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Artificial Intelligence and the Future of Healthcare in Nigeria: A Look at AI’s Potentials to Solve Nigeria’s Present and Future Healthcare Problems
[bookmark: _Toc8648940][bookmark: _Toc8674766]Abstract
The present status and future of healthcare in developing countries and Nigeria, in particular, is worrisome. Several extant literatures have documented the sad health indices applicable (Abdulraheem et al., 2012; Bolaji & Samina, 2018; WHO, 2018). The health workforce, for instance, cannot be more uncertain with driving factors like technological advances and changing demographics . The World Health Organisation, for instance, while recommending a doctor to people ratio of 1 to 500, estimated that at least 17.8 million more healthcare workers are needed in the world at the moment. The situation is sadly direr in developing countries than in developed ones; while United Kingdom has one doctor to less than 500 patients, one doctor would cater for over 5000 people in a Nigeria, a developing country. 
Artificial intelligence (AI) has been proved to have the potential to facilitate diagnostics and decision-making in healthcare . Its hype in recent times has spawn claims that it could be used to solve shortage of doctors’ problems as well as others in the health sector. Expectably, its adoption in stripped-down version is enjoying rapid adoption in developed countries. With this increasing buzz generated around AI and its enormous potential, can this be used to solve some of the health issues in Nigeria? If it can solve them, considering the somewhat unique circumstances in relation to western world where the use of AI in healthcare is still at the infant stage, how can it be done sustainably? These are the lingering questions that underpin this work which intends to answer them.
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[bookmark: _Toc8648941][bookmark: _Toc8674767]1. Introduction
“ ... Ever since my eye swelled up. I’ve gone to church three times a week to pray for a cure. As soon as I’m better I’m going back to thank God. I always knew He would send a way to make me better – I just didn’t know that it was going to be from London.” Anna Mobutsu, a 23-year-old farm laborer [sic], cannot imagine taking a journey farther than a few hours’ bus ride from her home in the small town of Nelspruit in South Africa. As an illiterate single parent with a 7-year-old son and an elderly mother to support on R500 (about US$56) a month, Anna does not even have a television to introduce her to a world beyond her own. “ ... But this afternoon I went to London.” (Fenster, 2000, cited in Peter & Victor, 2009, p.734)

While the statement above depicts an event in a small town in South Africa and shows the beauty of telemedicine (Peter & Victor, 2009), the same is true in Nigeria among other developing countries. Considering Nigeria’s myriads of medical problems and unique health needs, it is more important that information and communication technology be leveraged to provide succour. This is butressed in several extant literatures from both academics and practitioners alike (Aminde et al., 2018; Aye & Jin-Sang, 2015; Bolaji & Samina, 2018; Mahendradhata et al., 2014; Mejia et al., 2017) which show sad health statistics in low and middle income countries like Nigeria. For instance, while the child mortality rate in 2015 in US, UK and Canada are 0.7%, 0.5% and 0.5% respectively, those of low income countries like Nigeria, Ivory Coast and Cameroon stand at 11.2%, 9% and 9.6% respectively (Esteban & Max, 2019). This information is depicted in the table below thus:
[bookmark: _Toc7788509]Table 1: Some Key Health Indicators across Various (Six) Countries
	Health Key Indices (Year)
	Western (High Income) Countries 
	Sub-Saharan African (Low & Middle Income) Countries 

	
	USA
	UK
	Canada
	Nigeria
	Ivory  Coast
	Cameroon

	Child Mortality Rate (2015)
	0.7%
	0.5%
	0.5%
	11.2%
	9%
	9.6%

	Maternal Mortality Rate (2015)
	14/ 100k
	9/ 100k
	7/ 100k
	814/ 100k
	645/ 100k
	

	Life Expectancy (2015)
	79.2
	81.4
	82.2
	53
	53.1
	57.6


SOURCE: Esteban & Max (2019)
More so, the World Health Organization also estimated that a whopping 380.5 out of possible 1000 people in Nigeria are at risk of malaria (WHO, 2018). This is only better than Burkina Faso at 389.2 of 1000 people and Mali at 448.6, the figure from WHO (2018) shows. These health statistics show the disparity between the high income countries and the low and middle income countries like Nigeria.  
Perhaps, a direr problem  is the shortage of medical personnel  in these countries. There is not just a correlation between shortage of medical personnel and poor healthcare delivery, there is also causation[footnoteRef:2] (Neville, 2019). Though healthcare personnels’ shortage is a global problem – the World Health Organization recently estimated that the world is in need of additional 12.9 million health workers (WHO, 2013), the situation is sadly worse in low and middle income countries. For instance, while the World Health Organization (2019) estimated that for every 10,000 patients, 26.102, 28.058 and 25.948 doctors cater for them in Canada, UK and US respectively[footnoteRef:3]. These figures are in sharp contrast with that of Cameroon (2011 figure) with 0.898 doctor catering for 10,000 patients, Cote d’Ivoire (2011 figure) with 1.541 doctors catering for 10,000 and Nigeria (2013 figure) with 3.827 doctors catering for 10,000 patients. According to the recently released figures from the Nigeria Medical and Dental Council (MDCN), the government body saddled with the responsibility of regulating the medical practice in the most populated Africa country, the present doctor to patient ratio in Nigeria has become more worrisome with an average of 1 doctor catering for over 5000 people as at 2018 (Owoseye, 2019). This is against the World Health Organization’s recommendation of 1 doctor to 600 patient. More worrisomly in low and middle income countries (LIMC), the projections signal that the situation would get worse owing to a host of factors like poor remuneration; limited training and career progression; globalization, migration and ease at which doctors can move to HIC; and rapid population growth among others. Something drastic needed to be done to alter this impending global crises which is more pronounced in developing countries. One of such drastic measures is the adoption of information and communication technology (ICT) in the delivery of healthcare.  [2:  This is more nuanced. While it is generally argued that inadequate doctors can lead to bad healthcare dissemination, once physicians’ availability reaches a stage, having more wouldn’t improve healthcare outcomes ]  [3: These figures are for year 2017 for Canada as well as for UK and year 2016 for USA] 

[bookmark: _GoBack]A lot has however been published on the use of ICT to solve healthcare issues (Engelhardt, 2017; Gavurová, et al., 2018; Ilorah, et al., 2017; Kshetri, 2011; Ovretveit, et al., 2017; Williamson, 2016). Technologies like big data and artificial intelligence (Abouelmehdi, et al., 2018; Garattini, et al., 2019; Olshannikova, et al., 2015), cloud computing (Achampong, 2013; Hanen, et al., 2016; Mirza & El-Masri, 2012; Navale & Bourne, 2018; Varga, 2015), and blockchain (Engelhardt, 2017) among others (Peter & Victor, 2009) have featured prominently – especially in recent times – on its application to solving healthcare problems. Most of these research works however placed greater emphasis on high income countries like USA, UK and Canada among others giving further credence on the need to look at low and middle income countries like Nigeria and its future considering the potential influence of the aforementioned technologies. One technology that has particularly generated buzz from both academics and industry leaders alike because of its importance to several industries is artificial intelligence (AI). Drawing from successes in extant research, practical use of AI, though at its infant stage, has also gained momentum. It’s adoption for the future of healthcare delivery in various segments like precision medicine in general (Mesko, 2017), precision cardiovascular medicine (Krittanawong et al., 2017), healthcare delivery (Reddy et al., 2018), and cardiopulmonary resuscitation (CPR) (Ringold, 2015), clinical medicine (Gill-Cox, 2018) among numerous others. As the Nigeria (patient) population grows to the third most populated country in the world by 2050 as forecasted by the United Nations (Owoseye, 2019), the increasing demand on already-limited human resources would be catastrophic if not looked into. Considering Nigeria’s unique intricacies, whether the adoption of AI could help in solving the already-existing health issues remains true to be seen. It nevertheless underpins this report. The next section would provide ground work – both in previous research and practical knowledge – in undersanding the topic of discourse.
To understand the best way of successfully implementing AI technologies in Nigeria’s healthcare, one however need to have a solid grasp of the present challenges, the healthcare drivers and the future direction. Only when these are well understood do we know the problems intended to be solved with the AI technology. The next section would detail this.
[bookmark: _Toc8648943][bookmark: _Toc8674768]2. Artificial Intelligence: Overview and its Incorporation in Health Sector
From Siri to Alexa, Cortana or the much talked-about self-driving car, the application of artificial intelligence to everyday life has been enormous. This use in everyday life workflow and the sensational victory albeit in a small but telling way like defeating the best human Go and Poker players has made it an household name and popularize it’s enormous potentials . AI, which is driven by the increasing availability of (big) data and the falling cost of computing power, is an inter-disciplinary concept which lives at the intersection of mathematics, logic, mechanics, and computation. It is used in solving complex problems by mimicking or gaining human cognitive intelligence.  The field of Artificial Intelligence (AI) has its genesis with the beginning of the computer age in the 1940s (Luxton, 2014; Jones et al., 2018). As the name suggests, it was designed to perform activities that normally require human intelligence  or mimic human cognitive function . Named by the computer scientist, John McCarthy in 1956 (Ganapathy et al., 2018; Luxton, 2014) when he opined that the A in AI should stand for augmenting, amplifying, accelerating and assisting because it is meant to be a by-product of the natural intelligence which Homo Sapiens are endowed with, its application to everyday life and healthcare is however gaining enormous momentum. In fact, Ganapathy et al., (2018) opined that the future of healthcare and medicine in all areas (of precision, preventive, participatory, predictive and personalised faces) would be mostly dominated by AI technology which could take different forms like physical machines, standalone or distributed computer software, robotics, engineered brain-computer interfaces and lots more
The potentials of Artificial intelligence can however be attributed to its various components, disciplines and/ or types. These are machine learning which can either be supervised or unsupervised, deep learning which refers to the “ability of artificial neural network with many layers to train themselves on recognizing patterns and classifying huge datasets” (Yu & Kohane, 2018 cited in Quan-Hoang et al., 2019, pg. 2), predictive and cognitive computing, as well as the likes of big data which they utilize in making (healthcare) decisions. Besides using the artificially-provided cognitive power in independently providing solutions to the myriads of present and future health problems, many a researchers have posited that the present and potential synergy between AI and human clinicians yield better results than either of them alone . For instance, the United Nation posited that an error of about 3.5% during human diagnosis is lowered to a meagre 0.5% when human clinical prowess is combined with the power of artificial intelligence . With promising results in the likes of health information system, epidemic and syndromic surveillance, medical imaging, predictive modelling, clinical decision support system, and geocoding health data among others, AI is believed to be transforming healthcare (Begovic et al., 2018; Hamet & Tremblay, 2017; He et al., 2019; Shaban-Nejad et al., 2018; Topol, 2019; Yu et al., 2018). 
While the classification of application intelligence varies considerably, its application in medicine can be viewed from two lenses; the virtual branch and the physical branch. According to Hamet & Trembla , machine learning and mathematical algorithm constitute the virtual branch and are further divided into supervised classification and prediction; reinforcement learning and unsupervised-pattern recognition. Quan-Hoang et al., (2019) also supported these virtual and physical classification. Ramesh, et al. (2004, cited in Quan-Hoang et al., 2019) provided an overview of the four main AI concepts that are often adopted in the virtual branch below thus: 
Figure 1: Summary of the Four Major Fields of Virtual Application of AI in Medicine
[image: ]
SOURCE: Ramesh, et al. (2004, cited in Quan-Hoang et al., 2019).   
As depicted in the table above, various applications of artificial intelligence have been rightly classified into distinct categories. These include in clinical diagnosis, image analysis, decision support systems and predictive medicine among others. Of the four techniques listed above, Ramesh, et al. (2004, cited in Quan-Hoang et al., 2019) argued that artificial neural networks (ANNs) and fuzzy techniques are more prominent in medicinal usage. Artificial neural network features prominently due to its capacity to simulate human brain’s neurological processing ability as well as to model data and weave away noise while fuzzy technique help in the provision of decision support tool like those used in the diagnosis of pathologies. 
While the use of artificial intelligence in physical line has not been as much as we’ve seen in the virtual branch, it is not any less important. The likes of AI-controlled robots in assembly line as well as autonomous robots in medical interventions are helping medical practice and healthcare in general. Yu et al.  gave some examples of these like the da Vinci surgical system for the minimally invasive procedures which was approved by the US government, supervised autonomous robotic system for suturing an intestinal anastomosis, or other autonomous robots for cochleostomy. As with the help from the virtual application of AI, the synergy between the physical line and the human prowess will also improve medical practice and healthcare in general, Yu et al.  concluded. The below are some of the applications and impacts of artificial intelligence in today’s healthcare system:
Artificial Intelligence in Drug Discovery: One of the aspects of non-clinical healthcare domains that have witnessed huge concentration of application of AI is drug discovery . With growth in computational power and accessibility to larger and more complex datasets through application of high throughput assay technology, both researchers and industry leaders have emphasized the important of AI to addressing key problems associated with drug discovery, design and development (Vijayan et al., 2019).  In this field of medicinal chemistry, AI has been instrumental in the key step of experimental validation and the critical interdependencies that must be looked into in order to enhance preclinical research productivity. AI does this by being very instrumental to identifying the genetic mutations that cause diseases as well as help predict the effects of treatments, argued Bajorath . However, there is still misconstrusion in the formulation of truly AI generated molecular design which Vijayan et al., (2019) argued must be able to “generate independently novel molecular representation [which] are drug-like and chemically sensible”. The research works done toward this have resulted in variational autoencoders (Gómez-Bombarelli et al., 2018; Yankang et al., 2018), recurrent neural networks (Segler et al., 2018; Yankang et al., 2018) and molecular graph convolution methods (Duvenaud et al., 2015; Yankang et al., 2018).  
Despite the huge potentials, Vijayan et al., (2019) however opined that the main challenges towards clinical drug discovery and production include dependency on using experimental data for validation. Values. Green et al.  also aligns with this assertion and further emphasized the need for real data from target population (each country or zone). 
In summary, deep learning, a kind of AI, does not just help in finding the cause of diseases; it can help in finding the most suitable medicine.  And it does not just help in getting new medicine; it can also be optimized for finding new uses for existing drugs
Artificial Intelligence in Healthcare Fraud and Abuse: Abuse of funds and frauds meant for the populace is bad. It is worse when the available fund is limited or insufficient as mostly applicable to developing countries like the case under review. Sadly, detecting healthcare fraud and abuse is usually done by engaging Auditors to review thousands and millions of paper works, argued . This is not just inefficient; it is ineffective and rarely catches the core frauds being perpetuated in organizations. With today’s IT packages in which data mining methods were built into it into a form of business intelligence,  it has become increasingly easier to detect fraud due to the AI-backed business intelligence IT  solution detecting irregular patterns in the health record and/ or database.
There is usually three-layered composition in this IT-based system: these are the data warehousing which juxtapose the pre-computed aggregates with previously predefined rules; the OLAP (online analytical processing) which also juxtapose but across multiple objects say records of five physicians; and the core data mining methods (Kumar et al., 2010; Li, et al., 2008 cited in Joudak, et al., 2015). Despite the fact the errors in the legacy systems are susceptible to fraud and abuse, the use of an intelligent solution remains low especially in developing countries, Li, et al. (2008, cited in, Joudak, et al., 2015) concluded.
Artificial Intelligence in Neurosciences: There are many potential applications of artificial intelligence in neurosciences. According to Ganapathy et al.’s  clinical perspectives, AI is causing a paradigm shift in the likes of seizure disorders, neurological occupational therapy, neuro-oncology, neuro-traumatology, imaging services, stroke, facilitated smart devices and neurorehabilitation among others. AI has the potential to change how all these are being run. 
Artificial Intelligence as a solution to Health Workers’ Shortage: A seemingly existential global health problem is the shortage of physicians, nurses and other medical workers which is well documented in extant literature . While the shortage is more intense in developing countries like Nigeria, it is however a global problem. According to the United Nation’s World Health Organization, the world needs an additional 17.8 million physician for universal health coverage. With the advent and adoption of artificial intelligence, one of the discourses that have generated immense argument is whether AI can or would replace physicians. Of course, the potential is huge; the practical application is however at its infant stage. While the salient question remains, one thing is sure though: it can help the physicians in many ways as discussed above. And it can surely relieve the health workers some of the most complex and time-consuming tasks they are used to.  
To have a solid grasp of this, imagine the application of AI in image recognition and the hundreds of voids this could fill. Practical results from experiments performed at Google for instance showed that AI might make predictions or recognize disease as effectively as the best of physicians or even better than them. During this experiment performed using Convolutional Neural Network (CNN) machine learning, Google’s team headed by Liu, demonstrated that AI achieves an image-level AUC score of above 97% on both independent set and Camylon16 test. Similarly, in all test carried out by others: Esteva et al.’s (2017) review of CNN against 21 board-certified dermatologists in which AI perform skin cancer classification in the equivalent of the best of specialist dermatologists; Dawes et al.’s  review of cardiac MRIs which he found AI’s  better than conventional practice  among others.
Besides image recognition, AI has outperformed the best of specialists (humans) as well as legacy systems in patient triage systems , predictive analytics and personalized clinical support  among the aforementioned others.        
Artificial intelligence has also been useful in other varieties of clinical and non clinical spaces. This includes its use in clinical decision support system which Khanna  described as helping the physicians to make decisions; in predictive medicine as well as in taking care of various diseases.
[bookmark: _Toc8648942][bookmark: _Toc8674769]3. Healthcare in Nigeria: The Problems and the Future Challenges
In Nigeria as with other parts of the world, healthcare is as old as human race. Before the arrival of western explorers, traditional medicine was the order of the day with herbalists, bone-setters, spiritualists and divine healers among others being the popular medical practitioners. When someone is sick, the often simplistic explanation, and ignorance, of the origin of the disease that it is either from a person’s enemy or divine punishment for a committed sin was widely accepted. This allows for the wide acceptance of traditional medicine which was largely unstructured and unorganized. Centuries after this period however, things have largely changed and while traditional medicine remains practiced and recognized by the government in Nigeria[footnoteRef:4], orthodox medicine has paved the way. [4:  This is recognized as Alternative Medicine in Nigeria. It is recognized by the Medical and Dental Council of Nigeria (MDCN), the government’s body responsible for regulating medical and dental practice in the country.] 

The origin of orthodox medicine can however be traced to the western traders and explorers during trade interactions and colonization among others. With the blossoming of trade, explorers and colonisers came with their physicians who spread the modern practice. However, as at the time of Nigeria’s independence in 1963, healthcare was primarily curative and exclusive to the urban areas . The 1970’s and 1980’s witnessed dramatic changes and rapid expansion of healthcare system in Nigeria with the introduction of health management board at both state and federal level (Abdulraheem, et al., 2012; Adeyemo, 2005 cited in Ogunlela, 2011; Obembe, et al., 2014) due to bureaucratic problems (Abdulraheem, et al., 2012), the development and promulgation of National Health Policy in 1986 and 1988 respectively , and the expansions of Primary Health Centres (Abdulraheem, et al., 2012; Obembe, et al., 2017; Ogunlela, 2011). One thing that is, however, clear from the narratives of different authors is the huge importance of Professor Ransom Kuti’s work on Nigeria’s healthcare system 
Healthcare administration in Nigeria aligns with the adopted federating system of governance in the country which divides it into federal, state and local government . In healthcare, the management and financing of healthcare is divided along primary, secondary and tertiary system of governance which correspond to, and controlled by, the local governments (which are 774 in the country), state governments (36 in the country with the Federal Capital Territory (FCT)) and federal government (only one) respectively. Besides the private health which can be non-governmental organizations (NGOs), community-based health interventions, for-profit organizations and faith-based organizations, the public health centres (PHCs) are the entry point into healthcare into the country. . 
These public health centres, run by the local governments, are usually manned by nurses and community health workers with limited medical expertise as against secondary health provision with general hospitals manned by specialized health specialists and tertiary health care with the most sophisticated healthcare . However, the design of this three-tier healthcare system is to facilitate referrals from primary health care (run by the local governments), to general hospitals (run by the state governments) and, finally, to federal medical centres and teaching hospitals (run by the federal governments of Nigeria). Although, public healthcare dominated the nation’s healthcare provision, the private healthcare facilities play significant role in healthcare funding and dissemination. Healthcare system in Nigeria is depicted below thus:

[bookmark: _Toc7788501]Figure 2:  Organization of Primary Healthcare Delivery in Nigeria
[image: ]
SOURCE: Uzochukwu

The tertiary healthcare provider, federal government ministry of health, is however the main driver of healthcare provision in that they do not just provide solutions to the most complex health problems; they are the highest body of policy maker whose leadership and stance affects the whole health sector in the country. With the sad present-day indicators and growing diffusion of technological innovation, it isn’t preposterous to say healthcare provision needs a thorough reform. 
Healthcare in different countries are beset with seemingly disparate problems which are simultaneously challenging and unsettling (Graham, 2010). Of course, there might be uniformity on some of the associated health issues, the countries are however affected differently. Understanding the inter-connected of the possible broader changes and drawing viable solution to them often separates the leaders and followers in healthcare dissemination (Airoldi, 2013; Baltussen et al., 2017). These developments and future challenges might draw insights from issues that are outside direct healthcare boundaries but which are nevertheless important to solving the possible future conundrum. Below are some of the burning healthcare challenges in Nigeria:
Demographic Changes: The health needs of a population cannot be measured without understanding its size and characteristics (Addicott, 2012; Chase, 2017; Leone, 2010; McCrory et al., 2010). Leone (2010) posited that this would enable proper healthcare planning. However, one of the noticeable differences in recent demographic data is the constant changes in the world population. While population in some countries like China are decreasing, the population of Nigeria is increasing at one of the fastest rate. By 2050 for instance, the United Nations projected the population of Nigeria to have increased from the present-day estimates of 200 million (Worldometers, 2019) to about 411 million people effectively making it the third most populated country in the world (Provost, 2013). By 2100, thus figure would further increase geometrically to about 900 million people, the UN projected. While the high population growth can be conventionally attributed to the product of the country’s high birth rate, increased life expectancy and declining mortality rate, these figures are not necessarily good in Nigeria. In fact, they are worst than most countries (Esteban & Max, 2019) and the high population growth is truly because of having a youthful population as against the ageing population of most of the world over. 
With a doctor to patients’ ratio of 1 to over 5000 people when the population is 200 million, a population of 411 million and 900 million in 2050 and 2100 respectively without drastic measures would be catastrophic. This is as the United Nation’s recommendation is 1 doctor to 600 people.
International Emigration and Economic Globalization: There is increasing emigration of medical doctors (general physicians) from Nigeria to western countries most UK, US, Canada and Australia which are regarded as the top destination of Nigeria’s medical doctors. The emigration is so bad that 9 in 10 respondents in an online poll (NOI Poll) said they want to leave the country (NOI Poll, 2017) citing reasons like poor enumeration, high taxes and deductions, poor working environment, poor government and low work satisfaction among others (Sveinsson, 2015). John Onyebueze, a former president of the National Association of Resident Doctors in Nigeria, while explaining the reasons doctors leave Nigeria, argued that “the last three years have been particularly bad for the health sector. There has been poor funding and general neglect. Doctors in Nigeria are frustrated because hospitals lack equipment.” (Egbejule, 2019).
Every week, Nigeria loose about 12 doctors trained in Nigeria to the United Kingdom alone making Nigeria-trained doctors in the UK around 5250 (Egbejule, 2019). Concomitant with this is those leaving for the United States and Canada as well as the likes of Saudi who are driving aggressive recruitment from Nigeria. The reason these countries employ them can not be far-fetched.According to a report from Mo-Ibrahim Foundation, a doctor cost an African country between $21,000 and $51,000 to train. This amount is heavily subsidized by Africa countries which loose this once the trained doctor pick up offers from these western nations, Egbejule (2019) concluded.
Others: There are numerous other healthcare future challenges that need to be looked at. These include the threat of conflicts and terrorism which affect some region and prevent healthworkers from working there, lifestyle related health issues, outdated healthcare structure, low government interventions and outdated policies, growing social and health inequalities, increasing need for personalized healthcare and precision medicine, rising health cost and threats from pollution and climate change among others.
Summarily, the aggrate of the potential future challenges were depicted in the figure below. When one factor in the future challenges that would be shaping the dissemination of healthcare in the country, one will understand that Nigeria is not well poised to cater for the evolving healthcare needs of its citizens.
[bookmark: _Toc7788502]Figure 3: Summary of healthcare future challenges
[image: ]
SOURCE: Own diagram
In summary, the aggregated of the Nigeria’s health problems, the drivers and the future challenges have been reviewed. This would allow one to understand where and how best to implement AI to solve the country’s health problem.
[bookmark: _Toc8648944][bookmark: _Toc8674770]4. Practical Application of Artificial Intelligence in Nigeria’s Healthcare and Recommendation
[bookmark: _Toc8674771]Issues on Practical Application and the Theories of Adoption
The rapidly decreasing cost of computing power and the availability of big data are two most important drivers of the increasing use of artificial intelligence in the world. This huge computing power provides platforms needed to analyze sources like electronic health records, connected sensors, wearable, pathological images, scan tests among others. Having highlighted the health problems as well as the sector drivers and future challenges unique to the country, it is high time we looked at how this technology can be leveraged to provide solutions to the myriads of Nigeria’s health problems as well as the future challenges. 
Despite the huge potentials of artificial intelligence, the adoption however remains small as it is still at infant stage. However, big companies and developed countries alike are working on varieties of AI solutions which could potentially transform their companies and countries respectively. For example, Deep Mind is working in association with the National Health Service (NHS) in the United Kingdom to develop AI applications which would link several London hospitals’ electronic health records. Besides Deep Mind, the United Kingdom also has partnership with Babylon Health to develop AI-backed telemedicine solution which was trialled and eventually in use in United Kingdom for better healthcare dissemination. Besides UK, several other western nations have done this. Similarly, a host of companies are in a battle to win the AI in healthcare battle. Besides the individual efforts, five of the biggest technology companies in the world in Google, Microsoft, Facebook, Amazon and IBM have partnered to collaboratively chart the future direction in artificial intelligence research . While the likes of Apple and Open-AI, an Elon Musk owned and $1billion backed AI research lab were left to their individual efforts. 
Irrespective however, the dynamics here showed the effort being concentrated in the developed countries and not the developing ones like Nigeria. 
More so, while AI has the potential to transform healthcare in Nigeria as with other developing countries, the lingering question is: how can we get it done or better rephrased, what are the most suitable recommendations having factored in a lot of peculiar issues as highlighted in the preceding sections? 
As argued by Quan-Hoang et al. , AI cannot be adopted individually without looking at the technology in place in the place or country. 
The concept of technology adoption is however a well researched one with roots in several theories or models which are foundational to the understanding of the factors affecting adoption of technology in a country (Fan et al., 2018; Gücina & Berka, 2015; Holden & Karsh, 2010; Hoque, 2016; Lin et al., 2014). These are the Technology Acceptance Model (TAM) which was proposed by  Davis , Theory of Reasoned Action (TRA) which pioneered the field and made known by the work of Fishbein & Ajzen  and Theory of Planned Behaviour (TPB) which was also built from TRA like the aforementioned TAM and made popular by Ajzen (1985, 1991). Others are the Theory of Innovation Diffusion (TID) (Zuiderwijk et al., 2015), Unified Theory of Acceptance and Use of Technology (UTAUT)  and Technology Organization and Environment (TOE) among numerous others. All of these theories investigated constructs that are factors underpinning the reason people adopt technology of various kinds. 

While Fishbein & Ajzen  submitted that subjective norms and attitudes are the two main postulates of the Theory of Reasoned Action (TRA) ultimately determining adoption behaviour, Ajzen (1985, 1991) posited in the Theory of Planned Behaviour that in addition to the aforementioned two constructs of the Theory of Reasoned Behaviour, Perceived Control is an important factor. The Technology Acceptance Model (TAM) was also based on TRA (Davis, 1989). Davis (1989) postulated that perceived usefulness and perceived ease of use are the two important constructs that ultimately affect the adoption of technology. Venkatesh et al.  argued that the Unified Theory of Acceptance and Use of Technology  (UTAUT) is an amalgamation of TRA, TPB, TAM and TID models and as such make the investigated constructs of UTAUT encompass the constructs of these individual models/ theories. TID believes that features like innovation, trialability, complexity, compatibility, and observability determine the acceptance of the associated technology. A brief description of these theories is depicted in the table below thus:
Table 2: Summary of Technological Adoption Theoretical Models
	THEORY/ MODEL
	SUMMARY

	Theory of Reasoned Action (TRA)
	A person’s intention to adopt technology, in this case artificial intelligence, is determined by the person’s personal attitude which can either be favourable or unfavourable as well as the subjective norms towards the said technology.

	Theory of Planned Behaviour (TPB)
	In addition to person’s personal attitude which can be favourable or unfavourable and the subjective norms, the perceived behavioural control makes the TPB awesome. 

	Technology Acceptance Model (TAM)
	Here, a person’s intention to adopt technology is simply owing to perceived usefulness and perceived ease of use. 

	Theory of Iinovation Diffusion (TID)
	This theory places the adoption of technology in a sequence which categorise the level at which the adoption is at. It can be innovators, early adoptors, early majority, late majority and laggards. 

	Unified Technology Acceptance and Use of Technology
	This is an amalgamation of the earlier four models of TRA, TPB, TAM and TID. The constructs here are performance expectancy, effort expectancy, social influence and facilitating condition.


 
Judging from the review of the models above, Holden & Karsh  opined that TRA, TPB, TRA and TID are mostly adopted for individual use as against TOE which is normally used for organizational level analysis. The Technology Organization Environment model is particularly useful here as it let one understand the intricacies peculiar to the Nigeria’s settings but different to others. For instance reviewing through the technology entails all the technologies already in use or those that would be needed in anticipating for the technology (AI) for adoption. In Nigeria for instance, that would most possible include more internet facility to be provided to remote villages depending on the AI backed health solution under discourse. Same is applicable to organization and environment .   
In studies involving the factors affecting the adoption of technology, several re-occurring themes usually occur which are constructs of the aforementioned models or theories. Several extant literatures have particularly highlighted perceived usefulness (PU) (Holden & Karsh, 2010; Hoque, 2016; Lin et al., 2014), perceived ease of use (PEOU) (Fan et al., 2018; Gücina & Berka, 2015; Lin et al., 2014), social influence (Zuiderwijk et al., 2015; Kim et al., 2015), performance expectancy (Zuiderwijk et al., 2015; Kim et al., 2015), security and privacy (Gupta & Heng, 2010; Kim et al., 2015) among other important constructs affecting the adoption of various health tech technologies. These needed to be factored in during recommendation and implementation.   

[bookmark: _Toc8674772]Recommendations 
The advent of artificial intelligence is a game-changer to a host of industry including health care. With artificial intelligence, hazards can be avoided more and mitigated. While the technology is at its infant stage and can’t be left unsupervised in some of the task, it can help the physicians to a great deal to cover for the mounting void left by the unavailability of doctors in the country. Despite numerous use cases of the technology, several challenges have been on Nigeria’s healthcare (These are highlighted in the third section). This section however aimed at giving recommendations on the best possible way this journey can be charted. 
A lot of work needed to be done on the regulatory environment. The basis has to be to strike a perfect balance between protecting the physicians and promoting growth and innovation using AI. The Medical and Dental Council, the body regulating medical and dental practice in the country, should review guidelines on the appropriate use of AI and make such available for physicians. More so, there is no adoption of electronic health or medical record among (public) hospitals in Nigeria. How then would one be able to collect the needed data for AI to work on? Or on what layer would the AI be built to analyze results and findings? This needs to be looked at.
Besides making regulation regarding the use of technology and communicating same to the physicians, the organizational structure of Nigeria’s public health is structured for failure and no smooth communication.  The primary health care centres which are the first point of call for citizens who need medical treatment are manned by people who are not expertly trained as most physicians are at the secondary and tertiary level (please, refer to the section three to see the organizational structure of the health system in Nigeria). Besides the lack of adequate training, there is also lapses in communication should there be need to transfer a patient directly from Primary health Centres to tertiary hospitals. The system was designed to allow for incremental communication without any leapfrog i.e from Primary health centres to secondary hospitals and tertiary institutions. 
Considering that there are 36 different states each with different ways of getting things done and plethora of ways, it is only advisable to synergize and build a standard by which all state health care would follow so as to allow for uniformity in data to be processed by the AI system. 
Another important one is training, education and medical research which would be very important with the adoption of artificial intelligence. The adoption would simply make it inevitable to see to constant training of the staff especially those that would interface with the service users. More so, considering that AI is ideally suited to analysing big chunk of data, there is needed to collect as much data as possible during medical service. This collected data would be used for medical research.  
More so, during the process of using AI enabled healthcare solution, the clinician should try as much as possible to communicate the perceived usefulness of the solution very well to the patient. Several research work have emphasized that perceived usefulness is the most important and the key driving factor affecting the adoption of health information technologies (Fan et al., 2018; Holden & Karsh, 2010; Hossain et al., 2019). However, while this is so, the perceived ease of use and security should be looked at properly during the AI health solution development. While looking at the importance of perceived ease of use, Gücina & Berka (2015) posited that PEOU is not of the utmost importance if sufficient technical assistance is provided. This statement shed importance on the technical know-how of the target population that would use the product. In a country with one of the lowest literacy rate in the world, I won’t find it surprising if PEOU is more important than imagined and would be recommended to be factored in more. 
[bookmark: _Toc8648947][bookmark: _Toc8674773]5. Summary and Conclusion
Artificial intelligence has been recognized as one of the most important technologies in recent times. In most developing countries like Nigeria, the shortage of health care workers has increased the health burden of the few ones available and increased the mortality of patients suffering from various diseases. With artificial intelligence, the potential is huge in reducing the time, cost and medical error among others. 
In the future, the number of doctors would not be increasing significantly much; sadly the population would be growing massively that by 2050, Nigeria would become the third most populated country with a population of over 400 million from its current 200 million .  This will place a heavy burden on the already overburdened physicians. With the rightful adoption of artificial intelligence, this burden can be eased while providing utmost quality healthcare. 
Artificial intelligence, a technology, that mimics human brain has many components and as such can perform the most complex operations faster. Khanna  opined that though the system is equipped with human knowledge, it would never replace human owing to the need to always monitor the system. Example includes casual associational network (CASMET) which is used in building expert system for the diagnosis and treatment of various diseases. Other examples of AI include fuzzy logic, convolutional neural network (CNN) built by Google and lot’s more.
Besides building, the country wise application of this solution to solve the healthcare problem is more nuanced. Quan-Hoang et al.  posited that it has to be reviewed with the technology adoption in the country. Several factors however affect the adoption of technology. These include the perceived ease of use, perceived usefulness, social influence, performance expectancy, effort expectancy, and facilitating condition among others. These constructs have theoretical underpinnings in a host of foundational theories or models like the Theory of Reasoned Action, Theory of Planned Behaviour, Technology Acceptance Model, Technology Organization Environment, and Unified Theory of Acceptance and Use of Technology. 
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