care: clinical applications, barriers, facilitators, and artificial wisdom. Biol Psychiatry Cogn Neurosci Neuroimaging. (2021) 6:856–64. doi: 10.1016/j.bpsc.2021.02.001

66. Koutsouleris N, Hauser TU, Skvortsova V, De Choudhury M. From promise to practice: towards the realisation of AI-informed mental health care. Lancet Digit Health. (2022) 4:e829–40. doi: 10.1016/S2589-7500(22)00153-4

67. Finlayson SG, Subbaswamy A, Singh K, Bowers J, Kupke A, Zittrain J, et al. The clinician and dataset shift in artificial intelligence. N Engl J Med. (2021) 385:283–6. doi: 10.1056/NEJMc2104626

68. Carr S. AI gone mental: engagement and ethics in data-driven technology for mental health. J Ment Health. (2020) 29:125–30. doi: 10.1080/09638237.2020.1714011

69. Balcombe L, De Leo D. Digital mental health challenges and the horizon ahead for solutions. JMIR Ment Health. (2021) 8:e26811. doi: 10.2196/26811

70. Miner AS, Shah N, Bullock KD, Arnow BA, Bailenson J, Hancock J. Key considerations for incorporating conversational AI in psychotherapy. Front Psychiatry. (2019) 10:746. doi: 10.3389/fpsyt.2019.00746

71. De Choudhury M, Dutta S, Ma J. Measuring the impact of anxiety on online social interactions. Proc. International AAAI Conference on Web and Social Media (ICWSM). AAAI (2018).







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Artificial intelligence in positive mental health: a narrative review

		Introduction



		Background, history and evolution of AI











		Use of AI in industries



		Understanding artificial intelligence and its application in mental health care



		Artificial intelligence and its key components











		Overview of AI applications in mental health care



		Advantages of AI applications in mental health outcomes



		Positive impact on cognitive aspects



		Intellectual and developmental disorders



		Neurodegenerative disorders



		Seizures











		Positive impact on affective/emotional aspects



		Emotional dysregulation



		Mood disorders



		Autism spectrum disorder (ASD)



		Schizophrenia



















		Critiques of AI applications in mental health outcomes: bridging the Gap



		Recommendations for improving AI applications in mental health care











		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Digital Health

Artificial intelligence in positive
mental health: a narrative review





OPS/images/logo.jpg
& frontiers | Frontiers in Digital Health





