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Abstract

Neurological disorders are the leading cause of disability and the second leading cause of death 

worldwide. In the past 30 years, the absolute numbers of deaths and people with disabilities 

owing to neurological diseases have risen substantially, particularly in low-income and middle-

income countries, and further increases are expected globally as a result of population growth 

and ageing. This rise in absolute numbers of people affected suggests that advances in prevention 

and management of major neurological disorders are not sufficiently effective to counter global 

demographic changes. Urgent measures to reduce this burden are therefore needed. Because 

resources for health care and research are already overstretched, priorities need to be set to guide 

policy makers, governments, and funding organisations to develop and implement action plans for 

prevention, health care, and research to tackle the growing challenge of neurological disorders.

Introduction

The burden of deaths and disability caused by neurological disorders is increasingly being 

recognised as a global publich health challenge, and this burden is set to rise during the next 

few decades. In the past 30 years, the absolute numbers of deaths have increased by 39% 

and disability-adjusted life-years (DALYs; the sum of years of life lost and years lived with 

disability) have increased by 15%, despite declines in communicable neurological disorders. 

The greatest burden is in low-income and middle-income countries (LMICs).1 The large 

and increasing burden of neurological disorders is driven by global population growth and 

ageing; understanding the burden of neurological disease has, in turn, been complicated by 

these fast-paced changes in demographic characteristics, as well as changes in risk factors 

(eg, overweight, obesity) in both high-income counries (HICs) and LMICs. Policy makers 

and funding bodies therefore need regular and reliable up-to-date estimates of the burden 

of neurological disorders and of determinants of changes in the burden, across different 

countries and populations. Such estimates would enable cost-effective health-care planning 

and resource allocation, and assessments of the impact of responsive policy interventions. 

Furthermore, knowledge of the effects of sociodemographic changes (eg, at a national level) 

on neurological disorders and overall population health is needed to inform policy and set 

priorities for research and health-care service development.

Epidemiological studies of neurological disorders have traditionally been restricted to 

particular disorders (eg, stroke, dementia) or confined by geographical area (eg, district, 

city, region), database settings (eg, official reports, mortality or hospitalisation statistics), 

or demographics (eg, specific ethnicities or age groups). Differences in study designs, 

methodology, diagnostic criteria, and completeness of case ascertainment complicate 

comparisons between studies. The Global Burden of Diseases, Injuries, and Risk Factors 

(GBD) Study2 aims to address these challenges in the most systematic, comprehensive, and 
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consistent way. Metrics of the burden of neurological disorders are available at the global, 

regional income (eg, LMICs or HICs), and national (and in some instances subnational) 

levels, categorised by age, sex, and with time, across 195 countries. The study uses all 

available published and unpublished data, including hospital data and insurance claims, that 

meet the study inclusion criteria1 from 1990 to the present, and various techniques are 

applied to produce accurate and reliable estimates of the burden of neurological disorders.

In this Policy View, we highlight the scale of the challenge of neurological disorders, with 

an overview of their burden using GBD Study findings,1,3–11 and we discuss implications 

and priorities for policy making and funding for prevention, health care, and research. The 

specific aims of this Policy View are listed in panel 1. Explanations of the GBD Study 

concept and key GBD metrics are given in panel 2.

Burden of neurological disorders

The neurological disorders included in the GBD estimates, how to interpret the estimates, 

and data for 20161 are in the appendix (pp 6–7), and findings can also be viewed 

interactively through an online data visualisation tool on the GBD Compare Viz Hub 

website. The GBD estimates of deaths, DALYs, incidence, and prevalence per 100000 

people by neurological disorder are presented as absolute numbers and age-standardised 

rates for 2016 (age-standardised to the world population for comparison between 

populations and regions and over time), with percentage changes from 1990 to 2016.2 Each 

GBD estimate is presented with a 95% uncertainty interval (UI), which is a range of values 

that is likely to include the correct estimate of health loss for a given cause. In the absence 

of data, neurological burden is extrapolated from countries with similar causation to provide 

informed estimates.12

Depending on the geographical level of the estimates, GBD findings can have global, 

regional, or national implications for policy development and research funding. For example, 

the findings could have implications for policies related to social development goals 

(global, national), population-wide prevention measures (national), workforce development 

(national), and health-care service planning (national and subnational; eg, absolute numbers 

could be used to estimate the number of hospital beds and community services required to 

care for patients with neurological disorders, overall and for each neurological disorder).

Despite decreases in age-standardised rates of incidence, prevalence, mortality, and DALYs 

across all neurological disorders analysed from 1990 to 2016,1 the absolute numbers of 

people with incident, prevalent, and fatal cases of non-communicable neurological disorders 

and their associated DALYs have significantly increased (appendix, pp 2–6). The bulk of 

the burden (78·5% deaths and 77·3% DALYs) is in LMICs. Globally, in 2016, neurological 

disorders were the leading cause of DALYs (276 million; 95% UI 247–308 million) and the 

second leading cause of deaths (9·0 million; 95% UI 8·8–9·4 million).

The decline in age-standardised DALYs and mortality rates between 1990 and 2016 is 

probably due to advances in prevention and management (particularly of communicable 

neurological disorders and stroke) during that period of time. However, the comparatively 
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low rates of decline in LMICs compared with those in HICs1 highlights the inequality 

between regions in the accessibility, intensity, comprehensiveness, and quality of preventive 

interventions, which needs to be addressed within LMICs.

The increase in the absolute numbers of people—including incident and prevalent cases—

who died or remained disabled from non-communicable neurological disorders suggests that 

the advances in prevention and management of these disorders have not been sufficiently 

effective to counterbalance ongoing population growth and ageing. Improved case finding 

and reporting over the past 30 years might be a contributing factor, but global demographic 

changes are likely to be primarily responsible for the large increase in numbers of people 

affected by non-communicable neurological disorders.

The principal metric of GBD studies, DALYs, helps decision makers compare the impact 

of different diseases and injuries, not only in terms of early deaths, but also in terms of 

suffering for different groups of people.13 Overall, the major contributors to DALYs were 

stroke (42·2%), migraine (16·3%), Alzheimer’s disease and other dementias (10·4%), and 

meningitis (7·9%; figure 1). For combined neurological disorders, the 2016 age-standardised 

DALY rates were significantly higher in men than in women (male-to-female ratio 1·12; 

95% UI 1·05–1·20), whereas headaches, Alzheimer’s disease and other dementias, and 

multiple sclerosis were more common and caused more burden in women than in men 

(male-to-female ratio ranging from 0·54 [95% UI 0·53–0·56] for migraine to 0·90 [0·88–

0·92] for Alzheimer’s disease and other dementias). Globally, the three leading neurological 

causes of deaths were stroke (67·4%), Alzheimer’s disease and other dementias (20·3%), and 

meningitis (3·7%; figure 1).

There were also significant differences in the age patterns of neurological disorders (figure 

2). For example, although for children younger than 5 years communicable neurological 

disorders (particularly meningitis) were the main causes of neurological DALYs, migraine 

and tension-type headache were large contributors in young and middle-aged adults. Stroke 

burden was greatest between age 60 and 84 years, and the burden due to Alzheimer’s disease 

and other dementias was greatest from age 85 years to older than 95 years. For stroke, 

epilepsy, and meningitis, age-standardised DALY rates were higher in regions with lower 

socioeconomic development, measured with the sociodemographic index (SDI). For brain 

and other CNS cancers, Parkinson’s disease, multiple sclerosis, and motor neuron diseases, 

DALY rates increased with increasing SDI, whereas for Alzheimer’s disease and other 

dementias and for migraine and tension-type headache no associations with SDI were found.

Understanding risk factors and improving prevention

In the GBD 2016 Study,1 risk factors were analysed in terms of DALYs due to individual 

neurological disorders or all neurological disorders combined, attributable to 84 individual 

behavioural, environmental and occupational, and metabolic risk factors, as well as their 

clusters (eg, the behavioural cluster included a combined effect of smoking, poor diet, 

physical inactivity, and high body-mass index).14 These estimates showed a proportion of 

DALYs that could be avoided if the population concerned had a theoretical minimum level 

of exposure to a risk. The criteria for including risks in the GBD Study were the availability 
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of sufficient evidence to establish a causal relationship between a risk factor and one or more 

disease or injury outcomes; sufficient evidence to support the generalisability of an effect 

size beyond the populations included in epidemiological studies; sufficient data and methods 

to enable the estimation of exposure by country; and the probable importance of a risk factor 

to disease burden or policy considerations.

Our estimates showed that the vast majority of stroke burden can be attributed to risk factors 

measured in the GBD Study (88·8% of stroke DALYs; 95% UI 86·5–90·9).4 Metabolic 

risks, including high systolic blood pressure, high body-mass index, high fasting plasma 

glucose, high total cholesterol, and low glomerular filtration rate, accounted for 72·1% (95% 

UI 66·4–77·3) of stroke DALYs. Behavioural factors, including smoking, poor diet, and 

low physical activity, accounted for 66·3% (95% UI 59·3–73·1) of attributable DALYs, and 

environmental risks, such as air pollution and lead exposure, were responsible for a further 

28·1% (25·3–30·9). For neurological disorders with established risk factors, such as stroke, 

efforts must be made to broaden implementation of proven, effective primary and secondary 

prevention strategies. The GBD data at national levels—covering 195 countries—on stroke 

risk factors and lifetime risk of stroke5 can be used by health-care policy makers and service 

providers to inform country-specific primary stroke prevention interventions and educational 

campaigns (including stroke awareness) and targeted research funding.

Our finding that an exceedingly high proportion of stroke-related DALYs is potentially 

avoidable, together with the continuously increasing stroke burden across nearly all 

countries, suggests that the primary stroke prevention strategies that are currently used are 

either not sufficiently effective or not implemented widely enough, or both.15,16 Because 

high systolic blood pressure is the single most important risk factor for stroke globally, a 

mixed service provision should be implemented worldwide at all levels (global, regional, 

and national). Such mixed service provision should ensure the availability and proper use of 

antihypertensives, combined with some population-based strategies (eg, WHO best buys)17, 

including interventions towards salt reduction, tobacco control, reduction in the harmful use 

of alcohol, healthy diet, and increased physical activity.18

There is strong evidence that tobacco,19–21 salt,22,23 and alcohol24–28 taxations are effective 

strategies to improve health and generate considerable revenue for governments. As 

advocated by WHO,29 revenue from such taxations should be used by governments to 

fund the development of neurological services (including workforce development), the 

development and implementation of preventive and disease-modifying interventions, and the 

improvement of access to and reduction of disparities in service provision for neurological 

disorders and other major health conditions. National engagement in and discussions 

about the use of tax revenue to support research initiatives and the development and 

implementation of preventive and disease-modifying interventions would improve the public 

acceptability of such initiatives.16 These strategies for preventing stroke and other non-

communicable diseases should be complemented by measures to control other behavioural, 

metabolic, and environ mental risks. For example, air pollution is modifiable through 

regulating exposure to indoor and outdoor air pollution and through funding the transition 

towards clean stove technology to reduce indoor air pollution.30
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With the exception of stroke, and to a lesser extent Alzheimer’s disease and other dementias, 

the 84 risk factors analysed in the GBD Study explained little to none of the burden of 

neurological disorders.3 The absence of associations between established, modifiable risk 

factors and most neurological disorders necessitates further research to identify new risk 

factors and effective preventive strategies for these disorders. In the absence of optimal 

strategies to reduce the risk of these neurological disorders, governments and policy makers 

need to take measures to improve early diagnosis and optimise treatment and rehabilitation 

to reduce their burden. The sex and age differences in the burden of neurological disorders 

should be used to define corresponding priorities in prevention. For example, the finding 

that the greatest burden of Alzheimer’s disease and other dementias, headaches, and 

multiple sclerosis is in women1 suggests that women should be given priority for early 

identification and prevention measures to mitigate the risk and impact of these neurological 

disorders and prevent further increases in their burden. The relatively stable lifetime risk of 

stroke in people aged 20–75 years5 and the increased stroke burden in people aged 60–84 

years4 indicate that the intensity of primary stroke prevention interventions should continue 

throughout adult life.

Implications for disease management and neurological services

The GBD 2016 Study data3–11 suggest that advances in the management of neurological 

disorders are not keeping up with the increasing burden of these diseases. From a public 

health perspective, this is worrisome because the affected people require adequate care 

in hospital or community settings, or both, but the health-care resources are already 

overstretched, even in HICs.35 If the changes in demographic characteristics continue, 

steep increases in deaths and disability from neurological disorders will be inevitable 

unless the accessibility and affordability of health care is improved and more effective 

therapeutic, rehabilitative, and restorative interventions are introduced, in addition to 

enhanced preventive measures.

Neurological examination, diagnostic tests, and hospital care and outpatient services are 

essential for the adequate diagnosis and management of neurological disorders. Different 

neurological disorders require different diagnostic tests and health-care services. For 

neurological service planning, we suggest a framework for minimal, essential, and advanced 

levels of global neurological services (panel 3). Our framework is based on the Global 

Stroke Services Guidelines developed by the World Stroke Organization (WSO),36 and 

encompasses access to health-care personnel, laboratory screening tests and neuroimaging, 

medicines and other treatments, and preventive and rehabilitation services. The goal of the 

framework is to achieve the most advanced level of neurological service that is realistically 

and reasonably attainable, given local resources and practice. Our list of essential 

neurological medicines includes the 2015 WHO Model List of 15 neurological medicines,37 

which are classified into disease-specific categories, and 11 other medicines used to treat 

neurological disorders, which are classified by pharmacological effect.37 As proposed by the 

WSO36 and Rimmer and colleagues,37 the 2015 WHO Model List should be expanded to 

include aspirin and recombinant tissue plasminogen activator for ischaemic stroke (recently 

added to the WHO Model List), labetalol, nicardipine, dopamine agonists for Parkinson’s 

disease, lamotrigine for epilepsy, sumatriptan for migraine, cholinesterase inhibitors for 
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dementia, glatiramer acetate for multiple sclerosis, carbamazepine for neuropathic pain, 

propranolol and primidone for essential tremor, and azathioprine for myasthenia gravis.

We believe that equitable—meaning reliable and affordable—access to neurological services 

is crucial to reducing the diagnostic and management gaps in high-burden neurological 

disorders globally. In parallel with the goal of the WHO Model List of Essential Medicines, 

there must be concerted efforts towards affordable prices at the different SDI strata if there is 

to be equitable access.

Policy implications for LMICs

The GBD finding that neurological disorders are the leading cause of DALYs among all 

disease groups globally1 is particularly relevant in LMICs, because disability is an important 

cause of poverty in LMICs, which in turn exacerbates the burden of neurological diseases, 

such as stroke, epilepsy, and meningitis. To break this cycle, more investment is needed 

to improve prevention and increase accessibility to services, with improved specialised 

management of neurological disorders in LMICs.

As shown in the WHO Atlas: Country Resources for Neurological Disorders,35 there is 

a disproportionate gap between the large and increasing global burden of neurological 

disorders and the resources available to meet this challenge, especially in LMICs. According 

to the Atlas, only 24% of countries globally have stand-alone neurological health policies, 

and this proportion is much lower for LMICs; furthermore, only 12% of countries have 

a separate budget for neurological disorders. Although globally 58% of countries provide 

financial support for people with neurological disorders, only 24% of LMICs provide 

such support. Access to essential medications for neurological disorders is low in primary 

care settings across WHO regions, particularly in Africa and southeast Asia. HICs have a 

median of 7·1 members of the total neurological workforce (total number of neurologists, 

neurosurgeons, and child neurologists) per 100 000 population, compared with 0·1 members 

per 100 000 population in low-income countries.35 With the large and increasing burden of 

neurological disorders worldwide, a substantial shortage in neurological work forces is now 

observed even in HICs.38,39

Given the huge burden of neurological disorders compared with other conditions,1 these 

disorders deserve a high priority and an increased budget to address the research and service 

gaps in epidemiological surveillance, prevention, acute care, and rehabilitation in LMICs. To 

drive the necessary change, it is crucial to revitalise and expand the health workforce. This 

change requires planning and funding for medical education and other strategies to increase 

the number and quality of personnel who can deliver the necessary services. Strategies 

could include promotion of self-efficacy (creating an environment that encourages best 

workplace performance), task-sharing (delegating roles and responsibilities, and professional 

collaboration), and task-shifting (moving tasks, where appropriate, to other health workers 

who have had shorter training and have fewer qualifications). Furthermore, the curriculum at 

all levels of medical educational systems needs to be enriched with content promoting basic 

understanding of the common neurological disorders, their predominant risk factors, and the 

lifestyle measures that prevent them.
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Improved preventive services for infectious neurological diseases that reach entire 

populations should also be high on the policy agenda. Although the overall burden from 

tetanus, meningitis, and encephalitis has decreased in almost all countries, it remains 

substantial in many LMICs, particularly in sub-Saharan Africa.1,7 Insufficient vaccination 

coverage, especially in rural and remote areas in LMICs, is one reason that meningitis and 

encephalitis are ongoing problems. Insufficient access to vaccinations might be exacerbated 

by poverty, conflict, and also climate change.40 Many patients with encephalitis die 

without a diagnosis, in some cases owing to insufficient diagnostic capabilities for virus 

detection. Changes in disease-causing pathogens due to HIV/AIDS infection or exposure 

to novel viruses in immune-naive people, as a result of human encroachment on wildlife 

environments, might also contribute to the ongoing diagnostic challenge of infectious 

neurological disorders. Improved preventive strategies could be achieved and sustained 

through primary health-care systems that are reworked to integrate orthodox (ie, western 

medicine) and non-orthodox (eg, faith healing, traditional and alternative medicine) systems 

to screen for and control common risk factors. Geographical and virtual communities can 

also be sensitised and engaged through social media and mobile health technologies.

Health financing solutions in LMICs are urgently needed. Financing strategies should 

include universal health insurance systems and non-governmental sources of funding from 

implementation and development partners at national and international levels. It is also 

crucial to involve, engage, and empower all stakeholders, including patients, the general 

public, providers, and policy makers,41 and to promote collaboration between multiple 

sectors of society (eg, government, public health, and research and education) under a 

One Health initiative.42 According to the WHO definition,42 One Health is an approach 

to designing and implementing programmes, policies, legislation, and research, in which 

multiple sectors communicate and work together to achieve better public health outcomes. 

Such an approach is required to achieve and sustain health targets within the context of all 

UN Sustainable Development Goals.

From GBD findings to research priorities

Reliable morbidity and mortality data on neurological disorders and their risk factors are 

the backbone of evidence-based health-care planning, priority setting (including acute 

hospital care, community care, rehabilitation, and prevention), and resource allocation 

(including research funding). However, methodologically sound epidemiological studies are 

scarce for most neurological disorders, which limits the ability to compare and replicate 

findings. The GBD Study of neurological disorders goes some way towards addressing these 

limitations, but the accuracy of the estimates is directly related to the availability of reliable 

epidemiological data from the countries and regions concerned; 3–11 42% of countries did 

not report data on neurological disorders in the past 2 years.35 Therefore, more high-quality 

epidemiological studies of the burden of various neurological disorders are needed for many 

countries, especially LMICs, and these studies should be considered a high priority for 

public health research funding.

Unlike the effect of risk factors on DALYs due to stroke, the absence of association between 

the risk factors analysed in the GBD 2016 Study and the burden of other neurological 
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disorders should prompt further research into risk factors for neurological disorders in 

different countries and populations (eg, by ethnic group, age, and sex). Much of the 

progress in neurological health care is due to basic research, but many areas—such as 

neurodegeneration or inflammatory mechanisms—are currently underfunded, given the large 

disease burden and the rapidly increasing incidence of neurological disorders.43

To address the burden in LMICs, a range of additional studies is needed, including social 

science studies about disease concepts,44 research into how best to deliver treatment 

and care to patients with non-communicable neurological diseases (eg, through hospital, 

outpatient settings, self-management), and studies of treatment acceptability, interventions, 

and procedures in different ethnic populations. Studies on the cost-effectiveness of 

interventions and the best methods for policy transfer are also essential.

Appropriate funding at national and international levels is therefore vital to study 

and monitor frequency, outcomes, and predictors of neurological disorders, as well as 

prevention, health-care and treatment strategies, including translational research.

Progress in translation to policy and practice

There are several examples of successful implementation of evidence-based strategies for 

the prevention and management of neurological disorders, and this progress should be 

built on to counter the effects of the growing burden of these diseases. Globally, the 

most impressive achievements have been made in communicable neurological disorders (eg, 

tetanus, meningitis, encephalitis), for which there have been substantial reductions not only 

in the rates of mortality and DALYs, but also in absolute numbers.1 These achievements are 

largely owing to wider community and country-wide vaccination programmes for tetanus 

and meningitis, although, as already noted, substantial gaps in vaccine coverage need to be 

addressed in many LMICs.45

For non-communicable neurological disorders, the most notable achievements have been 

observed for stroke. Wide implementation of evidence-based stroke management strategies 

(eg, stroke units, thrombolysis, national smoking cessation campaign) in the USA for just 

20 years has shifted stroke from the second to the fourth leading cause of death.45,47 An 

initiative to translate evidence into practice was set up in 2018 by the first Ministerial 

Stroke Meeting, conducted concurrently with the 21st Ibero–American Stroke Organization 

Congress in Gramado, Brazil. There, the Gramado declaration was adopted, pledging 

to implement specific measures to improve primary stroke prevention and acute and 

community care and rehabilitation (eg, stroke riskometer app for primary stroke prevention, 

increased number of acute and community care and rehabilitation services, training of health 

professionals) across all Latin American countries.32

Other interventions that have been explored on a national level include integrated care 

models for Parkinson’s disease, such as ParkinsonNet in the Netherlands, USA, and 

Norway.48,49 For headache, multidisciplinary care models have been developed and already 

partly tested in Germany and other countries, and have been shown to be cost-effective.50,51 

Additionally, the Value of Treatment project of the European Brain Council has examined 
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the value of interventions for prevention, screening, diagnosis, treatment, and rehabilitation 

for a range of neurological and mental health disorders. This initiative aims to identify areas 

that need to be prioritised for policy recommendations to optimise research and improve 

services at a European level.52 Not all interventions are appropriate for all countries, 

however, and more research into existing interventions and their effectiveness is needed 

to develop customised national or subnational solutions.

Accumulating evidence demonstrates the feasibility and preliminary effectiveness of 

telemedicine and mobile technologies for remote delivery of health care and education in 

neurology.53,54 Some examples include promoting a healthy lifestyle,16,55–57 preventing 

stroke,32,58–60 and managing Parkinson’s disease,60 multiple sclerosis,61 migraine,62 

dementia,63 and epilepsy,65,66 among others. Supported by WHO,67 validated mobile 

technologies are evolving quickly and are already showing unprecedented uptake among 

the public and health professionals. Such technologies have the potential to transform 

neurological health care and prevention.16

Conclusions and recommendations

Neurological disorders are collectively the leading cause of disability and the second highest 

cause of death, globally, and the magnitude of their burden is likely to rise owing to 

population growth and ageing, particularly in LMICs. Governments and public policy 

makers need to take urgent action to mitigate the risks and impact of neurological disorders. 

Given the limited resources and competing health issues all policy makers are facing around 

the globe, coordinated advocacy efforts are required at the individual, institutional, local, and 

national government levels, with support from relevant non-governmental organisations and 

patient organisations. Such efforts should encourage prioritisation and promote the funding 

and implementation of strategies to reduce the burden of neurological disorders. Funding 

bodies and policy makers should make use of the GBD global, regional, and national 

estimates of the burden of neurological disorders, risk factors, and their trends1,3–11 to define 

health-care and research priorities, and to advance prevention, management, and service 

and workforce development. Panel 4 gives a summary of priorities and recommendations 

for policy making on the basis of the GBD findings. The GBD findings should place 

prevention of neurological disorders as the main priority for public-health authorities, 

neurology services as a main priority for health-care systems, and epidemiological 

monitoring (observational and experimental) studies, the assessment of preventive and 

disease-modifying interventions, and translational studies as top priorities for research 

funding agencies.68 Moreover, addressing social determinants of the burden of neurological 

disorders, including targeting SDI as a highly predictive factor,69 could be effective in 

reducing the burden, and should be carried out at international or governmental levels.

More data on the burden of neurological disorders in all countries and populations, 

especially in LMICs, are sorely needed to inform policy and guide improvements in 

health-care services. Additionally, improvements in the quality of data collection via health 

information systems in LMICs are crucial for understanding the magnitude of the problem 

and for developing and providing solutions that are calibrated to local settings. Widely 

accessible prevention strategies and expanded and enhanced workforces for better health-
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care delivery in LMICs are essential to reduce the global burden of neurological disorders. 

Innovations that have been successfully developed in high-income settings will have to be 

adjusted to local circumstances to improve the quality of neurology services for the high 

number of people living with neurological diseases in LMICs.

Following the Global Action Against Dementia initiative34 and initiatives for stroke (eg, 

the World Stroke Organization initiative to “Cut stroke in half”,33 the first Ministerial 

Stroke Meeting of Latin American countries,32 and the Action Plan for Stroke in Europe)70, 

comprehensive and collaborative efforts should be developed at international and national 

levels on a similar scale for other major neurological disorders, with sufficient funding 

and clear goals and outcomes. Telemedicine and mobile health technologies are showing 

promise for providing health care and education remotely for a range of neurological 

disorders.32,53,54,58–66 Further development of these technologies and upscaling of widely 

accessible and proven effective mobile technologies should be one of the priorities for 

funding bodies and policy makers.32,60 Precision medicine71,72 and artificial intelligence73 

are emerging technologies that could contribute to a reduction in the burden of neurological 

disease through improved personalised detection, prevention, and treatment of these 

clinically and biologically complex disorders.

Regular updates and evaluation of the burden of neurological disorders at various levels 

through future GBD estimates and other epidemiological studies will be essential for 

monitoring progress and understanding responses to interventions, and for further driving 

the appropriate allocation of resources, building on successful policies, and developing new 

policies. Commitment to action is now needed at individual, organisational, governmental, 

and international levels to tackle the already immense and fast-increasing global burden of 

neurological disorders and other non-communicable diseases.
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Panel 1:

Aims of this Policy View

• To provide an understanding of the burden of neurological disorders, and 

evidence for risk factors, primarily focusing on Global Burden of Diseases, 

Injuries, and Risk Factors (GBD) 2016 Study estimates1,3–11

• To discuss implications of GBD estimates of the burden of neurological 

disorders for prevention, disease management and services, and research, 

including implications for low-income and middle-income settings

• To provide recommendations and set priorities for policy makers and funding 

organisations to develop strategies to reduce the burden of neurological 

disorders, with examples of successful translation of policy into practice
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Panel 2:

Global Burden of Diseases, Injuries, and Risk Factors (GBD) Study concept 
and key metrics for neurological disorders

Concept

Although accurate data on incidence, prevalence, mortality, disability, and risk factors 

for neurological disorders are essential for evidence-based health-care planning and 

resource allocation, data are scarce for most countries, especially up-to-date data and 

data collected during one or more decades covering not only a single neurological 

disorder (eg, stroke or Parkinson’s disease) but a whole range of disorders. The GBD 

Study1–11 aims to fill this gap in data and to provide the best possible estimates on 

incidence, prevalence, mortality, disability, and risk factors for neurological disorders 

for 195 countries, from 1990 to the present, using all available epidemiological data 

(both published and unpublished), official mortality data, and other statistics and 

databases. For countries with no relevant epidemiological data, estimates are made from 

neighbouring regions and any available local health and sociodemographic statistics. The 

GBD estimates are available for global, regional, and national levels, thus providing 

an opportunity to examine the most important contributors to health loss to facilitate 

decision making at different levels of policy making.

Key metrics and definitions

Mortality

Mortality is the occurrence of death caused by a neurological disorder, following the 

tradition of the International Classification of Diseases to assign a single underlying 

cause for each death.

Incidence

Incidence is the occurrence of a new neurological disorder; GBD estimates of the 

incidence of neurological disorders include only first-ever-in-a-lifetime events.

Prevalence

Prevalence is the proportion of people who have a neurological disorder and are alive at 

the time of measurement. It is a function of past incidence and the average survival time 

of people with the disease or of the event. In the GBD Study, prevalence is expressed per 

100000 people.

Disability-adjusted life-years (DALYs)

DALYs refer to years of healthy life lost due to premature death and disability, calculated 

as the sum of years of life lost (YLLs) and years lived with disability (YLDs) due to a 

neurological disorder. One DALY equals one lost year of healthy life.

Years of life lost

YLLs are years lost due to premature mortality, calculated by subtracting the age at 

death from the longest possible life expectancy for a person at that age. This aspirational 

Feigin et al. Page 17

Lancet Neurol. Author manuscript; available in PMC 2023 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



life expectancy is derived from the lowest observed mortality rates age-by-age in any 

population.

Years lived with disability

YLDs are years lived in less than ideal health, including conditions such as migraine, 

which may last for only a few days, or epilepsy, which can last a lifetime. It is measured 

by taking the prevalence of the condition multiplied by the disability weight (the severity 

of health loss associated with a health state that is developed through surveys of the 

general public) for that condition.

Risk factors and attributable burden of neurological disorders

Risk factors are potentially modifiable causes of neurological disorders. In the GBD 

Study, attributable burden is the share of DALYs that can be estimated to occur because 

of exposure to a particular risk factor or risk factor cluster in comparison with a 

theoretical minimum level of exposure.

GBD regions

GBD regions are groups of countries that are geographically close and epidemiologically 

similar. The high-income North America GBD region, for example, contains the USA 

and Canada, and the south Asia GBD region contains Bangladesh, Bhutan, India, Nepal, 

and Pakistan. The GBD regions are themselves grouped into GBD super-regions, which 

have similar cause-of-death patterns. The Latin America and Caribbean super-region, 

for example, contains the Caribbean, central Latin America, tropical Latin America, and 

Andean Latin America regions.

Sociodemographic index (SDI)

SDI is a summary measure that identifies where countries or geographical areas sit on the 

spectrum of development. Expressed on a scale of 0 to 1, SDI is a composite of income 

per capita, average educational attainment in the population older than 15 years, and total 

fertility rate (the average number of children a woman would deliver over her lifetime) of 

all areas in the GBD Study. For example, a low SDI will be assigned to a country with 

lower income per capita, fewer average years of schooling, and higher total fertility rate 

than other countries.
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Panel 3:

Proposed framework for levels of access to global neurological services*

Minimal neurological services

• Variable access to health-care workers, including nurses or lay workers

• Variable access to neurologists

• Limited access to the most basic preventive and rehabilitation services

• Access to care provided in local communities without coordination across 

defined geographical regions

Essential neurological services

• Access to nurses

• Access to neurologists and physicians

• Access to basic laboratory screening tests, including blood, urine, and CSF 

tests, X-rays, electrocardiogram, telemetry, and Holter monitoring

• Access to basic neuroimaging tests, including CT, EEG, electromyography, 

myelography, and ultrasound imaging

• Access to essential treatments, including but not limited to the 2015 WHO 

Model List and additional neurological medicines from an expanded WHO 

Model List36,37

• Variable access to hospital and outpatient rehabilitation, treatment, and 

preventive services

Advanced neurological services*†

• Access to neurologists with disease-specific expertise

• Access to advanced laboratory tests, including genetic testing, monitoring 

of therapeutic drugs, amniocentesis, chorionic villus sampling, uterine 

ultrasound, fluoroscopy, biopsy, and long-term heart rate monitoring (eg, 

reveal device)

• Access to neuroimaging tests, including CT, MRI, discography, angiography, 

evoked potentials, and transcranial doppler ultrasound

• Access to advanced treatments, including thrombectomy, novel oral 

anticoagulants and other proven effective medications for various 

neurological disorders, interventional radiology, and neurosurgery

• Access to specialist rehabilitation therapy, including cognitive therapy 

treatment

• Access to community rehabilitation programmes
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• Access to fully coordinated and multidisciplinary neurological care across 

geographically discrete regions

*These guidelines, based on guidelines for stroke developed by the World Stroke 

Organization, are intended as a starting point for developing a framework for levels 

of access to neurological services to support health service planning. The goal is 

to achieve the most advanced level of neurological services that is realistically and 

reasonably attainable, given local resources and practice, which can potentially vary 

within and between regions (eg, urban vs rural). Adapted from Lindsay and colleagues,36 

by permission of John Wiley & Sons.

†Advanced neurological services should also include the essential services listed.
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Panel 4:

Overview and summary of priorities and recommendations for policy 
making

Burden of neurological disorders

• In 2016, neurological disorders were the leading cause of disability and the 

second leading cause of death3

• Almost one in three people worldwide has a neurological disorder at some 

point in their lifetime; the most common neurological causes of disability are 

stroke, migraine, and Alzheimer’s disease and other dementias3

• In the past 30 years, the number of deaths has increased by 39% and 

disability-adjusted life-years lost by 15%3

• Most of the burden (nearly 80%) is borne by low-income and middle-income 

countries (LMICs), whose total neurological workforce is 70 times less than 

that of high-income countries3

Priorities and recommendations

• Funding bodies and policy makers should make use of the GBD global, 

regional, and national estimates of the burden of neurological disorders, risk 

factors, and their trends1,3–11 to define health-care and research priorities, and 

to advance prevention, management, and service and workforce development

• Coordinated advocacy efforts at the individual, institutional, local, and 

national government levels are required to encourage prioritisation, funding, 

and implementation of strategies to reduce the burden of neurological 

disorders

• Governments should consider developing and implementing strategies to 

counter established risk factors for neurological disorders (eg, taxation 

strategies to tackle unhealthy behaviours, such as tobacco use, salt intake, 

sugar consumption, and alcohol use); the revenue from these taxations could 

be used to fund advances in neurological care, workforce development, 

development and implementation of disease-modifying interventions, and 

the provision of culturally appropriate and population-specific preventive 

strategies

• To be most cost-effective, preventive strategies for neurological disorders 

must be integrated with prevention strategies for other non-communicable 

diseases and health conditions, including ischaemic heart disease, chronic 

kidney disease, cancer, and diabetes

• Governments and policy makers need to take measures to improve early 

diagnosis, treatment, and rehabilitation to reduce the burden of neurological 

disorders in the absence of optimal strategies to reduce the risk of many of 

these disorders
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• Urgent efforts are needed for adequate neurological service development, on 

the basis of our proposed framework for access to minimal, essential, and 

advanced services, with the aim of achieving the most advanced level of 

services possible, given local resources and practice (panel 3)

• To achieve global impact in reducing the burden of neurological diseases, 

LMICs, which bear the greatest burden, require targeted interventions to 

rapidly improve the accessibility and delivery of primary, population-wide 

and individual, motivational prevention strategies and services for acute care 

and rehabilitation of neurological disorders

• An increase in the size and quality of the health workforce is needed in 

LMICs to improve access to services

• Collaboration between health, sociopolitical, and economic sectors31 at the 

local, national, regional, and international levels is key to achieving good 

neurological health for global populations

• Targeted investments on the international and national levels are required 

to study and monitor frequency, outcomes, and predictors of neurological 

disorders, and their preventive and disease-modifying interventions (including 

translational research); funding for research focused on epidemiological 

surveillance, prevention, and treatment and care tailored to local 

circumstances in LMICs is also vital

• Similar to initiatives for stroke32,33 and the Global Action Against 

Dementia,34 concerted, collaborative, and comprehensive global initiatives 

should be developed for other major neurological disorders (including 

traumatic brain injury) at WHO and national levels; to be effective and 

sustainable, these actions need to be supported by sufficient funding, with 

clear goals and outcomes
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Search strategy and selection criteria

We searched PubMed and the internet (using Google and other search engines) for 

articles published in English during the period Jan 1, 1990, to Sept 30, 2019, using 

the terms “neurological disorders”, “stroke”, “brain and other nervous system cancers”, 

“traumatic brain injury”, “spinal cord injury”, “Alzheimer’s disease”, “dementias”, 

“Parkinson’s disease”, “multiple sclerosis”, “motor neuron disease”, “epilepsy”, 

“migraine”, “tension-type headache”, “tetanus”, “meningitis”, and “encephalitis”, 

combined with either “Global Burden of Disease”, “global”, “burden”, “cost”, “taxation”, 

“policy”, “funding”, “priority”, “prioritisation”, or “action plan”. We concentrated on 

Global Burden of Disease estimates and nationally representative and international 

reports. Additionally, we manually searched the reference lists of relevant publications 

and consulted with experts in the area of neurological disorders and other relevant 

stakeholders.
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Figure 1: Proportional contribution of various neurological disorders to the overall burden of 
neurological disorders
Proportions (%) of disability-adjusted life-years (A) and deaths (B). Based on data from 

Feigin and colleagues.1
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Figure 2: Global DALYs by age for various neurological disorders in 2016
Proportions for men (A) and women (B). Early neonatal is 0–7 days; late neonatal is 7–28 

days; post-neonatal is 28 days to 1 year. Reproduced from Feigin and colleagues,1 by 

permission of Elsevier. DALY=disability-adjusted life-year.
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