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Highlights 

 

 Task shifting is often conceptualised as task-transfer from high to lower-skilled workers.  

 A more comprehensive framework of, and approach to, task shifting is needed. 

 There is evidence in support of task shifting, challenging rigid professional boundaries.  

 Task shifting has the potential to contribute to health systems strengthening.  

 Task shifting requires adequate planning, resources, education, training and 

transparency. 

Abstract 

 

Globally, health systems are faced with the difficult challenge of how to get the best results 

with the often limited number of health workers available to them. Exacerbating this 

challenge is the task of meeting ever-changing needs of service users and managing 
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unprecedented technological advances. The process of matching skills to changing needs and 

opportunities is termed task shifting. It involves questioning health service goals, what health 

workers do, asking if it can be done in a better way, and implementing change. Task shifting 

in healthcare is often conceptualised as a process of transferring responsibility for ‘simple’ 

tasks from high-skilled but scarce health workers to those with less expertise and lower pay, 

and predominantly viewed as a means to reduce costs and promote efficiency. Here we 

present a position paper based on the work and expertise of the European Commission Expert 

Panel on Effective ways of Investing in Health. It contends that this is over simplistic, and 

aims to provide a new task shifting framework, informed by relevant evidence, and a series of 

recommendations. While far from comprehensive, there is a growing body of evidence that 

certain tasks traditionally undertaken by one type of health worker can be undertaken by 

others (or machines), in some cases to a higher standard, thus challenging the persistence of 

rigid professional boundaries. Task shifting has the potential to contribute to health systems 

strengthening when accompanied by adequate planning, resources, education, training and 

transparency. 

Introduction 

One of the most difficult challenges facing those responsible for healthcare, at every level from 

the individual clinic to the system as a whole, is how to get the best results with the often 

limited number of health workers available to them. Almost every country faces shortages of 

health workers[1] and those they have are often poorly matched to health needs, both 

geographically and in terms of skill mix.[2] To add to the problem, those responsible for 

training, recruiting, deploying, and retaining health workers are aiming at a moving target as 

changing health needs, such as increasing numbers of frail older people with multimorbidity,[3] 

and changing opportunities to intervene, for example due to advances in technology or new 

approaches in care, such as ‘goal-oriented care’,[4] demand new skills and roles, and 

technology rendering some existing ones obsolete.  

The process of matching skills to changing needs and opportunities is termed ‘task shifting’. 

It involves questioning what health workers do, asking if it can be done in an improved way, 

and implementing change.  This position paper summarises key findings from a report for the 
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European Commission[5] conducted by the European Commission Expert Panel on Effective 

ways of Investing in Health. It offers a new framework for thinking about task shifting and 

makes a series of recommendations based on a review of relevant evidence, drawn mainly on 

peer-reviewed literature (where possible from systematic reviews and set out in the original 

report), supplemented by the expert opinion of the working group. It is intended as a tool to 

aid those involved in planning, management, and regulation of the health workforce and 

related research to approach the concept of task shifting in their different roles, highlighting 

the complexity of the topic, providing examples of barriers and facilitators to appropriate task 

shifting and the role of governance and evaluation. While the paper is directed primarily at 

those working in high-resource settings, the evidence drawn upon came from high, middle 

and low-income settings and some of the main themes discussed (e.g. the need for patient 

participation and strong governance) will apply in all settings. 

 

Task shifting: a new framework 

In both the academic literature and in discourse on health service management, task shifting is 

often seen as a process of transferring responsibility for ‘simple’ tasks from highly-skilled but 

scarce health workers to individuals with less expertise and, correspondingly, less pay. It is 

primarily seen as a means to promote efficiency. We contend that this is over simplistic. First, 

there may be tasks that would be better performed by health workers with more skills, and 

higher pay, than at present. Second, the concept of a linear professional hierarchy is outdated 

and can undermine health care, with increasingly complex treatment being delivered by teams 

in which each member makes a distinctive contribution. Third, there is growing recognition of 

the value of patient empowerment, for example the idea of the “expert patient”, in which 

individuals (or in some cases their carers) take on an increased responsibility for their 

management. Finally, technological advances offer growing possibilities to shift tasks from 

health professionals, and in some cases patients and their carers, to machines. These 
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considerations give rise to our framework (Figure 1), which goes beyond the traditional, more 

limited, focus on shifting tasks among different groups of health workers.  

Drawing on earlier work by Sibbald et al.[6], we propose that each type of task shifting can 

involve three broad sets of changes to roles: enhancement, substitution/delegation and 

innovation. Enhancement involves expanding the depth and breadth of a role, which can be of 

a health worker or a patient or carer, with the acquisition of new skills and competencies. 

Substitution and delegation involve the transfer of responsibility of a task or role traditionally 

associated with one type of health worker to another or to a patient or carer. For example, many 

roles once reserved for physicians are now undertaken by nurses. Delegation implies a transfer 

to a ‘lower’ point in a hierarchy. Innovation involves the introduction of a new set of roles or 

tasks, for example following adoption of a new technology or a new diagnostic or therapeutic 

strategy (such as evidence-based medical guidelines allowing specialist nurses to take 

responsibility in chronic care for a variety of conditions), which sometimes involves creation 

of a new occupational group. For example, radiographers emerged following the discovery of 

x-rays. More recent examples include nurse specialists, phlebotomists, physicians’ assistants 

and community health workers.  

Task shifting can, at times, be a planned process, involving the formal definition of new roles, 

adoption of new training programmes, and a programme of implementation. More often, it is 

an incremental process. Thus, a task may be delegated to another health worker in response to 

staff shortages before being accepted as the norm.  

There are many examples of how health workers responded to changing patterns of disease by 

adopting new, enhanced, roles, as happened with orthopaedic surgeons faced with a decline in 

spinal tuberculosis and paralytic polio and the opportunities offered by joint replacements. 

Given these circumstances, much task shifting remains unevaluated. This may not be a problem 

as, in many cases, it will be self-evident that a particular task can be done by someone else, 
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especially where it has traditionally been reserved for a particular profession because of 

financial incentives. Thus, even now, in some countries, nurses and pharmacists are prohibited 

from giving vaccinations.[7] There are also many areas where non-physicians have been shown 

to perform at least as well as physicians, and sometimes better, when processes can be 

standardized and when assessment considers measures of communication and patient 

satisfaction. Examples include pharmacists managing anticoagulant therapy,[8,9] expanded 

roles for midwives,[10] and in certain situations, prescribing by non-medical prescribers.[11] 

In other cases, especially where the tasks being shifted are more complex, more caution is 

needed. Thus, there is a growing body of evidence documenting the effectiveness of nurse-led 

clinics, with those managing uncomplicated chronic diseases often achieving better results than 

those conducted by physicians.[12] However, this is not the case where the conditions are 

severe or complex.[13] Some changes that seem intuitive, such as an enhanced role for 

ambulance workers, have produced mixed findings[14–16] and the most recent 2014 Cochrane 

review found no evidence in favour of advanced life support training for this group.[17]  

While much of the existing research has asked whether one type of health worker gets results 

that are as good as, or better than, another, in some cases linked to a comparison of costs, it is 

also important to take a broader perspective, seeking, in particular, unintended consequences. 

Thus, viewed narrowly, delegation of tasks from nurses to less skilled workers such as 

healthcare or nursing assistants, may seem desirable on grounds of cost savings, but it may be 

associated with greater absenteeism or reduced ability to respond when problems arise. A 

growing body of evidence shows an association between more registered nurses and better 

patient outcomes in hospital care.[18–21] 

It is also important to consider how the introduction of new occupational groups impacts on 

existing ones, as otherwise it may be difficult to achieve the optimal skill-mix required to 

ensure benefits are realised.[22]  
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Context matters. Occupational labels, such as ‘nurse’, may fail to capture the international 

diversity in skills and competencies. Legal and regulatory regimes also vary, as does the case-

mix of patients treated in superficially similar settings and their expectations of those fulfilling 

particular roles.[23–31] Thus, research undertaken in one setting may not be applicable to 

another. Generalising research can be especially problematic when shifting tasks from health 

workers to patients and carers. In Europe, for example, analysis of Eurobarometer data found 

markedly different patterns of informal care, with four dominant “clusters” of countries, 

reflecting their funding of formal long-term care and traditional norms concerning who 

provides care, particularly in old age.[32]  

While the role of the ‘expert patient’ is increasingly accepted in many health systems, the 

ability of a patient to assume this role may depend on what other support is available to them, 

especially if they are unable to work and at times when they are especially vulnerable, as when 

transitioning from adolescent to adult care systems.[33,34] 

Finally, the aspect of task shifting where change is occurring most rapidly, at least in some 

health systems, is the transfer of tasks from humans to machines. Examples include automation 

of many activities undertaken in laboratories, initially involving autoanalyzers that generated 

a series of biochemical measurements but now extending to the use of artificial intelligence, 

for example to process cytology images or help interpret radiology images. Conversely, 

innovation can lead to highly skilled health workers taking over many time-consuming 

administrative roles, for example entering data that once would have been handled by 

secretaries and clerks. Similarly, patients are increasingly having to navigate online booking 

systems. Meanwhile, innovations such as wearable monitoring technology is generating a vast 

amount of additional data, which someone or something then has to process.[35] To be of use 

and have an impact, collected data must be analysed and done so correctly by those trained in 

handling this type of data.  
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The evidence: what can be shifted and between whom? 

The evidence reviewed in the following sections is from a variety of sources. Where possible, 

systematic reviews were synthesised. In some areas, such as shifting tasks to machines, a 

rapidly changing field with great diversity, an iterative approach was adopted to identify studies 

that could act as exemplars of particular topics and issues. Table 1 lists the reviews used to 

inform each element of the framework.  

 

Substitution from doctors to nurses  

The transfer of tasks from doctors to nurses has been subject to considerable research, although 

mostly limited to a few countries. This likely reflects how these two groups are the archetypal 

health professions and how the medical profession has, historically, tended to guard its 

privileges. The studies do, however, vary in the methods used, the task(s) shifted, and outcomes 

assessed.  

We begin with studies undertaken in primary care. While heterogeneity of outcome measures 

precluded data synthesis, a Cochrane review of 16 studies found that, in general, nurse-led care 

for both first contact and ongoing management of specific chronic conditions led to no 

appreciable differences in health outcomes, resource utilisation, or cost.[36] Of note, while it 

was concluded that nurses can deliver care that achieves comparable outcomes to primary care 

doctors, given appropriate training, most studies were under-powered and introduction of 

nurse-led care may not be cost saving as it addresses previously unmet need or generates 

additional demand.[36] Other areas where nurse-led care has been shown to be as good as or 

superior to that provided by physicians includes weaning patients from ventilation, where a 

systematic review of three studies found significant reductions in intensive care unit and 
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hospital stay and a non-significant reduction in the duration of mechanical ventilation.[37] Four 

studies found no difference in outcomes with nurse and physician-led care of obstructive sleep 

apnoea.[38] A Cochrane review, comprising two studies assessing accuracy of nurse-led 

preoperative assessment (historically assigned to doctors), found no evidence of difference in 

performance or cost.[39]  

Enhancing the roles of nurses 

The literature on enhancing the role of nurses is mixed and is likely context dependent. A 

Cochrane review of hospital nurse staffing models found no clear evidence of reduced 

mortality, emergency department attendances or readmission rates associated with addition of 

specialist nurses but length of stay and incidence of pressure ulcers was reduced.[40]  

Reviews of nurse-led care for chronic renal disease,[41] cancer care,[42] and palliative 

care,[43] all found mixed results, both successful and unsuccessful, varying among outcome 

measures (e.g. overall health outcomes, quality of life, disease progression, costs). Several 

other reviews explore enhanced nursing roles in rehabilitation post cardiac surgery, intensive 

care, and management of heart failure.[44–47] Again, results vary. One systematic review 

explicitly examined the quality of economic analyses of implementing clinical nurse specialists 

and nurse practitioners in inpatient care but found that they were generally poor.[48] 

Enhancing the roles of pharmacists 

A combination of expansion of the pharmacological armamentarium and increasing prevalence 

of multimorbidity has increased the complexity of treatment for many patients, increasing the 

risk of side effects and interactions. The role of pharmacists has also changed with mass 

production of medicines absolving them of responsibility for compounding bespoke products. 

Instead, in many countries they are adopting an enhanced role in medicines management. 

While many aspects of this process go beyond the scope of this paper, systematic reviews of 
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studies evaluating the impacts of enhanced roles for pharmacists within the clinical team have 

generally found that pharmacists engaged in medicines management achieve better results than 

when it is done by physicians, often within a rushed consultation.[49–56] This is also found in 

the more specialised area of paediatric care, with improved understanding of medications, 

adherence, patient satisfaction, and disease control.[57] 

Substitution in prescribing  

A Cochrane review of 46 studies of prescribing by non-doctors in primary and secondary care 

concluded that, in certain settings, non-medical prescribers, practising with varying but 

generally high levels of prescribing autonomy, often supported by protocols, were as effective 

as care delivered by medical prescribers.[58] This conclusion was supported by another 

systematic review of three randomised control trials in two countries.[59] 

Innovation in models of care and other forms of task shifting 

New models of care can include shifting of tasks between professionals or teams. While this 

may take many forms, prominent examples include, multidisciplinary lung cancer teams, where 

a review finds a paucity of evidence,[60] fracture liaison services, where better care was 

associated with multidisciplinary involvement, an assigned case manager, multifaceted 

interventions, and regular assessment and follow-up,[61] and vascular access teams, where 

there is a lack of evidence of improved clinical outcomes or patient experience.[62] 

Further studies have explored the impacts of task shifting in the context of maternal and child 

health and communicable and non-communicable diseases,[63] initiation and maintenance of 

anti-retroviral therapy,[64] and management of musculoskeletal presentations in primary 

care.[65] While these studies generally found little difference when care was delivered by a 

worker other than a doctor, research on management of HIV in Africa suggested a small 
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increase in risk of death, but where care was initiated by doctors, with nurses preforming 

follow-up, there were no differences in follow-up or survival.[64] 

While the evidence base is far from comprehensive, both in scope of practice and range of 

settings, there is a growing body of evidence that certain tasks traditionally undertaken by 

physicians can be undertaken by others, in some cases leading to a higher standard, thus 

challenging the persistence of inflexible professional demarcations. 

 Task shifting to patients 

The concept of self-management has evolved over time, as illustrated by experience with 

chronic obstructive pulmonary disease.[66] Patients were once seen as passive recipients of 

information,[67] giving rise to models of care that conferred little value,[68] with emphasis 

now placed on the patient’s viewpoint, linked to patient empowerment and skills development. 

Yet while there are many reasons, for example based on principles of agency and autonomy, 

to welcome these developments, the evidence that they improve outcomes is actually quite 

limited. While self-management does appear to be associated with improved quality of life for 

patients with stroke[69] and COPD (although self-management of exacerbations may be 

associated with greater respiratory mortality),[70] other studies offer only weak support for 

self-management of chronic diseases overall on grounds of improved outcomes. This seems to 

reflect limitations of many of the studies but also failure to address some key 

issues.[66,67,78,79,68,71–77] Similarly, while it seems intuitive that the enormous expansion 

in technology, such as apps on smartphones, to support self-management would be beneficial, 

again the evidence is decidedly limited.[72,80,81] There are some areas where it has been 

shown to be helpful, such as control of oral anti-coagulation,[82] this does not seem to be the 

case with others, such as pulse oximetry,[83] at least with existing technology and user skills. 

Task shifting to community health workers 
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In low- and middle-income countries community health workers provide a range of preventive 

interventions, especially in maternal and child health. However, while a systematic review 

found some evidence to support their role in delivering specific services such as psychosocial 

support and breastfeeding, insufficient evidence exists in most cases.[84] Earlier reviews 

support early childhood psychosocial interventions delivered by community workers to 

families living in poverty, including for underweight and undernourished babies, in low-, 

middle and high-income countries.[85–87] In high-come countries there is evidence that they 

can play an important role but they are often under-utilised, with roles that are often 

unregulated and unrecognised, pointing to a need to strengthen their training and integrate them 

more effectively into the health and social care systems.[88]  

Patient navigators represent an innovation intended to help patients with complex chronic 

conditions in their journey through the health system. Again, it seems intuitive that this will be 

beneficial but rigorous evidence of effectiveness and cost-effectiveness is lacking.[89]  

Another innovation, in countries with severe shortages of health workers, is the deployment of 

community health volunteers to undertake basic tasks. A recent umbrella review found that, in 

general, they deliver services that are not inferior to, and at times better than, those provided 

by other health workers. However, this finding did not extend to more complex clinical tasks 

(e.g. diagnosis and counselling), while reports emphasise the need for ongoing training, 

supervision, and logistical backup to support and enhance their roles.[90] Importantly, a lack 

of evidence of benefit may be a reflection of poor or inappropriate study design and not 

necessarily that the intervention is ineffective.  

Task shifting to machines 

Technological advances, for example in the areas of automation and robotics, are fuelling 

radical changes in the manufacturing and services industries.[91,92] While on a less profound 
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scale, perhaps due to the unique nature of the health professional-patient relationship, task 

shifting to machines continues to grow in healthcare. Given the pace of change and the diversity 

of applications, it is not possible to explore this topic in great detail, but some key issues can 

be identified. 

While the rise of smart phone use and app development have promoted interest in their potential 

use in management of physical and mental health problems, there is surprisingly little evidence 

demonstrating clear benefits. Many apps go unevaluated and concerns have been raised about 

the evaluations that have been performed, especially in relation to conflict of interest.[93–95]  

Particular attention has focused on the potential of wearable and other forms of continuous 

monitoring devices,[96] with a large trial currently underway investigating the role of the 

Apple Watch.[97] However, the evidence so far is mixed, while there is growing concern about 

the many ethical and governance issues that arise, particularly regarding privacy, 

discrimination, and ownership of data.[98–100] 

There is also growing interest in the use of artificial intelligence (AI) in supporting (or 

performing) diagnosis.[101,102] As with many of the developments discussed in this paper, 

achieving a delicate balance between optimising the benefits of using AI while mitigating the 

harms poses a major challenge, with growing recognition of the potential for what is now 

referred to as “e-iatrogenesis”, defined as “patient harm caused at least in part by the 

application of health information technology”.[103] A recent review identified a series of 

problems, such as the presence of computer-generated annotations on medical imaging 

negatively influencing the clinical judgments of those with limited knowledge and training in 

the correct clinical use of such annotations.[104] While there may be some scope for using 

algorithms is simple settings with established cut-offs between normal and abnormal, use in 

more complicated and nuanced settings that rely on dialogue and experienced judgments 

remains questionable. High level political support for one particular app, promoted as an aid to 
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self-diagnosis in the UK, has generated particular concern.[105] Other concerns have been 

voiced about the risk of leaving the health sector vulnerable to cyberattack, including algorithm 

manipulation by external agencies.[106,107] All of these issues demonstrate the need to 

scrutinise the evidence-base and governance of health technologies and ensure adequate 

training for those tasked with using them. 

 

Recommendations from the European Commission Expert Panel on Effective ways of 

Investing in Health 

If health systems are to make best use of the scarce resources available to them, flexibility in 

the role and responsibilities of health professionals is key. What tasks to shift and between 

whom should be guided by local reviews of context, resources and need. While the evidence 

suggests that many tasks can be undertaken effectively by health workers other than those who 

may have traditionally done them, it is also clear that diversity in expectations, health system 

design, and regulation of professions mean that what is possible, and has been found to work 

in one setting will not necessarily be appropriate or successful in another. We therefore propose 

(1) a range of considerations to help in deciding if tasks can or should be shifted, and (2) a set 

of recommendations on ways to facilitate this process.  

A first consideration is the need to achieve clarity about why task shifting is being considered. 

This may be to improve clinical effectiveness, save costs, or circumvent staff shortages, for 

example. However, irrespective of the rationale, it should be made explicit. Top down 

initiatives driven by narrow goals of reducing staffing and costs by delegating to lower skilled 

or unpaid workers, patients and carers, or machines, are unlikely to achieve buy-in by those 

affected. A second consideration is the importance of careful preparation, taking into account 

the ability of the worker(s) assigned the new task to complete it effectively and safely and 

whether additional training is required. This should be based on an objective assessment of the 

Jo
ur

na
l P

re
-p

ro
of



14 

 

situation and not merely assumptions based on what is taken for granted. A third consideration 

is whether there are potential legal or regulatory barriers to the shifting of tasks, asking whether 

they should or can be changed. A fourth consideration is whether existing payment systems act 

as a barrier, for example if payers will only reimburse certain procedures if they are undertaken 

by specific health workers. Finally, a systems perspective is important as it allows wider 

considerations to be taken into account. For example, task shifting may change the level of 

interest in, and demand for, entry into and retention in certain professions. This will have 

implications for educational institutions and the wider health system, in the short and long term. 

These considerations lead to the following recommendations. 

Governance 

While there may be many reasons for shifting certain tasks between health workers, patients, 

carers, and machines, in all instances there should be transparency around the objective being 

pursued, the rationale for choosing task shifting as a means to meet this objective, and the 

evidence used to inform such decisions. All those impacted upon should be given opportunities 

to participate and voice their concerns. Task shifting requires careful planning and 

consideration of all potential implications and outcomes (both directly for the individuals 

concerned and indirectly for the wider health system). Potential outcomes should be anticipated 

and shared, and actions taken to mitigate against potential adverse effects and to react quickly 

to unintended negative effects which were not anticipated. Transparency and participation are 

likely to support acceptance by those impacted by change. Health workers taking on new tasks 

should receive adequate remuneration for increased workloads and responsibilities, details of 

which should also be made explicit. There should be clear lines of accountability when 

undertaking such assessments and responding when barriers are identified or negative 

consequences arise.  

Research and evaluation  
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The evidence-base for task shifting remains limited in scope, with many areas, particularly the 

distribution of costs and benefits being under-explored. Research should ideally take a systems 

approach, recognising the scope for wider and potentially unforeseen consequences. There is a 

particular scarcity of high-quality economic analyses, although a challenge is that they are 

especially likely to be context dependent. There is a need for a prioritised research agenda, 

including methodological work on outcome measures, and emphasising the importance of 

studies in areas, both geographical and topic-based, that are under-researched. In expanding 

beyond existing settings, it will be important to include means of determining critical factors 

for success and failure to inform knowledge of what works in what circumstances. Evaluation 

should ideally take place before, during and after task shifting is implemented. As part of this 

process, those responsible for implementation should engage in dialogue to understand the 

expectations and concerns of those who will be affected by it, including patients and their 

carers.  

Education and training 

To be most effective, those involved with planning and undertaking task shifting need to 

understand the rationale and evidence-base for doing it. Health professionals are 

overwhelmingly committed to providing high quality care to their patients and there is often 

willingness to adopt new ways of working when there is a strong belief that it will improve 

patient care, provided that existing structures and processes do not pose insurmountable 

barriers. Appropriate training is needed at all stages in training health workers to (1) give them 

both the general and specific technical skills necessary to undertake new tasks, (2) share the 

evidence-base on task shifting and how it can improve the quality of care, and (3) foster positive 

attitudes towards adopting flexible role boundaries, and demonstrate the benefits of doing so. 

Those responsible for training health workers should therefore strive to promote the value of 

interprofessional and team working and ensure trainees have sufficient high quality 
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interprofessional learning experiences. Similarly, trainers will themselves require adequate 

support and skills to adapt and deliver novel curricula. When task shifting to patients and their 

carers is deemed safe and beneficial, those planning and executing the process should ensure 

that those taking on new tasks and roles have adequate training and skills to do so, and that 

they are empowered to engage with professionals in the design of their new care plans.  

Legal and regulatory frameworks 

Regulation of health professions should include sufficient flexibility to allow them to assume 

different roles in the face of evolving needs and circumstances, for example, unforeseen staff 

shortages. Some professional bodies promote restrictive practices, especially when faced with 

unhelpful financial incentives (for example, provider fee-for-service payments), but others 

have recognised that they have a crucial role in promoting novel ways of working, recognising 

that many tasks can be performed equally well by different healthcare professionals. Effective 

task shifting is only possible if the regulatory and legal frameworks underpinning the health 

system are supportive. Failure to anticipate potential legal or regulatory barriers to shifting of 

tasks between professionals or between professionals and patients and their carers can hinder 

implementation or at worse lead to creation of illegal or unsafe practice. However, such barriers 

can often be anticipated and mitigated, although in some cases it may be necessary to advocate 

for legislative change.  

 

Conclusions 

High quality healthcare is necessary if societies are to meet the health needs of current and 

future populations equitably and efficiently. Tasking shifting has the potential to contribute to 

health systems strengthening but it should not be seen as a panacea to the problems faced by 

health services. Task shifting should be evidence-based, and undertaken with adequate 

planning, resources, and transparency, with participation by those affected and supported by 
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appropriate training. When viewed as a skill that must be mastered, task shifting can be an 

important part of building effective, efficient and sustainable health systems. 

 

Conflicts of Interest: None declared 

Funding:  The European Commission Expert Panel on Effective ways of Investing in Health  

is funded by the European Commission’s DG Sante 

Aknowledgements:  

 

 

We are grateful to Professor Werner Brouwer, Professor Lasse Lehtonen, Assoc. Professor 

Liubove Murauskiene, Professor Pedro Pita Barros, Professor Walter Ricciardi and Dr 

Matthias Wismar for their contributions through their work in drafting the original report as 

members of Expert Panel on Effective ways of Investing in Health for the European 

Commission which is the basis for this manuscript, and for their insightful review of this text.  

We are also grateful to Viera Volosinova, Constantin-Ovidiu Dumitrescu, and Sylvain Giraud 

of DG Santé for the support they provide to the Expert Panel.  

 

 

 

 

Jo
ur

na
l P

re
-p

ro
of



18 

 

References 

 

[1] Liu JX, Goryakin Y, Maeda A, Bruckner T, Scheffler R. Global Health Workforce 

Labor Market Projections for 2030. Hum Resour Health 2017;15:11. 

doi:10.1186/s12960-017-0187-2. 

[2] Anand S, Bärnighausen T. Health workers at the core of the health system: Framework 

and research issues. Health Policy (New York) 2012;105:185–91. 

doi:10.1016/j.healthpol.2011.10.012. 

[3] Nguyen H, Manolova G, Daskalopoulou C, Vitoratou S, Prince M, Prina AM. 

Prevalence of multimorbidity in community settings: A systematic review and meta-

analysis of observational studies. J Comorbidity 2019;9:2235042X1987093. 

doi:10.1177/2235042x19870934. 

[4] Reuben DB, Tinetti ME. Goal-oriented patient care - An alternative health outcomes 

paradigm. N Engl J Med 2012;366:777–9. doi:10.1056/NEJMp1113631. 

[5] European Commission. Task shifting and health system design. Report of the Expert 

Panel on effective ways of investing in Health (EXPH). Brussels: 2019. 

doi:10.2875/74370. 

[6] Sibbald B, Shen J, Mcbride A. Changing the skill-mix of the health care workforce. J 

Health Serv Res Policy 2004;9:28–38. doi:10.1258/135581904322724112. 

[7] European Commission. The organization and delivery of vaccination services in the 

European Union. 2018. 

[8] Radley AS, Hall J, Farrow M, Carey PJ. Evaluation of anticoagulant control in a 

pharmacist operated anticoagulant clinic. J Clin Pathol 1995;48:545–7. 

doi:10.1136/jcp.48.6.545. 

[9] Macgregor SH, Hamley JG, Dunbar JA, Dodd TR, Cromarty JA. Evaluation of a 

primary care anticoagulant clinic managed by a pharmacist. BMJ 1996;312:560. 

Jo
ur

na
l P

re
-p

ro
of



19 

 

doi:10.1136/bmj.312.7030.560. 

[10] Colvin CJ, de Heer J, Winterton L, Mellenkamp M, Glenton C, Noyes J, et al. A 

systematic review of qualitative evidence on barriers and facilitators to the 

implementation of task-shifting in midwifery services. Midwifery 2013;29:1211–21. 

doi:10.1016/j.midw.2013.05.001. 

[11] Weeks G, George J, Maclure K, Stewart D. Non-medical prescribing versus medical 

prescribing for acute and chronic disease management in primary and secondary care. 

Cochrane Database Syst Rev 2016;11:CD011227. 

doi:10.1002/14651858.CD011227.pub2. 

[12] Vrijhoef HJ., Diederiks JP., Spreeuwenberg C. Effects on quality of care for patients 

with NIDDM or COPD when the specialised nurse has a central role: a literature 

review. Patient Educ Couns 2000;41:243–50. doi:10.1016/S0738-3991(99)00104-4. 

[13] Wong CX, Carson K V, Smith BJ. Home care by outreach nursing for chronic 

obstructive pulmonary disease. Cochrane Database Syst Rev 2011:CD000994. 

doi:10.1002/14651858.CD000994.pub2. 

[14] Mason S, Knowles E, Colwell B, Dixon S, Wardrope J, Gorringe R, et al. 

Effectiveness of paramedic practitioners in attending 999 calls from elderly people in 

the community: cluster randomised controlled trial. BMJ 2007;335:919. 

doi:10.1136/bmj.39343.649097.55. 

[15] Wilson SL, Gangathimmaiah V. Does prehospital management by doctors affect 

outcome in major trauma? A systematic review. J Trauma Acute Care Surg 

2017;83:965–74. doi:10.1097/TA.0000000000001559. 

[16] Nicholl J, Hughes S, Dixon S, Turner J, Yates D. The costs and benefits of paramedic 

skills in pre-hospital trauma care. Health Technol Assess 1998;2:i–iv, 1–72. 

[17] Jayaraman S, Sethi D. Advanced trauma life support training for ambulance crews. In: 

Jo
ur

na
l P

re
-p

ro
of



20 

 

Sethi D, editor. Cochrane Database Syst. Rev., Chichester, UK: John Wiley & Sons, 

Ltd; 2010, p. CD003109. doi:10.1002/14651858.CD003109.pub2. 

[18] Rafferty AM, Clarke SP, Coles J, Ball J, James P, McKee M, et al. Outcomes of 

variation in hospital nurse staffing in English hospitals: cross-sectional analysis of 

survey data and discharge records. Int J Nurs Stud 2007;44:175–82. 

doi:10.1016/j.ijnurstu.2006.08.003. 

[19] McHugh MD, Rochman MF, Sloane DM, Berg RA, Mancini ME, Nadkarni VM, et al. 

Better Nurse Staffing and Nurse Work Environments Associated With Increased 

Survival of In-Hospital Cardiac Arrest Patients. Med Care 2016;54:74–80. 

doi:10.1097/MLR.0000000000000456. 

[20] Sloane DM, Smith HL, McHugh MD, Aiken LH. Effect of Changes in Hospital 

Nursing Resources on Improvements in Patient Safety and Quality of Care. Med Care 

2018;56:1001–8. doi:10.1097/MLR.0000000000001002. 

[21] Aiken LH, Sloane D, Griffiths P, Rafferty AM, Bruyneel L, McHugh M, et al. Nursing 

skill mix in European hospitals: cross-sectional study of the association with mortality, 

patient ratings, and quality of care. BMJ Qual Saf 2017;26:559–68. 

doi:10.1136/bmjqs-2016-005567. 

[22] Tsiachristas A, Wallenburg I, Bond CM, Elliot RF, Busse R, van Exel J, et al. Costs 

and effects of new professional roles: Evidence from a literature review. Health Policy 

(New York) 2015;119:1176–87. doi:10.1016/j.healthpol.2015.04.001. 

[23] Meek S, Kendall J, Porter J, Freij R. Can accident and emergency nurse practitioners 

interpret radiographs? A multicentre study. Emerg Med J 1998;15:105–7. 

doi:10.1136/emj.15.2.105. 

[24] Cooper MA, Lindsay GM, Kinn S, Swann IJ. Evaluating Emergency Nurse 

Practitioner services: a randomized controlled trial. J Adv Nurs 2002;40:721–30. 

Jo
ur

na
l P

re
-p

ro
of



21 

 

doi:10.1046/j.1365-2648.2002.02431.x. 

[25] Townsend J, Wolke D, Hayes J, Davé S, Rogers C, Bloomfield L, et al. Routine 

examination of the newborn: the EMREN study. Evaluation of an extension of the 

midwife role including a randomised controlled trial of appropriately trained midwives 

and paediatric senior house officers. Health Technol Assess 2004;8:iii–iv, ix–xi, 1–

100. 

[26] Sakr M, Angus J, Perrin J, Nixon C, Nicholl J, Wardrope J. Care of minor injuries by 

emergency nurse practitioners or junior doctors: a randomised controlled trial. Lancet 

(London, England) 1999;354:1321–6. doi:10.1016/s0140-6736(99)02447-2. 

[27] Brown SA, Grimes DE. A meta-analysis of nurse practitioners and nurse midwives in 

primary care. Nurs Res n.d.;44:332–9. 

[28] Kiessling C, Dieterich A, Fabry G, Hölzer H, Langewitz W, Mühlinghaus I, et al. 

Communication and social competencies in medical education in German-speaking 

countries: The Basel Consensus Statement. Patient Educ Couns 2010;81:259–66. 

doi:10.1016/j.pec.2010.01.017. 

[29] von Fragstein M, Silverman J, Cushing A, Quilligan S, Salisbury H, Wiskin C, et al. 

UK consensus statement on the content of communication curricula in undergraduate 

medical education. Med Educ 2008;42:1100–7. doi:10.1111/j.1365-

2923.2008.03137.x. 

[30] Junod Perron N, Klöckner Cronauer C, Hautz SC, Schnabel KP, Breckwoldt J, Monti 

M, et al. How do Swiss medical schools prepare their students to become good 

communicators in their future professional careers: a questionnaire and interview study 

involving medical graduates, teachers and curriculum coordinators. BMC Med Educ 

2018;18:285. doi:10.1186/s12909-018-1376-y. 

[31] Hodson DM. The evolving role of advanced practice nurses in surgery. AORN J 

Jo
ur

na
l P

re
-p

ro
of



22 

 

1998;67:998–1009. doi:10.1016/s0001-2092(06)62624-0. 

[32] European Commission. Assessing Needs of Care In European Nations ANCIEN 

Project CORDIS. 2012 n.d. https://cordis.europa.eu/project/rcn/90930/factsheet/en 

(accessed October 14, 2019). 

[33] Crowley R, Wolfe I, Lock K, McKee M. Improving the transition between paediatric 

and adult healthcare: a systematic review. Arch Dis Child 2011;96:548–53. 

doi:10.1136/adc.2010.202473. 

[34] Zhou H, Roberts P, Dhaliwal S, Della P. Transitioning adolescent and young adults 

with chronic disease and/or disabilities from paediatric to adult care services - an 

integrative review. J Clin Nurs 2016;25:3113–30. doi:10.1111/jocn.13326. 

[35] Eapen ZJ, Turakhia MP, McConnell M V, Graham G, Dunn P, Tiner C, et al. Defining 

a Mobile Health Roadmap for Cardiovascular Health and Disease. J Am Heart Assoc 

2016;5. doi:10.1161/JAHA.115.003119. 

[36] Laurant M, Reeves D, Hermens R, Braspenning J, Grol R, Sibbald B. Substitution of 

doctors by nurses in primary care. Cochrane Database Syst Rev 2005:CD001271. 

doi:10.1002/14651858.CD001271.pub2. 

[37] Hirzallah FM, Alkaissi A, do Céu Barbieri‐ Figueiredo M. A systematic review of 

nurse‐ led weaning protocol for mechanically ventilated adult patients. Nurs Crit Care 

2019;24:89–96. doi:10.1111/nicc.12404. 

[38] Gong F, Chen X, Wu Y, Yao D, Xie L, Ouyang Q, et al. Nurse vs. physician-led care 

for obstructive sleep apnoea: A systematic review and meta-analysis of randomized 

trials. J Adv Nurs 2018;74:501–6. doi:10.1111/jan.13346. 

[39] Nicholson A, Coldwell CH, Lewis SR, Smith AF. Nurse-led versus doctor-led 

preoperative assessment for elective surgical patients requiring regional or general 

anaesthesia. Cochrane Database Syst Rev 2013:CD010160. 

Jo
ur

na
l P

re
-p

ro
of



23 

 

doi:10.1002/14651858.CD010160.pub2. 

[40] Butler M, Collins R, Drennan J, Halligan P, O’Mathúna DP, Schultz TJ, et al. Hospital 

nurse staffing models and patient and staff-related outcomes. Cochrane Database Syst 

Rev 2011:CD007019. doi:10.1002/14651858.CD007019.pub2. 

[41] Xu H, Mou L, Cai Z. A nurse-coordinated model of care versus usual care for chronic 

kidney disease: meta-analysis. J Clin Nurs 2017;26:1639–49. doi:10.1111/jocn.13533. 

[42] Joo JY, Liu MF. Effectiveness of Nurse-Led Case Management in Cancer Care: 

Systematic Review. Clin Nurs Res 2019;28:968–91. doi:10.1177/1054773818773285. 

[43] Salamanca-Balen N, Seymour J, Caswell G, Whynes D, Tod A. The costs, resource 

use and cost-effectiveness of Clinical Nurse Specialist–led interventions for patients 

with palliative care needs: A systematic review of international evidence. Palliat Med 

2018;32:447–65. doi:10.1177/0269216317711570. 

[44] Driscoll A, Currey J, Tonkin A, Krum H. Nurse-led titration of angiotensin converting 

enzyme inhibitors, beta-adrenergic blocking agents, and angiotensin receptor blockers 

for people with heart failure with reduced ejection fraction. Cochrane Database Syst 

Rev 2015:CD009889. doi:10.1002/14651858.CD009889.pub2. 

[45] Driscoll A, Meagher S, Kennedy R, Hay M, Banerji J, Campbell D, et al. What is the 

impact of systems of care for heart failure on patients diagnosed with heart failure: a 

systematic review. BMC Cardiovasc Disord 2016;16:195. doi:10.1186/s12872-016-

0371-7. 

[46] Takeda A, Taylor SJ, Taylor RS, Khan F, Krum H, Underwood M. Clinical service 

organisation for heart failure. Cochrane Database Syst Rev 2012:CD002752. 

doi:10.1002/14651858.CD002752.pub3. 

[47] Schofield-Robinson OJ, Lewis SR, Smith AF, McPeake J, Alderson P. Follow-up 

services for improving long-term outcomes in intensive care unit (ICU) survivors. 

Jo
ur

na
l P

re
-p

ro
of



24 

 

Cochrane Database Syst Rev 2018. doi:10.1002/14651858.CD012701.pub2. 

[48] Kilpatrick K, Reid K, Carter N, Donald F, Bryant-Lukosius D, Martin-Misener R, et 

al. A Systematic Review of the Cost-Effectiveness of Clinical Nurse Specialists and 

Nurse Practitioners in Inpatient Roles. Nurs Leadersh (Tor Ont) 2015;28:56–76. 

[49] De Oliveira GS, Castro-Alves LJ, Kendall MC, McCarthy R. Effectiveness of 

Pharmacist Intervention to Reduce Medication Errors and Health-Care Resources 

Utilization After Transitions of Care. J Patient Saf 2017:1. 

doi:10.1097/PTS.0000000000000283. 

[50] Mekonnen AB, McLachlan AJ, Brien J-AE. Effectiveness of pharmacist-led 

medication reconciliation programmes on clinical outcomes at hospital transitions: a 

systematic review and meta-analysis. BMJ Open 2016;6:e010003. 

doi:10.1136/bmjopen-2015-010003. 

[51] Skjøt-Arkil H, Lundby C, Kjeldsen LJ, Skovgårds DM, Almarsdóttir AB, Kjølhede T, 

et al. Multifaceted Pharmacist-led Interventions in the Hospital Setting: A Systematic 

Review. Basic Clin Pharmacol Toxicol 2018;123:363–79. doi:10.1111/bcpt.13030. 

[52] Dawoud DM, Smyth M, Ashe J, Strong T, Wonderling D, Hill J, et al. Effectiveness 

and cost effectiveness of pharmacist input at the ward level: a systematic review and 

meta-analysis. Res Social Adm Pharm 2018. doi:10.1016/j.sapharm.2018.10.006. 

[53] Basaraba JE, Picard M, George-Phillips K, Mysak T. Pharmacists as Care Providers 

for Stroke Patients: A Systematic Review. Can J Neurol Sci / J Can Des Sci Neurol 

2018;45:49–55. doi:10.1017/cjn.2017.233. 

[54] Cheema E, Alhomoud FK, Kinsara ASA-D, Alsiddik J, Barnawi MH, Al-Muwallad 

MA, et al. The impact of pharmacists-led medicines reconciliation on healthcare 

outcomes in secondary care: A systematic review and meta-analysis of randomized 

controlled trials. PLoS One 2018;13:e0193510. doi:10.1371/journal.pone.0193510. 

Jo
ur

na
l P

re
-p

ro
of



25 

 

[55] Wang Y, Yeo QQ, Ko Y. Economic evaluations of pharmacist-managed services in 

people with diabetes mellitus: a systematic review. Diabet Med 2016;33:421–7. 

doi:10.1111/dme.12976. 

[56] El Hajj MS, Jaam MJ, Awaisu A. Effect of pharmacist care on medication adherence 

and cardiovascular outcomes among patients post-acute coronary syndrome: 

A systematic review. Res Soc Adm Pharm 2018;14:507–20. 

doi:10.1016/j.sapharm.2017.06.004. 

[57] Drovandi A, Robertson K, Tucker M, Robinson N, Perks S, Kairuz T. A systematic 

review of clinical pharmacist interventions in paediatric hospital patients. Eur J Pediatr 

2018;177:1139–48. doi:10.1007/s00431-018-3187-x. 

[58] Weeks G, George J, Maclure K, Stewart D. Non-medical prescribing versus medical 

prescribing for acute and chronic disease management in primary and secondary care. 

Cochrane Database Syst Rev 2016;11:CD011227. 

doi:10.1002/14651858.CD011227.pub2. 

[59] Noblet T, Marriott J, Graham-Clarke E, Shirley D, Rushton A. Clinical and cost-

effectiveness of non-medical prescribing: A systematic review of randomised 

controlled trials. PLoS One 2018;13:e0193286. doi:10.1371/journal.pone.0193286. 

[60] Stone CJL, Vaid HM, Selvam R, Ashworth A, Robinson A, Digby GC. 

Multidisciplinary Clinics in Lung Cancer Care: A Systematic Review. Clin Lung 

Cancer 2018;19:323-330.e3. doi:10.1016/j.cllc.2018.02.001. 

[61] Bonanni S, Sorensen AA, Dubin J, Drees B. The Role of the Fracture Liaison Service 

in Osteoporosis Care. Mo Med 2017;114:295–8. 

[62] Carr PJ, Higgins NS, Cooke ML, Mihala G, Rickard CM. Vascular access specialist 

teams for device insertion and prevention of failure. Cochrane Database Syst Rev 

2018;3:CD011429. doi:10.1002/14651858.CD011429.pub2. 

Jo
ur

na
l P

re
-p

ro
of



26 

 

[63] Lassi ZS, Cometto G, Huicho L, Bhutta ZA. Quality of care provided by mid-level 

health workers: systematic review and meta-analysis. Bull World Health Organ 

2013;91:824-833I. doi:10.2471/BLT.13.118786. 

[64] Kredo T, Adeniyi FB, Bateganya M, Pienaar ED. Task shifting from doctors to non-

doctors for initiation and maintenance of antiretroviral therapy. Cochrane Database 

Syst Rev 2014:CD007331. doi:10.1002/14651858.CD007331.pub3. 

[65] Downie F, McRitchie C, Monteith W, Turner H. Physiotherapist as an alternative to a 

GP for musculoskeletal conditions: a 2-year service evaluation of UK primary care 

data. Br J Gen Pract 2019;69:e314–20. doi:10.3399/bjgp19X702245. 

[66] Kaptein AA, Fischer MJ, Scharloo M. Self-management in patients with COPD: 

theoretical context, content, outcomes, and integration into clinical care. Int J Chron 

Obstruct Pulmon Dis 2014;9:907–17. doi:10.2147/COPD.S49622. 

[67] Neff TA, Petty TL. Outpatient care for patients with chronic airway obstruction--

emphysema and bronchitis. Chest 1971;60:Suppl:11S-17S. 

doi:10.1378/chest.60.2_supplement.11s. 

[68] Fan VS, Gaziano JM, Lew R, Bourbeau J, Adams SG, Leatherman S, et al. A 

Comprehensive Care Management Program to Prevent Chronic Obstructive 

Pulmonary Disease Hospitalizations. Ann Intern Med 2012;156:673. 

doi:10.7326/0003-4819-156-10-201205150-00003. 

[69] Fryer CE, Luker JA, McDonnell MN, Hillier SL. Self management programmes for 

quality of life in people with stroke. Cochrane Database Syst Rev 2016. 

doi:10.1002/14651858.CD010442.pub2. 

[70] Lenferink A, Brusse-Keizer M, van der Valk PD, Frith PA, Zwerink M, Monninkhof 

EM, et al. Self-management interventions including action plans for exacerbations 

versus usual care in patients with chronic obstructive pulmonary disease. Cochrane 

Jo
ur

na
l P

re
-p

ro
of



27 

 

Database Syst Rev 2017;8:CD011682. doi:10.1002/14651858.CD011682.pub2. 

[71] McBain H, Mulligan K, Haddad M, Flood C, Jones J, Simpson A. Self management 

interventions for type 2 diabetes in adult people with severe mental illness. Cochrane 

Database Syst Rev 2016. doi:10.1002/14651858.CD011361.pub2. 

[72] Kew KM, Malik P, Aniruddhan K, Normansell R. Shared decision-making for people 

with asthma. Cochrane Database Syst Rev 2017;10:CD012330. 

doi:10.1002/14651858.CD012330.pub2. 

[73] Harris K, Kneale D, Lasserson TJ, McDonald VM, Grigg J, Thomas J. School-based 

self-management interventions for asthma in children and adolescents: a mixed 

methods systematic review. Cochrane Database Syst Rev 2019;1:CD011651. 

doi:10.1002/14651858.CD011651.pub2. 

[74] Zwerink M, Brusse-Keizer M, van der Valk PD, Zielhuis GA, Monninkhof EM, van 

der Palen J, et al. Self management for patients with chronic obstructive pulmonary 

disease. Cochrane Database Syst Rev 2014. doi:10.1002/14651858.CD002990.pub3. 

[75] Bradley PM, Lindsay B, Fleeman N. Care delivery and self management strategies for 

adults with epilepsy. Cochrane Database Syst Rev 2016. 

doi:10.1002/14651858.CD006244.pub3. 

[76] Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches 

for people with chronic conditions: a review. Patient Educ Couns 2002;48:177–87. 

doi:10.1016/S0738-3991(02)00032-0. 

[77] Kelly C, Grundy S, Lynes D, Evans DJ, Gudur S, Milan SJ, et al. Self-management for 

bronchiectasis. Cochrane Database Syst Rev 2018;2:CD012528. 

doi:10.1002/14651858.CD012528.pub2. 

[78] Savage E, Beirne P V, Ni Chroinin M, Duff A, Fitzgerald T, Farrell D. Self-

management education for cystic fibrosis. Cochrane Database Syst Rev 

Jo
ur

na
l P

re
-p

ro
of



28 

 

2011:CD007641. doi:10.1002/14651858.CD007641.pub2. 

[79] Kroon FP, van der Burg LR, Buchbinder R, Osborne RH, Johnston R V, Pitt V. Self-

management education programmes for osteoarthritis. Cochrane Database Syst Rev 

2014:CD008963. doi:10.1002/14651858.CD008963.pub2. 

[80] McCabe C, McCann M, Brady AM. Computer and mobile technology interventions 

for self-management in chronic obstructive pulmonary disease. Cochrane Database 

Syst Rev 2017;5:CD011425. doi:10.1002/14651858.CD011425.pub2. 

[81] Marcano Belisario JS, Huckvale K, Greenfield G, Car J, Gunn LH. Smartphone and 

tablet self management apps for asthma. Cochrane Database Syst Rev 

2013:CD010013. doi:10.1002/14651858.CD010013.pub2. 

[82] Heneghan CJ, Garcia-Alamino JM, Spencer EA, Ward AM, Perera R, Bankhead C, et 

al. Self-monitoring and self-management of oral anticoagulation. Cochrane Database 

Syst Rev 2016. doi:10.1002/14651858.CD003839.pub3. 

[83] Welsh EJ, Carr R. Pulse oximeters to self monitor oxygen saturation levels as part of a 

personalised asthma action plan for people with asthma. Cochrane Database Syst Rev 

2015:CD011584. doi:10.1002/14651858.CD011584.pub2. 

[84] Gilmore B, McAuliffe E. Effectiveness of community health workers delivering 

preventive interventions for maternal and child health in low- and middle-income 

countries: a systematic review. BMC Public Health 2013;13:847. doi:10.1186/1471-

2458-13-847. 

[85] Baker-Henningham H, López Bóo F. Early Childhood Stimulation Interventions in 

Developing Countries: A Comprehensive Literature Review. IDB Work Pap Ser 2010. 

[86] Nores M, Barnett W. Benefits of early childhood interventions across the world: 

(Under) Investing in the very young. Econ Educ Rev 2010;29:271–82. 

doi:doi.org/10.1016/j.econedurev.2009.09.001. 

Jo
ur

na
l P

re
-p

ro
of



29 

 

[87] Peacock S, Konrad S, Watson E, Nickel D, Muhajarine N. Effectiveness of home 

visiting programs on child outcomes: a systematic review. BMC Public Health 

2013;13:17. doi:10.1186/1471-2458-13-17. 

[88] Najafizada SAM, Bourgeault IL, Labonte R, Packer C, Torres S. Community health 

workers in Canada and other high-income countries: A scoping review and research 

gaps. Can J Public Health 2015;106:e157-64. doi:10.17269/cjph.106.4747. 

[89] Peart A, Lewis V, Brown T, Russell G. Patient navigators facilitating access to 

primary care: a scoping review. BMJ Open 2018;8:e019252. doi:10.1136/bmjopen-

2017-019252. 

[90] Woldie M, Feyissa GT, Admasu B, Hassen K, Mitchell K, Mayhew S, et al. 

Community health volunteers could help improve access to and use of essential health 

services by communities in LMICs: an umbrella review. Health Policy Plan 

2018;33:1128–43. doi:10.1093/heapol/czy094. 

[91] OECD. The Risk of Automation for Jobs in OECD Countries: A Comparative 

Analysis. Paris: 2016. 

[92] Gilchrist A. Industry 4.0 : the industrial internet of things. Apress; 2016. 

[93] Grist R, Porter J, Stallard P. Mental Health Mobile Apps for Preadolescents and 

Adolescents: A Systematic Review. J Med Internet Res 2017;19:e176. 

doi:10.2196/jmir.7332. 

[94] Ng MM, Firth J, Minen M, Torous J. User Engagement in Mental Health Apps: A 

Review of Measurement, Reporting, and Validity. Psychiatr Serv 2019;70:538–44. 

doi:10.1176/appi.ps.201800519. 

[95] Rathbone AL, Prescott J. The Use of Mobile Apps and SMS Messaging as Physical 

and Mental Health Interventions: Systematic Review. J Med Internet Res 

2017;19:e295. doi:10.2196/jmir.7740. 

Jo
ur

na
l P

re
-p

ro
of



30 

 

[96] Koshy AN, Sajeev JK, Nerlekar N, Brown AJ, Rajakariar K, Zureik M, et al. Smart 

watches for heart rate assessment in atrial arrhythmias. Int J Cardiol 2018;266:124–7. 

doi:10.1016/j.ijcard.2018.02.073. 

[97] Turakhia MP, Desai M, Hedlin H, Rajmane A, Talati N, Ferris T, et al. Rationale and 

design of a large-scale, app-based study to identify cardiac arrhythmias using a 

smartwatch: The Apple Heart Study. Am Heart J 2019;207:66–75. 

doi:10.1016/j.ahj.2018.09.002. 

[98] Turning the NHS into Uber – new post on Cost of Living blog – This Is Not a 

Sociology Blog n.d. https://thisisnotasociology.blog/2019/03/27/turning-the-nhs-into-

uber-new-post-on-cost-of-living-blog/ (accessed October 14, 2019). 

[99] McKee M, Stuckler D. How the Internet Risks Widening Health Inequalities. Am J 

Public Health 2018;108:1178–9. doi:10.2105/AJPH.2018.304616. 

[100] Lewis RA, Lunney M, Chong C, Tonelli M. Identifying Mobile Applications Aimed at 

Self-Management in People With Chronic Kidney Disease. Can J Kidney Heal Dis 

2019;6:2054358119834283. doi:10.1177/2054358119834283. 

[101] Das N, Topalovic M, Janssens W. Artificial intelligence in diagnosis of obstructive 

lung disease. Curr Opin Pulm Med 2018;24:117–23. 

doi:10.1097/MCP.0000000000000459. 

[102] Kapoor R, Walters SP, Al-Aswad LA. The current state of artificial intelligence in 

ophthalmology. Surv Ophthalmol 2019;64:233–40. 

doi:10.1016/j.survophthal.2018.09.002. 

[103] Weiner JP, Kfuri T, Chan K, Fowles JB. “e-Iatrogenesis”: the most critical unintended 

consequence of CPOE and other HIT. J Am Med Inform Assoc 2007;14:387–8; 

discussion 389. doi:10.1197/jamia.M2338. 

[104] Cabitza F, Rasoini R, Gensini GF. Unintended Consequences of Machine Learning in 

Jo
ur

na
l P

re
-p

ro
of



31 

 

Medicine. JAMA 2017;318:517. doi:10.1001/jama.2017.7797. 

[105] Ram A, Neville S. High-profile health app under scrutiny after doctors’ complaints. 

Financ Times 2018. 

[106] Cadwalladr C. The great British Brexit robbery: how our democracy was hijacked. 

Guard 2017. 

[107] Mahdawi A. There’s a dark side to women’s health apps: ‘Menstrual surveillance.’ 

Guard 2019. 

  

Jo
ur

na
l P

re
-p

ro
of



32 

 

Figure 1: A framework for task shifting in health care 

 

Source: The authors 
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